®ENEPAINIBHOE AFEHTCTBO

No TEXHUWHECKOMY PEIMYIIUPOBAHUIO U METPOINOI MU

HAUMWOHANBbHBLINA rOCT P
CTAHOAPT
POCCUMUCKOM 55596—
OEOEPALUM 2013

CETU TENJNOBbIE

HopMmbl 1 MeTOAbI pacyeTa Ha MPOYHOCTb
M ceMcMunYeckue Bo3aencTBus

U3paHue oduumnansHoe

Mockea
CraHpaptuHcopm
2014



FOCT P 55596—2013

Mpeaucnosue

1 PASPABOTAH Hekommepueckum napTHepcTBoM «CepTudpmkaumoHHeln ueHtp HACTXOM» (HIM «CL
HACTXOI»), HayuHo-TexHW4eckum npegnpusituem TpyBonposoa (OO0 «HTIM Tpy6onposoay), Poccus

2 BHECEH MTK 155 «CoeauHeHusi Toy6onpoeoaoB obLLemMallHOCTPOUTENBHOMO NPUMEHEHUS»

3 YTBEPXXOEH Y BBEAEH B AENCTBWE Mpukasom deaeparnsHOro areHTCTaa no TeXHUYeckoMy perynm-
pOBaHWo M MeTpororum ot 25 okTs6ps 2013 . Ne 1196-ct

4 BBEJEH BMNEPBBIE

Mpaesuna npumeHeHus Hacmoswezo cmaHdapma ycmatosrneHsi 8 FOCT P 1.0—2012 (pasden 8). Hgop-
Mauyus 06 usMeHeHUsX K HacmosiweMy cmaHdapmy rybiiukyemcsl 8 exe200HOM (1o cocmosiHuio Ha 1 sHeapst
mexyuezo 200a) UHGopMayUOHHOM yKa3amerne « HayuoHarnbHble crnaHOapmbl», a oghuyuanbHbIl mexkem usme-
HeHUll U ornpasok — 8 exxeMecsYHOM yKa3amerie «HayuoHanbHble crnaHOapmsi». B cnyyae nepecmompa (3a-
MeHbl) Unu ommeHbl Hacmosiuez2o cmardapma coomeseemcmeytoujee yesedomierue 6ydem onybnukoeaHo 8 biu-
JaliueM 8birlycKe exeMecsiYH020 UHGOpMayLUOHHO20 yKkasamers «HayuoHanbsHble cmaHdapmei». Coomeem-
cmaeytouwas UHgopmauyus, yeedomreHue u mekcmsi pasmeLwialomces makxe 8 uHgopmaytioHHol cucrmeme o6-
wjeeo ronb30eaHusi — Ha oghuyuansHoM catime ®edepalibHO20 a2eHMCemea 10 MEXHUYECKOMY peayiupoeaHuto
u mempornozuu e cemu UUHmepHem (gost.ru)

© CraHgapTtuHdopmM, 2014

HacTosiumit craHaapT He MOXeT GblITb NMOMTHOCTHIO UK YacTUYHO BOCTIPOU3BEAEH, TUPaXMPOBaH U pacrnpoc-
TpaHeH B kauecTse oduLManbHoro nagarus 6es paspelleHus degepanbHOro areHTCTBa No TEXHUYECKOMY pery-
JIMPOBaHUIO U METPOSIOTN



FOCT P 55596—2013

CopaepxaHune

1 0O0NaCTb MPUMEHEHUST . . . . . . . o v i i e e e e e e e e e e e e e e e e e e e e e 1
2 HOPMATUBHDBIE CCBITKU . . . . . . . v i it e e e e e e e e e e e e e e 2
3 TepMUHbI M ONPEAEGNEHUST . . . . . . . . . . . . o it e 2
4 OOO3HAUEHMSI M COKPALLIEHMST . . . . . .t v o v e e e e e e e e e e e e e e e e 5
5 OOWME MOMNOXKEHUS . . . . . o v v o e e e e e s, 8
5.1 OCHOBHbIE MOMOXEHUS PACHETA HA MPOYHOCTD . . . . . . . o v e e v v e e e e e e e e s 8
5.2 flonyckaeMble HAMPSDKEHWUST . . . . . . . . . . o o i i it e e e e e e e 9
5.3 KoathdruMeHTbI MPOYHOCTU CBAPHBIX COBAMHEHUIA . . . . . . . . . . . . o o v i i e e e 10
5.4 PacueTHasi U HOMUHANbHAA TONWMNHA CTEHOK AMIEMEHTOB . . . . . .« .« v v v v e e e e e e e 1
6 Harpyskm M BO3OEWCTBMA . . . . . . . . . . . e e e e e e e 12
6.1 Knaccudumkaumss Harpy3ok ¥ BO3AEHACTBUM . . . . . . . . . . o v v i e e e e e 12
6.2 HOPMATUBHBIE HAMPY3KM . . . o v o o v i i i e e e e e e e e e e e e e e e e e e e 13

7 PacyeT Ha NpoYHOCTbL TPY6 1 coeanHUTENbHBIX AeTanel nog AericTBUeM BHY TPEHHEO M3BLITOMHOrO AaB-
TEHUSL . . . L o e e e e e e e e e e e e e e e e e s 15
TATPYObI . . o o o e e e e 15
T20TBOOBl . . v v v v v e v e e e e e e e e e e e e e e e e 15
T.3TIepexodbl . . . . . v v o e e e e e e 16
TATPOMHUKM M BPEBKM . . . v v v o v e e e e e e e e e e e e e e e e e e 17
8 TloBepouHblit pacHeT TPYBOMNPOBOAA HA MPOYHOCTD . .« . v v v v v e e e e e e e e e e e e e e 20
8.1 BblGop pacyeTHOM cXeMbl TPYBOMPOBOAA . . . . . v v v v e i e e e e e e e e e e 20
8.2 CoveTaHUe Harpy3oK M BOBAEMCTBUM . . . . . . v v v i e e e e e i e e e e e e e e 21
8.3 MpuMeHeHUe 1 ydYeT NPeABapUTENIbHON PACTSKKA . . . . . .« v o v v e it e e e e e e e e 23
8.4 OnpepgeneHune Harpy3ok Ha o6opyaoBaHWe, Ornopbl U CTPOUTENbHBLIE KOHCTPYKLUMM . . . . . . . . . . 24
8.5 YyeT BNUSAHMSA KOMMeHcaTOpOoB Npy pacyHeTe TpybonpoBoAa . . . . . . . . .« o v v v v v v v .. 25
8.6 YCNOBUSI MPOUHOCTM . . . v v v v v o o e e e e e e e e e e e e e e e e 27
8.7 PacyeTHble HanpskeHWs B Tpybax W COEAUHUTENBHBIX AETANSAX . . . .« « o v v v v v e o o oo 28
8.8 PacueTHble HaMPSHKEHUS B OTBOAAX M KOCBIX CTBIKAX . . . .« .« v v v v o e v e e e e e e e e e 29
8.9 PacyeTHble HaMPSOKEHNS B TPOMHMKAX M BPE3KAX . . « v v v v v v v v e e e e e e e e e e e e e 30
8.10 PacueTHble HANPSDKEHNS B MEPEXOAAX . . . .« v v v v e e e e e e e e e e e e e e e e 32
8.11 PacueTtHble HanpsikeHna B MY n MMM mzonsaumm . . . . . . . . . . . . . o o oo b e e o 32
8.12 PacyeT Ha UMKMUYECKYIO MPOYHOCTD . .« & v v v i v e e e e e e e e e e e e e e e e e e 33
9 PacyeT TpyboNpoBoAa B PeXMME UCMBITAHUI . . . . . . . . o v v vttt e e e e e e e 35
9.1 OBLUME MOMOKEHMS & . v v v v v v v e e e e e e e e e e e e e e e e e e e e e e e 35
9.2 ToBepouyHbIli pacyeT Tpy6onposoda B peXXMMe UCTIBITaHWA . . . . . . . . . . . . . . . .. ... 35
10 MOBEPOYHBIA PACYET HA YCTOMUMBOCTD « . & v v v v v e v e e e e e e e e e e e e e e e e e e e e 35
10.1 YCROBHbIE OB03HAYEHUSA . . . . . . . ot i it e e e e e e e e e e e e e e e e 35
10.2 OBLUME MOFIOKEHUA . . . . o v v v v e e i e e e e e e e e e e e e e e e e e e 36
10.3 MNpoponebHasa ycToN4MBOCTL NPy BeckaHanbHOW NPoKNagke BIPyHTE . . . . . . . . . . . . . . . 37
10.4 NpoaonbHas yCTOMUMBOCTL HAA3EMHbIX TPYBOMPOBOAOB U NOA3EMHBIX TPYGONPOBOAOB B kaHanax 38
11 PacuyeT Tpy6onpoBoAa Ha CEBACMOCTOMKOCTD . .« . & « v v v v e e v e e e e e e e e e e e e e e e 141
11.1 OBWME MONOKEHUST . . . . . . v v i i e e e e e e e e e e e e 4
11.2 PacueT Hag3eMHoro Tpybonposoaa. OBLUME MOMOXKEHUST . . . . . . .« v v v v v o v e e e 412
11.3 Pacuet HaasemHoro Tpybonposoaa no IMHENHO-CNEeKTPanbHON TEOPUM . . . . . . . . . . . . . . 45
11.4 PacyeT HagsemHoro TpybonpoBoa METOAOM 3KBUBASNIEHTHOW CTATUHECKON Harpysku . . . . . . . 47
11.5 Pac4et HaaseMHoro TpybornpoBoga METOAOM AMHAMUYECKOTO @Hanmm3a . . . . . . . . . . . . . . a7
11.6 Pacuet nogsemHoro TpybonpoBoda 6eckaHanbHOW MPOKNagKN . . . . . . . . . . .« o o o o .. 48
11.7 PacuyeT Ha CeiCMUYECKNE CMELLEHUST KPEMITEHUIM . . . . . . . . . . . o o i i e e e e e e e 50
12 MoBepouHbIf pacyeT Ha NPOYHOCTL TPYBONPOBOAOB U3 TMBKUX NONMMEpPHBIX TPYD . . . . . . . . . . . 51
12.1 O6WME MOMOXKEHUS . . . . . . . . . . ottt i e e e e e e e e e 51
12.2 Hecywas cnocobHocTb mbkux Tpyb «M3onpodneke» n «M3onpodnekc-A» . . . . . . . .. . .. 52

12.3 KomneHcauus TemnepaTypHbIX pacLUMpPEHUiA, HArpy3ku Ha HeMOABWKHbIE ONopbI U FyGuUHa 3anoxe-
HUS NpY BeCcKaHaNMBHOM MPOKMAAKE . . . . . . & v i it e e e e e e e e e e e e e e e e e e 55

13 MoBepoyHEkIN pac4eT Ha NPOYHOCTL TpYBoNpPoBOAOB U3 TMGKMX CTanbHbLIX rOpPUPOBaAHHLIX TPYG . . . . . 56



FOCT P 55596—2013

13.1 OCHOBHbBIE MONMOXKEHUST . . . . . . o o ottt e e e e e e e e e e
132 KpUTEPUM MPOMHOCTU . . . . o o o it i i e e e e e e e e e e e
13.3 Harpyskn Ha HEMOABMXKHBIE OMOPbl . . . . .« v v v e e e e e e e e
MpunoxeHne A (pekoMmeHayemoe) Y4YeT NOBbILLEHHOW TMBKOCTW OTAENBbHbIX 3EMEHTOB . . . . . . . . .
AT OTBOABI . . . . v o o e e

A2 TPORHUKN M BPE3KM . . . . v o v i v e e e e e e e e e e e e e e

MpunoxeHne b (pekomeHayemoe) OnpeaeneHne paccToAHUIA Mexay MPOMEXYTOUHbLIMY oropamMu . . . .
B.1 YcnoBumsl NpoYHOCTM TPYBOMPOBOAA . . . . « . v v v v v v e e e

B.2 Ycnosus xxecTkocTn (NpoBucaHust) TpybonpoBoga . . . . . . . ... ..

B.3 PaccTosiHue mexay onopamu 1 aHTUCENCMUYECKUMM YNopamu € y4eToM cecMmdec-

KOTO BO3AEGMCTBUS . . . . . o o o it e e e e e

MpunoxeHue B (cnpaBouHoe) Mpumep pacyeTa Ha NpOYHOCTL TMBKOro cTansHoro Tpybonposoda 13 Tpyd
«Kacadhneke» . . . . . L L e

B.1 MicxoaHble AaHHBIE . . . . . . ... o e e e e e e e

B.2 BbluMCReHUE HAMPSKEHUM . . . . . . . o o o e e e e e e e e

B.3 OueHKa CTaTUYECKOM MPOYHOCTU . . . . . v v v o e v v e e e e e e e e

B.4 Harpyska Ha HENOABMXKHYIO OMOPY . . . « . . o v v v v it e e e e e e e e

MpunoxeHne (cnpaBoyHoe) MpumMepbl pacyeToB HecyLLel CoCOBHOCTU MBKMX TpYBONpOBOAOB U3 CLLK-
Toro nonmaTuneHa PEX . . . . . . . e e

1 Tpybonposog n3 rubkux Tpy6 «M3onpoconeke» . . . . . . . . . . . ... L.

I"2 Tpybonposoa 13 rmbkux Tpyb «M3onpodhmekc-A» . . . . . . . . . . . . ... ...

MpunoxeHue 1 (cnpasoyHoe) MporHosupoBaHne HapaboTknM Ha OTKa3s rnocrne NpoBedeHWUst TMAPOUCTIbI-
TAHUM . . . L e e e e e

0.1 MocTaHoBKa 3a4ayn U UCXogHble NPEeAnochIkK . . . . . . . . . . . . . o o ..

0.2 MeToamKa pacueTa . . . . . v v v v i e e e e e e e e e e e e e

0.3 MpuMep pacdeTa . . . . . . . . . o o oo e

MpunoxeHue E (pekomengyemoe) OnpeaeneHne pacyeTHOro pecypca akcnnyatauum Tpybonposoaa . . .
Mpunoxerune XK (cnpasoyHoe) Mpumepbl onpegeneHns HanpskeHWii B Tpybonposogax 6eckaHanbHOM
NPOKNagKkn oT CEMCMUYECKUX BO3AENCTBUIM . . . . . . . . . . v v v i it e e
Bubnuorpadmsa . . .. . L L L s

56
56

60
60
61

63

65
65
65

66
67

67
68

3888

71

72
74



FOCT P 55596—2013

BBepeHue

HacTosawwui ctaHgapT npegHasHayeH 4ns crneunanyicToB, OCyLLEeCTBASIOLLMX NPOEKTUPOBaHWe, CTPOUTENb-
CTBO 1 PEKOHCTPYKLIMIO TPY6ONpOoBOAOB TENOBLIX CETEN.

BoinyLeH BzameH P, 10-400—01 «HopmMbl pacyeTa Ha Mpo4HOCTL TPyHONPOBOAOR TEMMOBLIX CETEN».

CraHpapT paspaboTaH HayuHo-TexHuyeckum npeanpusitnem Tpy6onposoa (OO0 HTI « Tpy6onpoeoay) npu
yyactun pynnel «Monunnactuk», 3A0 «3aeog AH[A Mastpybnnact», OAO «BHUMU3Hepronpomy», OAO

«Arxnpoektcepaucy, OAO HIMO «LUIHUNTMALL.

Pa3paboTka BbINonHeHa aBTOPCKUM KOJIIEKTUBOM B COCTaBe:
B.A. Maranud, A.B. MaTeees, A.3. MupkuH — OOO HTIM « Tpy6onposoa»;

W.A. Oanowesckuin, O.5. Kupees — AOOT «HIMO UKTU um. N.A. NonayHosay;

A.H. Bup6paep, A.B. NetpeHko — OAO «CIMBAIM»;

B.B. Kospura, U.B. M'Bozaes — Mpynna «Monunnactuk», 3AO «3asog AH[, Mastpy6nnacTy;

I X. YmepkuH |, A.1. Kopotkos — OAO «BHUTMNSHepronpomy.



rOCT P 55596—2013

HAUMWOHANbHBIN CTAHOAPT POCCUMCKOWN ®EAEPALUUNMU

CETU TENJNOBbIE
Hopmbl u MeToabl pacyeTa Ha NPOYHOCTL U ceiCMUYecKne BO3aencTBUA

District heating systems. Standard for the stress and seismic analysis

OaTta BBegeHns — 2014—05—01

1 O6nacTb NpUMeHeHus

1.1 HacTtoawuiA ctaHaapT pacnpocTpaHseTcsl Ha NPOeKTUpYeMble, BHOBbL U3roTaBnvBaeMble U pekoH-
CTpyupyemsbile:

- cTanbHble TPYGonpoBoAbl BOASHbIX TENNOBLIX ceTel ¢ paboumm gaBneHnem o 2,5 MIa BKMHoUMTENbHO 1
paboueli Temnepatypoii 4o 200 °C BKiItouUTENBHO,

- cTarbHble naponpoBoasl ¢ pabourm AasneHuem Ao 4,0 MMa BkniounTensHo U paboyelt TemnepaTtypoii 4o
250 °C skntounTensHo (kateropus |, rpynna 2) ot BbIXOAHbLIX 3aMopHbIX 3a[BWKEK KOMIEKTOPOB UCTOYHUKA Terno-
Thl UMW OT HAPYXKHBIX CTEH UCTOYHUKA TENNOoThl A0 BbIXOAHbLIX 3aNOpPHbIX 3aABUKEK TEMMNOBbLIX MYHKTOB (Y3108
BBOZIOB) 3aHUI 1 COOPYXEHUN,

- TpyGonpoBoabl BOASHLIX TENSOBbLIX CETEN U3 TMBKMX CTanbHbIX rochpupoBaHHbIX TPYG ¢ pabounm gasneHn-
em go 1,6 MMa BkntouutensHo n paboyer TemnepaTypoli 4o 150 °C BkNOUUTENBHO,

- Tpy6onpoBoabl BOASIHLIX TENNOBLIX ceTew U3 rbkux nonumMepHbIX Tpyb ¢ pabounm gasneHvem go 1,0 MMa
BKITOYUTENBHO U pabouel TemnepaTypoin Ao 95 °C BKNOYUTENBHO.

1.2 HacTosAwmin ctaHaapT pacnpocTpaHAeTCA Kak Ha BO3AYLWHble TENSoBbIe CeTH (B KaHasiax, ropoackux
W BHYTpUKBapTaNbHbIX TOHHENSAX, HAA3eMHbIe), TaKk U Ha TennoBble CeTW, 3alleMieHHble B rpyHTe (6ec-
KaHasnbHble).

1.3 HacToawwii ctangapT ycTaHaBnuBaeT MeToabl pacyeTa Ha NPOYHOCTb TPYBONPOBOAOB TEMMOBLIX CETEW,
a TaKkke TpeboBaHus Mo onpeaeneHUto TONLWMHBLI CTEHKN Tpy6 1 coeanHUTENbHLIX AeTanel Tpy6onposoga ans
obecneveHns ux HecyLeit cnocoGHOCTM Noa AEUCTBUEM BHYTPEHHETO U3BbITOMHOrO AaBNEHUS.

MoBepouHblil pacyeT Tpybonposoda NpeaycMaTpuBaeT OLeHKy CTaTUYMECKON U LIUMKIIMYEeCKOR MPOYHOCTH
Tpy6GonpoBoga nop AEWACTBUEM Harpy3ok WU BO3AeWCTBUWA, COOTBETCTBYIOLUMX KaK HOPMAaNbHOMY pexumy
aKcnnyartauum, Tak 1 A0MyCTUMbIM OTKIIOHEHUAM OT TaKoro pexvma.

MoBepoyHbLI pacyeT Ha cefcMUIeckne BO3AEUCTBUA BLINONHAETCA ANA Tpy6onpoBoAOB, pacnofoKeHHbIX
Ha nnowagkax ¢ ceicMuiHocTbo 7, 8 1 9 6annos no wkane MSK-64.

BHyTpeHHWe cunoBble hakTopbl U peakuymn ornop onpeaensaoTca pacHeToM Tpybonposoaa Kak yrpyroi ctep-
)KHEBOW CUCTEMBI C YH4ETOM peasnibHON FMBKOCTU 3N1EMEHTOB U CUN TPEHUSI B ONOpax CKOSLXEHWUS Mo MeToaam
CTPOUTENbHOM MeXaHUKKN CTEPXXHEBLIX cucTeM. Harpysku Ha o6opyaosaHue 1 onopel onpegensioTcsi B paboyem 1
XorogHoM (He paboyem) cocToAHUAX TpyBonpoBoaa, a Takke NPU UCNbITAHUSX.

OueHKa NpoYHOCTM NPOBOAUTCA pa3aesibHO Ha AeVCTBUE HeCaMOypaBHOBELLEHHbIX Harpy3oK (BecoBble U
BHYTpPEHHee AaBreHne) U C y4ETOM BCEX Harpyxxarwmx haktopos, B TOM YACne TemnepaTypHbIx Aedopmauuii.
Mpw cobrtogeHn yCnoBuiA LUKAMYECKON NPOYHOCTW AOMNYCKAETCA 3HAUUTENbHAA KOHLIEHTPaLMSA MECTHBIX Hanpsi-
XeHult, 0ByCcrnoBnNeHHbIX TeMNepaTypHbIM HarpesoM B paboyem cocTosHUM TpyGonposoaa.

WzpaHve opuymansHoe
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2 HopmaTuBHbIe CCbINKN

B HacTosiLeM cTaHaapTe UCMoNb3oBaHbI HOPMATUBHbIE CCbINTKW Ha CriedytoLLne HOPMaTUBHbIE U TEXHUYEC-
Kne JOKYMEHTbI:

FOCT P 52857.1—2007 Cocyabl 1 annapatbl. HopMbl U MeToabl pacyeTa Ha npodHocTs. O6Lme Tpebo-
BaHWA

FOCT P 52857.3—2007 Cocyabl 1 annapatsl. HopMbl 1 MeToabl pacyeTa Ha NPOYHOCTb. YKpenneHue oTeep-
CTWI B oBevaiikax 1 gHULLAX NPU BHYTPEHHEM U BHELLHeM AaBneHusX. PacyeT Ha NpoYHOCTL obevaek 1 AHULL,
MpY BHELLUHWUX CTAaTUYECKUX HAarpy3kax Ha LWTyLep

FOCT P 52857.4—2007 Cocyapl 1 annapatsl. HopMbl 1 MeToabl pacyeTa Ha NpoYHOCTb. PacyeT Ha npouy-
HOCTb Y repMeTUYHOCTb (haHLEeBbIX COEANHEHUIA

FOCT P 52857.9—2007 Cocyabl 1 annapaTtbl. HopMbl 1 MeTogbl pacyeTa Ha npovHocTb. OnpegeneHue
HarpsikeHWA B MecTax repeceyeHuii WTyLepoB ¢ obedvaikamu 1 gHULLAMU MpW BO3ASNCTBUM AaBNEeHNUS 1
BHELLHWUX Harpy3oK Ha Wwryuep

FOCT 30732—2006 Tpy6bl 1 hacoHHbIe M3AENWSA CTaNbHbIE C TEMOBOR N30MSILMEN U3 NeHONOIMypeTaHa ¢
3aLLUTHOM 060n0UKON. TEXHUYecK e yCrnoBust

MOCT 25.101—83 PacyeTsl 1 UcnbITaHUS Ha NpoYHOCTL. MeToakbl cxeMaTusauuy cnyvyanHbIX NpoLeccos
Harpy>XeHvsi aNeMeHTOB MaLUVH Y KOHCTPYKLIMIA U CTAaTUCTUYECKOro NpeacTaBieHns pesynbTaTtos

MpumeyaHune— lNpu Nonb3oBaHMM HACTOSILLMM CTAHAAPTOM LEnecoobpasHo NPoBepuTL AENCTBUE CCbINOY-
HbIX CTAHAApPTOB B WHGOPMALMOHHON CUCTEME OBLLEero nonb3oBaHus — Ha oduumanbHom cante degepanbHOro
areHTCTBA M0 TEXHWYECKOMY PEryNUPOBAHMIO U METPOIIOTUM B CETU VIHTEPHET M No eXerogHoMy MH(OPMaunoHHOMY
ykasaTtento «HauuoHanbHble CTaHgapTbi», KOTOPLIA ONYGIIMKOBaH MO COCTOAHWIO Ha 1 AHBAps TeKywero roga, u no
BbIMYCKaM €XEMECAYHOro MHHOPMALMOHHOTO ykasaTensa «HaumoHanbHble CTaHaapTb» 3a TeKywmii roa. Ecnn sameHeH
CCbINIOYHbIN CTAHAAPT, HA KOTOPbIN AaHa HeaaTMPOBaHHAA CCbifka, TO PEKOMEHAYETCSl UCNONb30BaTh AENCTBYIOLWLYIO
BEPCMIO 3TOTO CTAHAAPTA C YYETOM BCEX BHECEHHBIX B JaHHYIO BEPCMIO M3MEHEHWI. ECnn 3aMeHeH CCbINOYHbIN CTaHaapT,
Ha KOTOPbLIM AaHa [aTMPOBaHHAs CCbINka, TO PEKOMEHAYeTC MCNOMb30BaTb BEPCUIO 3TOrO CTaHAApTa C YKa3aHHbIM
BbILLE TOAOM YTBEPXKAEHUS (MPUHATUSA). ECrin nocne yTBepXaeHWsl HacTOAWEro CTaHAapTa B CCbINOYHbINA CTaHAapT, Ha
KOTOPbIV faHa AaTMpOBaHHASA CCbINKa, BHECEHO M3MEHEHWe, 3aTparvBalowee nonoxXeHne, Ha KOTOpoe AaHa CCbinka, To
3TO MONOXEHNE PEKOMEHAYETCA NPUMEHSATEL 663 ydeTa AaHHOTo U3MeHeHWs. ECNn CCbINOYHbIN CTaHAapT OTMEHeH 6e3
3aMeHbl, TO MOMOXeHWe, B KOTOPOM AaHa CChiflka Ha HEero, PEKOMeHAYEeTCsl PUMEHSITb B HacTu, He 3aTparMBalowWweit aTy
CChIMKY.

3 TepMuHbI U onpeaeneHus

B HacTosiLeM cTaHAapTe NpUMEHeHbI crieflyloLlme TePMUHbI C COOTBETCTBYIOLLUMM onpeaeneHUaMu:

3.1 akceneporpamma: 3aBUCUMOCTb YCKOpeHUst KorebaHuiA OT BpeMeHM.

3.2 akceneporpamMma seMneTpsiceHUsA: AkceneporpammMa Ha cBO60AHOM MOBEPXHOCTU rPyHTA NPU 3eM-
NeTPsICEHNMN.

3.3 akceneporpamma noataxHas: OTBeTHasi akceneporpamma st oTAeNbHbIX BLICOTHLIX OTMETOK CO-
OpY)KEHWS, Ha KOTOpPbIX pacnonoxeH TpyGonposoa.

3.4 BosgencrBue: AsneHue, BbibiBaloLLee BHYTPEHHUE CUITbI B arieMeHTe Tpybonposoaa (M3MeHeHue Tem-
nepartypbl CTEHKU TpyObl, AechopMaLmsi OCHOBaHMS U Ap.).

3.5 Bosgencteue gedopmMaLumoHHoe (kMHeMmaTudeckoe): BosgelicTBre Ha TpybonpoBog B Buae nepe-
MeLLieHUs, Hanpumep, TeMnepaTypHble paclLnpeHusl, HepaBHOMepHas ocajika orop, CMeLLeHUe Touek npucoeau-
HeHus K 0bopyaoBaHuio U T. 4., u3MepsieTcsl B MM, rpagycax U T. 4. lecdopmaLupoHHble Bo3aencTBUS ABNAOTCA
camoypaBHOBeLLEHHbIMW 1 ANs TpY6oNpoBoAOB cHMTAOTCS MeHee onacHbIMU, YeM cunosble. [lehopmaumnoHHble
BO3[1€ACTBUA B CTaTUHECKW onpeaenMbIX CUCTEMAX He BbI3bIBAIOT MOSIBNEHWe BHYTPEHHUX YCUIWUIA, a Bbi3blBaOT
TOILKO NepeMeLLEHNS.

3.6 Bo3gencTBUE cunosoe: BosgeiicTeue Ha Tpybonposoa B BUAE CUnbl U3MepsieTcs, Hanpumep, B H,
MMa, H-mM 1 T. a. Cunosble BO3AENCTBUS SBNSAIOTCS HECAaMOYpaBHOBELLEHHbIMU U cuuTatoTcsl 6onee onacHbIMU,
yeM gedopMaunoHHble Bo3aencTeunsl. CUnoBble BO3AEHCTBUS BbI3bIBAIOT BHYTPEHHUE YCUIUS U NepeMeLLeHns
Kak B cTaTU4eckun onpeaenuMbixX, Tak U B CTaTUHECKU HeonpeaeMMbIX CUCTeMax.

3.7 paBneHue npo6Hoe: N36bIToUHOE AaBNeHUe, Npu KOTOPOM A0SKHO NPOU3BOAUTLCA MIMApaBNUYecKoe
ucnbiTaHue TpyGonpoBoga v ero getanei Ha NPOYHOCTb U FePMETUYHOCTD.

3.8 naBneHue paboyee (HopmaTuBHoe): HanbonbLuee BHyTpeHHee AaBneHue, Npy KOTOpoM obecneuu-
BaeTcsl 3aAaHHbIN peXkum akcrnyaTaumm Tpybonposoaa.
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3.9 paBneHue pacyeTHoe: MakcrmansHoe N3BbIToUHOE BHYTPEHHEE AABIIEHWE, Ha KOTOPOe paccHnThIBa-
eTcs TpybonpoBoA UNK ero YacTb Ha NPOYHOCTb.

3.10 ponyckaeMoe HanpsbkeHue: MakcMmansHoe 6e3onacHoe HanpspkeHWe npu SKcniyaTaumm paccmaT-
pVBaEeMOI KOHCTPYKLMN.

3.11 3emneTpsiceHue: KonebaHnsa 3eMni, BbiabiBaeMble MPOXOXAEHWEM CEACMUYECKUX BOSTH, U3NyYeH-
HbIX 13 Kakoro-nmbo ovara ynpyron sHepruu.

3.12 UHTeHCUBHOCTL 3eMneTpsAceHUn: Mepa BenuiuHbI COTPSICEHUS TPYHTa, onpeaensieMast napameTpa-
MW ABWXKEHWS TPYHTA, CTENEHbH0 paspyLLEHUsi COOPYXKEHWI 1 3AaHNA, XapakTepoM U3MEHEHWIA 3eMHOI MOBEPXHO-
CTW 1 AaHHBIMU 00 NCMbITAHHbBIX JTFOAbMU OLLYLLEHWUSIX.

3.13 koMneHcaTop: Y4yacToK nnv coeguHuTensHas Aetanb Tpybonposoaa cneLmanbHoh KOHCTPYKLUMK, pea-
HasHa4yeHHas Ans BOCpusTUS TeMnepaTypHbIX gedopmaLmin Tpybonposoda 3a cHeT CBoel NogaT/IMBOCTH.

3.14 KKCK: KopeHb kBafipaTHbI U3 CyMMbI KBaApaToB.

3.15 nuHeHO-cNeKTpanbHLIN MeTod aHanu3a: Metoa pacyeTa Ha CeACMOCTOMKOCTb, B KOTOPOM 3HaYe-
HWS1 CENCMUYECKNX Harpy3oK ornpeaensitoTCs No crekTpaM oTBeTa B 3aBUCUMOCTM OT 4acToT U popM COBCTBEHHbIX
konebaHuii cMcTembl.

3.16 meTO4 AMHaMUYecKoro aHanusa: Metoa pacyeTa Ha Bo3geicTere B hopMe akceneporpaMmm Kose-
6aHuii rpyHTa B 0CHOBaHUW Tpybonposoaa nyTeM YUCNEeHHOIo MHTErpUPOoOBaHUS YPaBHEHWI ABWKEHUS.

3.17 Harpy3ka: CunoBoe Bo3gelcTBUe, BblsbiBatoLlee nsmeHeHne HOC Tpy6onposoaa.

3.18 Harpy3ka unu Bo3ae1cTBUE HOpMaTUBHOe: Hanbonbluas Harpyska, oTBeyvatoLLasi HopMasbHbIM
ycrnosusim paboTbl Tpybonposoaa.

3.19 Harpy3Ka Unu Bo3gencTBUe pacyeTHoe: [Npor3seeHne HOpMaTUBHOW Harpysku N BO3OENCTBUSA
Ha COOTBETCTBYIOLLMIA KO3DMDULIMEHT HAAEXKHOCTH, YUUTLIBAIOLLMAIA BOSMOXHOCTb OTKITOHEHWS! HAarpysku Ui Boa-
OeNCTBUs B HEONAronpusTHyt CTOPOHY.

3.20 HenoaBwxHas onopa (MepTBas): KpenneHne Tpybonposoga, 3anpeLlatoliee NHelHbIe nepeme-
LLIeHWS 1 YrIIoBble NepeMeLLeHsl No Tpem cTeneHsamM ceobobl.

3.21 HopmaTUBHOe ANUTEeNbHOE CONPOTUBEHUE pa3pyLLeHUIo: ConpoTusneHue paspyLieHuio MaTe-
pvana Tpyb ((bUTUHIOB) C y4eTOM BHYTPEHHero gaBfieHWsl Npy 3agaHHoOM cpoke cnyx6bl Tpybonposoaa u Temne-
paTypHOM peXume ero aKkcriyartaumu.

3.22 ocuMnnATop NUHeMHbIN: JInHeiHasn konebaTenbHaa cUCTeMa ¢ 0gHOM cTeneHblo cBoboAbl, XapakTe-
pv3yemas onpeaeneHHbIM Nepruogom cobCcTBEHHbIX koneGaHui u 3aTyxaHueM (aeMnrpoBaHUEM).

3.23 otknuk: OTBETHAsA peakuma KOHCTPYKLUMK (NepeMelleHne, yCKkopeHue, BHYTpEHHee ycunue, Harpyska
Ha oropy 1 T. 4.) Ha ceicMUYeckoe BO3MyLLeHUe.

3.24 nnouwanka pa3melwieHuA Tpy6onposoaa: TeppuTopus, Ha KOTOpoW pasmellaetcs Tpybonposoa.
Unu TeppuTOpKNA, Ha KOTOPOI HAXOAUTCA COOPYXXEeHUE C pasmeLLieHHbIM BHYTpY TpybonpoBogom.

3.25 npepen npoyHocTU (BpeMeHHOe conpoTuBneHue). HopmaTtieHoe MMHUMarbHOE 3HaYeHne Hanps-
XKEHUA, NpU KOTOPOM NPOUCXOAUT paspyLLEHWE MaTepuara Npu pacTsHKEHUN.

3.26 npeaen Teky4yecTu: HopmaTuBHoEe MUHUMAbHOE 3HaYeHWe HaNPSXKEHUs], C KOTOPOro HauYMHaeTcs
WHTEHCUBHBIN POCT NnacTuieckunx aecopmMaumii Npy pacTsbkeHUuM maTepuana.

3.27 pas3xwxkeHue rpyHTa: lNMpouecc, BCneacTBue KOTOPOro rpyHT BeaeT cebs He kak TBepAoe Teno, a kak
NIoTHaA XMAKoCTb. PadxmkeHue 6onee xapakTepHo A1st HACILLEHHbBIX BNAroi Cbiny4uX rpyHTOB, TaKUX Kak Unu-
CTble NecKu UK Neckun, cogepxalume NPocsionkn HeNnpoHULAaeMbIX ANa BOAbl OTAOXEHUI. Pa3xukeHne rpyHTa
MOXEeT NPOU3OUTU BO BPEMS 3€MNETPACEHUS, NOTOMY UTO NMPU NMPOXOXAEHUN CENCMUYECKON BOMNHBI HacTULbI FPYH-
Ta Ha4nHaloT KonebaTbCA € pa3HbIMU CKOPOCTAMU U YacTb KOHTAKTOB MeXAY HUMU HapyllaeTcs, B pesynsraTe
FPYHT MOXeT CTaTb BOAOW C B3BELLEHHbIMU B HEl NeCHUHKaMM.

3.28 pacueTHana cxeMma; pacyeTHaa MoAenb: YcroBHas cxeMa (ynpolweHHaa Moaenb KOHCTPYKLUKY),
KOTOPOW 3aMEHSAT peanbHyo KOHCTPYKLUUIO ANA BINOMHEHUS1 pacHeTOB Ha NPOYHOCTL U YCTONYNBOCTb.

3.29 panoH pa3melleHun TpyGonpoBoaa: TeppuTopus, BKNOYatoLLasa nnoLwaaky pasmeLleHus Tpybo-
npoBoAa, Ha KOTOPOW BO3MOXHbI CEACMUYECKUe ABNEHUs], CMOCOBHbIe OKasaTb BAUAHWE Ha 6e30NacHOCTb aKCI-
nyatauuu Tpybonposoaa.

3.30 ceiticMmnyeckan BonHa: YNpyras BonHa B reonornyeckon cpege.

3.31 cenicMuueckasn BonHa npoaonbHan; P-BonHa: CelicMnyeckas BonHa, 3a ppoHTOM KOTOpOW Korle-
6aHMs YacTUL NPOUCXOAAT B HanpasneHWn ee pacnpocTpaHeHus!.

3.32 ce"cMuyeckan BonHa nonepeyHasn; S-sonHa: CericMuieckas BofHa, 3a opoHTOM KOTOPOW Kone-
6aHns YacTuUL, NPOUCXOAAT B HAaNpPaBNeHUW, NepneHanKyNsiPHOM HanpaeieHWo ee pacnpoCTpaHeHUs.
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3.33 ceicMuueckas BonHa Penes; R-BornHa: ViHTepdepeHUMOoHHasa BOSHA, pacnpoCcTpaHAILWAACA BAONb
cB06OAHOM MOBEPXHOCTM rPYHTA, MNONAPU30BaHHAS B BEPTUKANIbHON NNOCKOCTU. Bo3HMKaeT Npu oTpaxeHUn ry-
BGUWHHBIX BOMH OT AHEBHOW MOBEPXHOCTM rpyHTa (aHanorMyHo BoriHam Ha BoAe), Npy 3TOM aneMeHTapHas JYactuua
rpyHTa coBepLUaeT Kpyrosble ABMKEHWS.

3.34 cericmuueckan BonHa JlaBa; L-BonHa: [NonepeyHasi NOBEPXHOCTHas1 BONHa, NONApU3oBaHHasA B
rOPW30HTASIbHOW NIOCKOCTU, BO3HMKAIOLLASA MPYU HAMUYMM 30HBI MarblX CKOPOCTEW.

3.35 ceiicMuueckoe MUKpopailoHUpoBaHue: Komnnekc cneunanbHbix paboT no nporHo3vpoBaHuo
BNUSIHWSA OCOBEHHOCTER NPUNOBEPXHOCTHOrO CTPOEHUSI, CBOWCTB U COCTOSAHWUSA MOPOA, XapakTepa ux o06BoaHeH-
HOCTM, penbeda Ha napameTpbl konebaHunii rpyHTa nnowaaku. Mo NpUNoBepPXHOCTHOM YacTbio pa3pesa NOHK-
MaeTCcs BepXHsisl ToMnLLa nopog, CyLWecTBEHHO BUsIioLWan Ha npupalleHne UHTEHCUBHOCTU 3eMNeTPSACEeHUS.

3.36 ceicMUYHOCTb NroLagKu pa3meLleHUsa TpybonpoBoga: MHTEHCUBHOCTb BO3MOXHbIX CeACMUYec-
KX BO3eiCTBUIA Ha NnoLladke pasmelleHns Tpybonposoaa, uamepsemas 8 6annax no wkane MSK-64.

3.37 ceiicmocToMKoCTb TPy6onpoBoaa: CeolicTBO TpybonpoBoga CoOXpaHaTb MpU 3eMNeTPACEHUM CMo-
COBHOCTb BLINOMHATL 3aA4aHHbIe (OYHKLUWU B COOTBETCTBUM C NMPOEKTOM.

3.38 cucrema, reomeTpu4ecku usmeHsiemas: Cricrtema (B CTpPOUTENLHOW MeXaHUKe), 3SNeMeHTbI KOTOPOA
MOTYT nepeMeLLaTbcs Nog AeicTBUEM BHELWHNX cun 6e3 aedopmaumm (MexaHusm).

3.39 cucrema, MrHoBeHHO U3MeHsieMas: [peenbHbli criyyai reoMeTpUUYeCcKU HeU3MeHSEMO CUCTEMBI
(B CTpOMTENBbHOW MexaHWKe), AonycKarLLei 6eckoHeYHO Marble NepeMeLLeHus.

3.40 cucrema crepxkHeBas: HecyLlasi KOHCTPYKLUS (B CTPOUTENBHOW MEXAHUKE), COCTOALLASA U3 MPAMO-
TNIMHERHbLIX UN KPUBOTMHEHBIX CTEPXKHER, CoeanHEHHbIX Mexay coboii B yanax.

3.41 cucrtema, ctaTuyecku onpegenumasn: leomeTpuyecku HemsmMeHsiemasi cuctema (B CTPOUTENBLHON
MexaHuKe), B KOTOPOI Ans1 ornpeaeneHns Bcex peakLuii CBsA3en (YCUIUIA B OMOPHbLIX 3aKpeneHUsIX, CTePXKHSIX
W T. N.) OCTaTO4YHO YpaBHEHWUI CTAaTUKN.

3.42 cuctema, ctaTu4ecKku HeonpeaenuMas: MleoMeTpUYeckU HenaMmeHsiemasi cuctema (B CTpouTensHOM
MexaHUuKe), B KOTOpOW Ans onpeaeneHns Bcex peakLnin cBa3en (YCunuii B onopHbIX 3aKpenneHUsIX, CTEPXKHAX U
T. N.) HeoBxoANMMbI, MTOMUMO YPaBHEHWIA CTaTUKK, AOMONHUTENbHBLIE YpaBHEHWS, XapakTepusyoLme aedopmaumm
CcUCTEMBI.

3.43 cKopoCTb ceiCMUYECKON BOMHbI: BennunHa, paBHasi OTHOLLEHWUIO pacCTOSIHUA MeXay AByMs ToUKa-
MW reoniormvecko cpedsl K BpeMeHu npobera ceMcMnYecKon BOSTHBI MeXAY STUMU TOYKaMU.

3.44 coeguMHUTenbHanA aetanb: feTtans unu c6opodHas eauHuLa Tpybonpoeoaa unu Tpy6GHoi cuctemsl,
obGecneunBaroLLas M3MeHeHVe HanpaeBneHns, CIUsHUe Ny genexHve, paclinpeHne Unu cy>keHne notoka paboven
cpeabl (0TBOAbI, TPOWHWUKK, MEpeXoasl U Ap.).

3.45 cocTosiHMe ucnbiTaHuA: CocTosiHWe TpyBonposoaa nocne 3anosiHeHUsa BOAOW NN BO3AYXOM (ra3oM)
nog NpobHbLIM AaBneHWeM Npy UcnbiTaHuy TpybonpoBoaa Ha NPoYHOCTb U NITOTHOCTb.

3.46 cocTofiHMe MoHTaxHoe: CocTosiH1e Tpybonposoaa nocne sasepLleHns MoHTaxa Tpybonposoaa,
HaNOXeHWs1 TEMNMOBOW M30MSALUN, BbINOSIHEHNS NPpeaBapUTensHOR (MOHTaXHOM) pacTsbkKU, perynupoBKU BCex
MPYXMHHBIX Liener 1 3aBapky BCeX CThIKOB, MPW 3TOM TeMNepaTypHbI nepernag u TernnoHocuTtenb B Tpybax oTcyT-
CTBYET.

3.47 cocTosiHue pabouee: CocTosiHne Tpybonposoaa nocne Nepeoro pasorpesa v 3anofIHeHUA TeNSOHO-
cuTenemM, a Takke NPUNOXKEHNS APYrMX Harpy3oK 1 Bo3gencTamii (cHer, obneaeHeHWe, BeTep, ocagka onop U T. A.).

3.48 cocTosiHue xonogHoe (Hepabouee): CocTosiHUE, B KOTOPOE NepexoauT Tpybonposoa us pabovero
COCTOSIHUSI MOCIe NePBOro oXnaxaeHust (Mn Harpesa — 4151 HU3KoTeMnepaTypHbIX TPyGONpoBOAOB) A0 MOHTaX-
HOW TeMNepaTypbl ¥ CHATUSI AaBNEHUS.

3.49 cnekTp K03cppULMEeHTOB AUHAMUYHOCTU: BespasmepHbIl CNEKTP, NOyYeHHbIM AeneHneM 3Hade-
HUI cnekTpa oTBeTa Ha MakcuMarbHoe YCKOpeHUWe rpyHTa.

3.50 cnekTp oTBeTa: COBOKYMNHOCTb a6COMNOTHBLIX 3HAYEHWA MaKCUManbHbIX OTBETHbLIX YCKOPEHWA NHeNR-
HOro OCLMNNsTOpa Npy 3agaHHOM akceneporpaMmoit Bo3aencTeImM C y4eToM COBCTBEHHOMN YacToThl U NapameTpa
AeMnnpoBaHms ocLMNIsTopa.

3.51 cnekTp oTBeTa N03TaXHbI: COBOKYMHOCTEL aBCOOTHLIX 3HAYEHWUIA MaKCMalbHbIX OTBETHBIX YCKO-
pEeHWIA NIMHERHOrO OCLUMMATOPA NPU 3a4aHHOM NO3TaXHOW akceneporpamMmmon BO3AeCTBUN.

3.52 cTrepxeHb: Teno (B CTPOUTENLHOW MeXaHUKe), ANMHa KOTOPOro BO MHOTO pa3 NpPeBOCXOANT XapaKTep-
Hble pa3Mepbl ero NnonepeYHoro ceueHmsl, NP 3TOM OCb CTEPXKHS MOXET BbITb NPSAMONNHERHON NN KPUBOMUHER-
HOM.

3.53 TemnepaTypa pacueTHaa: TemnepaTtypa MaTepuana getanu, no KoTopoi BbibupaeTcsa BenuumnHa go-
nyckaemoro HanpsiXeHWsl Npw pacyeTe TONWMHbI CTEHKU U BEIMMCISIETCS TeMrepaTypHbl nepenag npu pacyete
Ha NpoYHoCTL TpybonpoBoaa.
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3.54 TonwuHa CTeHKM HOMUHanNbHasA: TonwuHa CTEHKN TPyDbl N coeauHUTENbHOM AeTanw, ykasaHHas
B cTaHAapTax UM TEXHUYECKMUX YCIOBUSIX.

3.55 yctonuuBocTb Tpy6onpoBoaa: CBONCTBO KOHCTPYKLMU TpyBonposoaa nogaepkveaTte NepeoHaYans-
Hyto hopMy ocy UN hopMy ero NoNepeyHoro CEYEHNs.

3.56 cpasoBas rpynna kpenneHui: lpynna kpenneHui, KoTopas npu ceicMmyeckom BosgencTsum Bce-
raa cMelLaeTcsl CUHXPOHHO. Hanpumep, Bce onopbl Tpy6onpoBoaa, yCTaHOBMEHHbIe Ha OAHOM aTaxe 34aHus,
CMeLLatoTCA CUHXPOHHO OTHOCUTENbLHO OMOpP, YCTaHOBMEHHbIX Ha 3emne. Bce kpenneHus, npucoegnHeHHbIe K
oHOMY 1 TOMY >Xe 060pyaOBaHWI0, TaK Xe, Kak U MepBble, CMELLATCs CUHXPOHHO, T. €. NPeAcTaBnsoT cobon
cbaszoByto rpyrny orop.

3.57 atan pacueTa: YCNOBHOe coueTaHne Harpy3ok U Bo3aencTBUiA, 0COBEHHOCTEN pacyeTHOR cxembl U
hU3MKO-MEXAHNYECKWX XapaKTepUCTUK MaTep1anoB, COOTBETCTBYOLLEE OnpeaeneHHOMY COCTOSIHWIO TpyBonpo-
BoAa (paboyeMmy, XornogHOMY, COCTOSHUIO UCTbITAHWIA U T. A.) U NCNofb3yeMoe rnpu onpedeneHu HanpskeHHo-
AebopMMpoBaHHOro cocTosHNA TpyBGonpoeoaa.

4 O603Ha4YeHUsA U COKpaLLeHusl

B HacTosiLeM AOKYMeHTe NpuMeHeHbl cnegytoiuine 0603HaveHus 1 CoKpalleHuns:

HOC  — HanpshkeHHO-OehopMMPOBaHHOE COCTOSIHME

MOH  — nocTosiHHble U ANUTENbHbIE BpeMEHHbIe Harpy3kiu

MOKOH — nocTosiHHbIe, ANUTEeNbHbIE BPEMEHHbIE, KpaTKOBPEMEHHbIE 1 0CObbIe Harpy3ku

My  — neHononuypetaH

MMM — neHononUMUHeparnbHasi U3onALuUs

CHulM  — cTpouTenbHble HOpMbI U NpaBuna

Y — TexHW4YecKue ycrnoBus

AP — MaKc/MarnbHOe ropusoHTanbHOe YCKOpeHWe Npu 3eMNeTpsceHMM Ha CBOGOAHOW MNOBEPXHOCTH
rpyHTa, m/c?

A, — yKpennsioLLas nioLaas Haknagaky, Mm?

A, — yKpennsoLLas nroLiaab OTBETBNEHUSA, MM2

Ak — MakcumarbHble pacyeTHble yckopeHus Ans k-l coopmbl konebanuid Tpybonposoga nNpu BO3AENCTBUN
BOonb j = {X, Y, Z}, m/c?

Aj yin — YCKOpeHue Hynesoro nepuoAa no Hanpasnexuio j= {X, Y, Z}, m/c?

o™ — MaKc/ManbHoe sHa4eHWe YCKopeHus criekTpa oTeeTa, m/c?

a; (Ty) — cnekTp oTBeTa (NO3TAXHLIN CNEKTP OTBETA) NPU BO3AENCTBUM B HanpaeneHun j={X, Y, Z}, m/c?

b, — LUWpUHA HaKMaaKu, MM

c — cyMmapHast npubaBska K TofILLMHE CTEHKU, MM

Cp — npubaBka Ana KoMneHcaLym MUHYCOBOTO A0MNycka U YTOHEHUS1 CTEHKU NMPU TEXHOSIOTUYECKUX onepa-
LUSIX, MM

Cy — TexHonornyeckasi npubaska K TOMNLLMHE CTEHKU, MM.

c, — npubaska AN KOMMeHcauum KOppo3nuu 1 3pO3UN, MM

D, — HapyXHblil AnameTp Tpybbl unu getany Tpybonposoaa, Mm

D — BHYTPEeHHU AnameTp Tpybbl Unu aeTtanu Tpybonposoaa, MM

DN — HOMWHanbHLIV guameTp (YCNOBHbIA Npoxoa), MM

Dy — HapyXHbl AnaMeTp KoXyxa U3omnsiumu (Npuy oTCYTCTBUU KOXYXa — HapPYXXHbIA AuameTp U3onauuu,
npv oTCYTCTBUN Usonsaumn — D, = D,)), Mm

Dp2*  — MakcumMaribHoe ropusoHTanbHoe NepemeLlieHne rpyHTa npy 3emneTpsaceHt, Mvm

d, — HapYyXHbI AnameTp OTBETBNEHUSI TPOWHMKA UK AMaMETp LIEHTParbHOMO OTBEPCTUS B 3arfyLUKe, MM

d — BHYTPEHHWI AMaMeTp OTBETBNEHUSI TPOHUKA (BPE3KM), MM

dog — 9KBMBANEHTHLIV AMamMeTp OTBEPCTUSA B AeTaNu C BbITAHYTOW rOPfOBUHOK, MM

E — MOAynb yNpyrocT matepuana Tpybbl npu pacyeTHol TemnepaTtype, MlMa

E, — Moaynb ynpyroctu matepuana npu 20 °C, MlNa
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E,.,y, — Moaysib ynpyroctu cnos nsonauuu, Mra

E., — MOoAynb YNPYrocTy NonaTuneHa BelCokon nnoTHocTy, MlMNa

F — nnoLazb NonepeyHoro Ce4eHNs!, Mm?

f; — i-vacToTa cobeTBEeHHbIX koneGanuii Tpybonposoda, 'y,

fip — j-siYacToTa Bo3MyLLaoLLei Harpysku, My

H — napameTp, XapaKTepuayoLLnii KOHLEHTPALMIO HANPsPKeHW 3rnba B TpPOMHUKe

hy, hyy  — pacyeTHble 3Ha4eHNsA BbICOTbI BHELLHEI U BHYTPeHHEe! YacTu OTBETBIEHNS TPOAHIKA, MM

I — MOMEHT MHEPLIV NOMEePEYHOro cedeHns, Mm*

A — koatbpULMEeHT MHTEHCUPUKALMMN HANPSDKEHWI OT M3rMba nonepek NiocKoCTU TPOMHKKA N 0TBOAA

i; — koadbpULIMEHT MHTEHCHPUKALMN HANPSKEHWIA OT M3rnba B NNOCKOCTW TPOWHMKA UK 0TBOAA

A — ko3 pULMEHT MHTEHCUMKALMMN HANPSKEHWUIA OT PaCTSKEHUS—CXKATUA

i — KkoadbPULMEHT UHTEHCUPUKALMI HANPSKEHWI OT KpyYeHUst

K — KO3 DULMEHT UHTEHCUPUKALIMM HANPSKEHWIA B OTBOAAX

K; — KoadbULUMEHT, yunThIBaIOL A AoMycKaeMble Heynpyrie aedopmMaLiim

ks — K03 PULMEHT KOHLIEHTPALWMN HANPSDKEHWIA NP OLIEHKe LIMKMNYECKON MPOYHOCTH

K, — KoahULMEHT rMBKOCTH OTBOAOB

Ky — K03dppMLIMEHT BEPTUKANLHOTO CENCMUYECKOr0 YCKOPEHUSA

Ky — k03hhULIMEHT, 3aBUCALLIA OT OTHOCUTENBHOTO AeMMNbMPOBaHUS B KOHCTPYKLWN &

L — [AnvHa Tpy6bl, NponeTa unu getanu Tpybonposoaa, Mm

M, — pacyeTHbI N3rnbatoLLIMii MOMEHT, AeACTBYIOLLMIA MoMepeK NNOCKOCTW TPOMHMKA U oTBoAaa, H-Mm

M; — pacyeTHbI M3rMbatoLLMin MOMEHT, AeCTBYIOLMIA B NNIOCKOCTY TPONHMKA U oTBoAa, H-MM

M, — pacyeTHbIV KPYTALLMIA MOMEHT, H-MM

M — roroHHasi macca Tpy6onposoaa, Kr/m

my — obwan macca CTPOUTENbHOW KOHCTPYKUMK ¢ chyHOAAMEHTOM, Ha KOTOpOW pacnosioxeH Tpy6o-
npoBsoa, Kr

ms — obwwasn macca Tpybonposoaa, Kr

n, — koadbUUMEHT 3anaca YCTONYMBOCTM

N — pac4yeTHoe oceBoe ycunue, H

Noi — pacyeTHoe YMCro LMKIMOB /-ro TUna, onpeaensieMoe Ha OCHOBaHWM TeMnepaTypHO UICTOpUM 38 BECh
cpok cnyx06kl Tpybonposoaa

[No; ~ — BONYyCTMMOE 4MCIIO MOMHLIX LMKOB i-ro Tuna

p — pacyeTHOe BHyTpeHHee 13bbITouHoe dasnerune, MlMa

[P — ponyctumoe M3bbIToUHOE BHYTPEHHEe NN HapyxHoe dasneHue, MMa

Pyon — npobHoe AasneHve npu ucneiTaHwsx, MMa

[Plen  — AONycTUMOE 130bITOYHOE AaBNEeHWe NPU UCTbITaHnsX, MIMa

Qp Qi — MonepeyHsle ycunus, AencTByloLLMe B ABYX B3aUMHO NeprneHanKynsipHbIX nnockoctax, H

G — pac4eTHbI NOroHHbLIN BeC TpyOONpoBoAa C TeNIoHOCUTENEM 1 u3onauver, H/mm

R — paguyc KPUBW3HbI OCEBOI NTUHUK OTBOAA, MM

r — paguyc cKpyrneHusi roprnoBWHbI LUITaMMOBaHHOrO (LUTAMMOCBAPHOIO) TPOWHMKA, MM

s — HOMWHanbHas ToNLWMHa CTeHKU TPyBbl v dbacoHHON geTanun, MM

Sp — HOMWHanbHas TOMNLWMHA CTeHKU OTBETBNEHWS TPOMHMKA, MM

Sob — pacyeTHas ToNLMHa CTEHKU OTBETBNEHWUS TPOWHMKa NMpK @, = 1, MM

Sr, SRo» — PACHETHbI® TONLMHbI CTEHOK Tpy6 1 coeanHUTENbHBIX AeTanel, Mm

S SR3

SpM .

S, — 3KBMBaNEHTHasA TOMNLMHA CTEHK/ MarucTpanu TpoiHuKa, MM

At — pacyeTHbI TemnepaTypHbIi nepenag cTeHoK Tpybonposoda, °C

¢ — pacyeTHas Temrepatypa TennoHocutens, °C

t, — MOHTaXHas (Ha4anbHas) Temnepatypa, °C

ton — MUWHUMarbHas TemnepaTypa B YCNoBUsX akcnnyartauum, °C

ton — TemnepaTypa npu ucrbsitaHusx, °C
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— Temneparypa nporpesa TpybonpoBoAa B MOMEHT 3aMblKaHWsl CTapTOBLIX KOMINeHcaTopos, °C

— k- nepropa cobcTBeHHbIX KonebaHuii Tpybonposoaa, ¢

— npegenbHOe CONPOTUBIEHNE rPpyHTa caBUTY (MpeaebHas cuna TpeHus), Himm

— CKOPOCTb pacrpocTpaHeHUsl NPOAObHbIX BOSTH, CABMIOBbLIX BOSTH M BOMH Panes, m/c

— MaKcvMMarbHasi CKopoCTb FpyHTa Npu 3eMeTpsiCEHUN, M/C

— MOMEHT COMPOTUBIEHMS MOMNEPEYHOro CeUeHNs Npu narbe, Mm®

— rny6uHa 3anoXeHUs OT NMOBEPXHOCTU 3eMITM 40 OcK TPYGbl, MM

— OTHOCUTENBHOE CYXXeHMWe NornepeyHoro ceveHns obpasua npyu cTaTUHECKOM paspyLLEeHUA B pe3yrb-
TaTe pacTshKeHWsl Npu pacyeTHOW Temnepartype, %

— KoahbULMEHT NHENHOro pactumpeHus, 1°C

— CreKTp oTBeTa (KoapdULMEHT ANHAMUYHOCTN)

— OoTHOCUTENbHOE AeMMUPOBaHME, B AOMSIX OT KOUTUHECKOTO

— 0ObeMHbIl BEC rpyHTa, H/mm®

— KoadbpMLMEHT HaAEXKHOCTIN ANS HAarpy3oK UNv Bo3gencTBUlA /-ro Tuna

— pasmMax aKBMBaASEHTHbLIX HANPsbkeHW Ans i-ro Tvna uukna, MMa

— JonyckaeMblii pasmax HanpshkeHuir, MlMa

— KoathULMEHT OTHOCUTENBHON NonepeyHol Aedopmanum ([yaccoHa)

— 6espasmepHbIi NapaMeTp, XapaKTepU3YHLLAIA MOHMKEHHYHO XKECTKOCTb OTBOAA MpY AEACTBUM U3TN-
HatoLLlero MmomeHTa

— MUWHMMarnbHoe 3Ha4YeHWe BpEMEHHOro CONpOTUBAEHUs (Mpeaena npoYHOCTI) MPY pacHeTHON Temne-
patypet°C, MMa

— MUHMManbHoe 3HaYeHue npeaena TekydecTy Nnpu pacdeTHor Temnepartype t °C, MlMa

— KOmbLieBOE MeMBpaHHOe HanpsiKeHne oT BHyTpeHHero aasneHusi, MIMa

— KOmbLieBOE M3rnbHoe HanpsbkeHne, MMNa

— CYMMa KOfbLIEBOr0 M3rnbHOro n meMmbpaHHoro HanpsixkeHusi, MMa

— 3KBMBaneHTHoe HanpsbkeHve, MlMa

— CyMMapHoe cpefjHee 0CeBoe HanpshKeHne OT BHYTPEHHEro AaBneHusl, 0CeBON cunbl 1 narnbato-
Lero momeHTa, MlMa

— paguanbHoe HanpsbkeHve oT BHyTpeHHero AasneHusi, MMa

— oceBoe n3rnbHoe HanpsbkeHWe oT BHELUHUX Harpysok, MlMa

— MeMbBpaHHoe HanpsKeHne OT BHELLHUX Harpysok, MMa

— JoryckaeMble HanpsbkeHns npu pacveTHo Temneparype v npu 20°C, MMa. Cm. 5.2.1

— fJonyckaeMble HanpsikeHWs npu ncnbitanusx (em. 9.1.3), MlMa

— [onyckaemoe HanpshxeHue Npu pacyeTHOW TeMmnepaTtype OTBETBEHWs TPOoHUKa Unu Bpe3ku, MiMa

— Jonyckaemoe HanpshkeHue B MonuaTuieHe BbICOKOM NAIOTHOCTK Npw paboyel Temnepatype, MMa

— ponyckaemoe HarnpsbkeHue B MY, MlMa

— ponyckaemoe HanpsbkeHue B MMM, MIMNa

— npegen npoyvHocTu MY Ha pacTsbkeHWe-cxaTne B paavanbHOM HarpasneHun npu 10 %-Hon
aedopmaunm, MlMa

— npegen npoyvHocTy MMM Ha pacTsikeHue-cxatue, MMNa

— ponyckaemoe HanpsikeHne ans MY Ha caBur B TaHreHLMansHoM (OKpyXHoM) HanpasneHun, MMa

— npepen npoyHocTy MY Ha caBuUr B TaHreHUMansHoM (OKpY>XHOM) HanpaeneHuu, MMa

— ponyckaemoe HarnpsbkeHune ans MY Ha casur B NpogonbHoM (BAoMNbL ocy TpyGbl) HanpaeneHwu,
MMa

— npegen npoyHocTu MY Ha casur B npogonsHoM (BAob ocu TpyObl) HanpaeneHun, MIMNa

— ponyckaemoe HanpsikerHve and MMM Ha cagur, MIMNa

— npegen npoyHocTtu MMM Ha casur, MMa

— KacaTenbHoe HarnpsbkeHue oT KpydeHus, MlMa

— KO3(OPULMEHT TPEHUS
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¢y, — KO3(PHULMEHT NPOUHOCTN NPOAOILHOTO CBAPHOTO LWBA NPU pacTsikeHU. Cm. 5.3.1
O — KO3DULMEHT NPOYHOCTU NONEPEUHOro CBApHOrO LLIBA NpK pacTskeHun. Cm. 5.3.2
Qpw — KOIDDULMEHT NPOHHOCTU MONEPEYHOro CBApHOTo LWBa npuy usrnbe. Cm. 5.3.7

@ — Kk03ahpULMEHT NPOYHOCTM ANIEMEHTA C YITOBbLIM CBapHbIM LWBoM. CM. 5.3.8

@y — K03hbdMUMEHT NPOYHOCTY anemeHTa, ocriabneHHOro oTBepcTMeM

®, — napameTp BHYTPEHHEro JaBreHust

®, — Kpyrosasa4actoTa k-1 (hopmMbl COBCTBEHHBIX konebaHuit, pag/c

f, — TexHwdeckas yactoTa k- chopmbl konebaHuid, My

fyun — 3HAYEHUe YacToTbl, COOTBETCTBYIOLLEE KYCKOPEHUIO HYNIEBOro nNeproaax Ha cnekTpe, My

®rp — YroNn BHYTPEHHEero TpeHusa rpyHTa
5 06|.|_W|e nonoxeHvws

5.1 OCHOBHbIe NOMOXEeHUA pacyeTa Ha NPOYHOCTbL

5.1.1 3a npaBWUIbHOCTb NPUMEHEHWUS HAacTosILLEro cTaHAapTa HeceT OTBETCTBEHHOCTL NpeanpusTne unu
opraH13aLus, BbIMOMHSIBLUWE pacyeT.

5.1.2 Bbibop oCHOBHbIX pa3MepoB Tpyb 1 AeTanei no pacHeTHOMY AaBMEHWIO U pacdeTHOW TemnepaType ¢
Y4€TOM KOPPO3NOHHOW aKTUBHOCTM TENIoHOCUTENS (ANA CTanbHbIX TPY6) cnegyeT NponsBoAWTL COrfacHo pas-
peny 7.

5.1.3 PacueT Ha npo4HOCTE Tpy6OMpoBOAOB NpY NPOEKTUPOBAHUM NPOBOANAT B ABa 3Tana:

1) onpegeneHve TOSLWMH CTEHOK TPY6 1 AeTanei cornacHo pasgeny 7;

2) NoBepOo4HbLIN pacyeT Ha NPOYHOCTL U YCTONYUMBOCTL Tpybonposoaa cornacHo pasgenam 8—10 ¢
y4eTOM Harpy3oK U BO3AENCTBUIA, BO3HUKAIOLLMX NPU CTPOUTENLCTBE, UCMIbITAHWUAX U SKCNIyaTauuu, onpeaens-
eMbIX cornacHo pasgeny 6.

[Mpw oLeHKe NPOYHOCTM TPYBONPOBOAOB AOSHKHBI MOMHOCTLIO YAOBNETBOPATLCA Kak Tpe6oBaHus pacyeTa no
TOMLLMHAaM CTEHOK, Tak 1 MOBEepOYHOro pacyeTa.

5.1.4 Llenbto noBepoYHOro pacyeTa siBMASIOTCS:

1) oLleHKa CTaT4eCcKo 1 LMKuYecko NpodHocTM Tpybonposoaa (pasaen 8);

2) oLieHKa cTaTn4ecKo MpouHocTy TpybonpoBoaa B pexXnmMe UcrbITaHui (pasgen 9);

3) oLeHKa NpoaonLHONW ycToumBocTH Tpybonposoaa (pasaen 10);

4) oLleHKa NPOYHOCTM OT CeCMUYECKIX BO3AeCTBUIA AN Tpy6onpoBoAoB, PACNoNOXEHHbIX Ha Nno-
Wagkax ¢ cecMudHocThio 7, 8 1 9 6annos no wkane MSK-64 (pasgen 11);

5) oueHka paboTbl kKoMneHcaTopo. (cM. 8.5);

6) oLieHKa HarpysokK, AeCTBYIOLLMX CO CTOPOHbI TPYBOMNpoBoAa Ha onopbl, KOHCTPYKLIMK U Npucoeaun-
HeHHoe o6opyaosaHue (cM. 5.1.6);

7) oLeHKa nepemMeLLeHniA Touek Tpybonposoga (cm. 5.1.5).

5.1.5 fonyckaeMble nepemeLleHns Tpybonposoaa (Mpornd, casur, cMeLLeHne 1 T. 1N.) onpeaensioT, Mcxoas
13 criegyoLLMX NPUHLMMNOB:

- KOHCTPYKTUBHBIX — 0BecrnedeHne HEOBXOAUMBIX YKITOHOB, OTCYTCTBUE 06pa3oBaHWsi 0GpaTHOro yKNoHa u
«KapMaHoB», cobrogeHve HeoBXxoanMbIX 3a30P0B MeXay TPYGOnpPoBoaOM v Npovnm oGopydoBaHuem, cobntoge-
Hve 6e3onacHoro paccTosiHNA 4o Kpast onop (NpedoTepallieHue nageHus Tpybonposoaa c onop) U T. 4.;

- 9KCMNyaTaUMOHHbIX — oBecredeHune yCroBuii HopMarbHOM aKkcnnyaTauum Tpybonposoga n o6opyaoea-
HWS1, AOCTYNa K apMaType, KOHTPObHO-M3MepUTENbHLIM Npubopam;

- acTeTn4ecknx — obecredeHne GraronpusTHOroO BrieYaTIeHNs OT BHeLLHero Buaa Tpybonposoaa, ycTpaHe-
HVe OLLYLLeHUsi oacHOCTW (HanpumMep, B criyyae crinwkom 6onbLumnx npornbéos).

5.1.6 3HayeHuUs JonyckaeMblX Harpy3ok Ha ornopbl U NPUCOEAUHEHHOe K TpybGonposoay obopyaoBaHue
yCTaHaBNMBatOT 3aBOAbI-M3rOTOBUTENM UM HOPMATUBHAS JOKYMEHTaLWMS.

B cnyyae oTcyTCTBWS AaHHbIX pekoMeHayeTCs:

- NpOBEPSATb HarpyskM Ha naTpybku (LUTyLepbl) COCYAOB W annapaToB C MOMOLLLIO crielnanbHbIX
nporpamMm 1 MetogoB pacdeta cornacHo MOCT P 52857.3 nFOCT P 52857.9;
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- NPOBEPSITL Harpy3Kkn Ha NaTpybKN HACOCOB COrNacHO cTaHAapTam U TEXHUYECKUM YCIIOBUAM UK Mo
COornacoBaHuIo C 3aBOAAMU-U3rOTOBUTENSMM.

5.1.7 Ons npeaBapuTenbHON pacCcTaHOBKM MPOMEXKYTOUHBIX OMOP PEeKOMEHAyeTCs UCMONb30BaThb NpUioxe-
Hue B.

5.1.8 PacyeT HasHa4yeHHoro pecypca TpybonpoBoaa Npon3BoasT COrNMacHo NpUoXeHuto E.

5.1.9 MoBepouHbIi pacyeT bk TEMMONPOBOAOB U3 NONUMEPHLIX TPYG (pasgen 12 u npunoxenve M) npe-
AycMaTpurBaeT OLEHKY WX HecyLlell crnocoBHOCTU 1 JONTOBEYHOCTH NPU MOCTOSAHHON 1 NepeMeHHo paboyei
TemnepaType, a Takke onpeaeneHne Harpy3ok Ha HenoABUXKHbIE OMopsbI.

5.1.10 MNoBepoyHbI pacyeT Ha NPOYHOCTE TPYBOMPOBOAOB U3 TMBKUX CTanbHbIX rodpupoBaHHbIX TPYO (pas-
aen 13 v npunoxexue B) npeaycMmaTprBaeT OLLEHKY CTATUYECKOW MPOYHOCTY, a TakKe onpeaeneHne Harpy3ok Ha
HenoaABWKHbIE OMopbl.

5.1.11 MNporHo3npoBaHWe HapaboTKM Ha 0TKa3 nocre NpoBeAeHUs TMAPOUCTIbITAHUIA NPOBOAAT COrNacHo
npunoxexuto I.

5.2 [lonyckaemble HanpsbkeHuUs

5.2.1 PacueTbl cTanbHbIX TPY6 1 coegMHUTENBHBIX AeTanel TenmnoBbIX CETeR Ha MPOYHOCTL NPOBOANAT MO
HOMWHambHbLIM 4OMYCKAaeMbIM HanpPsPKeHMAM. HoMuHanbHble gonyckaemMble HanpshkeHus [G], Ans aneKkTpoceap-
HbIX TPY6 1 aeTanei, Hanbornee YacTo NPUMEHSIEMbIX B TEMJIOBLIX CETSX, NpUBeAeHbI B Tabnuue 5.1.

Mpun HeoBXoANMOCTMN UCMOSb30BATbL CTaNIM, MapKku KOTOPbIX HE NpBEAeHb! B Tabnnue, HoMUHanbHbIE gonyc-
KaeMble HanpsPKeHUs BBIMUCTISIOT Mo popmMyre

— min | Set. Cpit ) 5.1
[o]—mln(2y4,1’5) (5.1)
Tab6nwuua 51— Jonyckaemble HaNpskeHUs
Temnepatypa, °C [Honyckaemble Hanpsbkenus [o], MlMa
Ct3cn 10 20 oorac 171C, 17T1C, 17T1CY
20 140 130 150 180 187
100 131 125 147 170 177
150 125 122 143 160 171
200 117 120 140 150 165
250 107 108 132 145 156

Ecnu xapakTep1cTUKX NPOYHOCTY MaTepurana npyu pacyeTHoi TemnepaTtype OTCyTCTBYHOT, AonyckaeMble
HanpspkeHUs1 ornyckaeTcs onpeaensitb ¢ UCNONb30BaHUEM XapakTepUCTUK MPOYHOCTY Npy Temnepatype 20°C

[6] = A min (;’—4 ; g), (5.2)

roe Ay — koadbMUMEHT NpUBEAEHUS AOMYCKAeMOro HanpsbkeHWs K pacyeTHol Temneparype (Tabnuua 5.2). Xa-
PaKTEPUCTUKN NPOYHOCTU Gy, Gy, O U G, NPUHUMALOT MO CTAHAAPTaM, HOPMANSAM UMW APYTUM HOPMATUBHBIM
AOKyMeHTam Ha TpyObl 1 AeTanu.

5.2.2 XapaKTepUCTUKU MPOYHOCTU 1 AOoNyCcKaeMble HaMPsbKEHUSI MaTepuanoB U KOHCTPYKLIMIA C MPOMbILLIIEH-
How MMY-usonaunert no MOCT 30732 npu pacyerHoi Temnepatype 140 °C npuvHUMalOT B COOTBETCTBUU C
5.2.3—5.2.4, anpu pacdeTHoi TemnepaType 150 °C — cornacHo npumevdannio k 5.2.4. KoacduumeHTtrl 3anaca
no npegenam NPOYHOCTU Ha PacTsKeHUe, cXaTue U CABUM MPUHUMAIOT PaBHbIMA 2.

5.2.3 ina nonuaTuneHa BLICOKOW NIOTHOCTU NpeAeribHoe OTHOCUTEeNbHoe yanuHeHue coctaenseT 3 %. [MNpu
3HauyeHUn Moayns ynpyroctu E,, = 800 MlMa gonyckaemoe HanpsbkeHWe coctaensieT

6]y, = 800 G5 = 12 MMa. (5.3)

Mpu aerictenu narnbatowero MOMeHTa pacyeTHoe HanpshkeHNe MOXeT NpesblwaTth gonyckaemoe Ha 40 %
6 = 1,4 [0]- (5.4)
9
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Tabnuua 5.2— KoacdhduumeHTsl NpuBeaeHNA K pac4eTHON Temneparype Ay

Cranb
Temneparypa, °C Yrnepogucras Yrnepogucras kayecTBeHHas ¢ Yrnepoguctan HU3KONErMpoBaHHas MK
06bIKHOBEHHOTO cofepxaHuem yrnepoaga, % JIeTUpPOBaHHan ¢ cofepxaHuem yrnepoaa, %
rasecrea 0,07— 0,14 0,17— 0,24 0,07— 0,12 0,14 — 0,20
20 1,00 1,00 1,00 1,00 1,00
100 0,943 0,961 0,980 0,944 0,946
150 0,893 0,938 0,953 0,889 0,914
200 0,836 0,908 0,933 0,833 0,882
250 0,764 0,861 0,880 0,806 0,834

5.2.4 Ona MY gonyckaemele HanpsbkeHusl, MMa, coctaensioT (koadbduumeHTI 3anaca no npegenam Npoy-
HOCTU Ha pacTskeHWUe, cxXaTue 1 COBUT NPUHMMAIOT PaBHbLIMU 2)

o 03 _
[G]nny = 102/r|nn = -5 = 0,15, (55)
Tet _ 013 _
el = % =5 = 0,065, (5.6)
Tzt _ 0,08 _
[t,]= 55 =5 =0,04. (5.7)

Mpumeuyanne— [pu pacyetHon Temneparype 150°C v Bblwe 3HAYEHUA G1o/nys Ot Ozt AOMYCKAETCA
npuHUMaTe cornacHo ceptudukaty Ha MY cooTBeTCTBYIOWEN peLenTyphbl.

5.2.5 Ona NrM-n3onauum gonyckaemble HanpsbkeHus, MMa, coctaenaioT (koadpdpuumeHTrl 3anaca no npe-
Aenam NpoYHOCTY Ha pacTsikeHue, CKaTue U COBUT MPUHUMAIOT paBHbIMA 2):

12 _
(Oloom = O_rglm =2 ~ 0.6, (5.8)
[l = 5 = % = 0,15. (5.9)

5.2.6 Ans Tex maTepuasnos 1 KOHCTPYKLMIA, KOTOpbIEe B HACTOSALLIEM CTaHAApTe He YKasaHbl, AaHHble onpege-
NAOT Mo CrnPaBoYHbLIM M 3KCNEPUMEHTANbHBIM AaHHbIM.

5.3 KoadhbchpuMeHTHLI NPOYHOCTU CBapHbIX COeAUHEeHUA

5.3.1 KoaghchnuneHT NpoYHOCTW NPOAOIILHOTO CBAPHOTO LWBA )15 31IEeKTPOCBapHLIX TPY6 1 aeTanei @, npu
pacTsxeHWUW onpefensoT cornacHo 5.3.4 — 5.3.6. [ina 6ecluoBHbIX TpY6 1 AeTaned ¢, = 1.

5.3.2 KoathpuumeHT npoyvHOCTU nonepeyHoro cBapHOro LWBa Tpyd @, Npy pacTaXeHuu onpeaensioT
cornacHo 5.3.4 — 5.3.6. Mpu cxatun npuHumarot @, = 1.

5.3.3 Mpu pacyeTe Ha BHYTpeHHee AaBneHue Tpy6 1 LNIMHAPUYECKMX AeTanew He yuuTbiBaeTca nonepey-
HbIN WOB, a NpU pacyeTe Ha 0ceBoe ycune — NpoAosbHbIN LLOB.

5.3.4 KoathpnumeHTbI NPOMHOCTU @y, @y, AN1SA CTBIKOBbLIX CBAPHBIX COEANHEHUI NPU PACTSHIKEHUM, BLIMNOSHEH-
HbIX N0 6LIM AONYLEHHBIM CNOCO60OM (aBTOMaTUYECKON, NONyaBTOMaTUYECKON UNKU PYHHOW AYroBOW CBaAPKONA),
obecneunBaroWwMM NOMHLIA NpoBap MO BCell ANUHE CTHIKYEMbIX 3NIEMEHTOB, 3aBUCUT OT 06bemMa KOHTpons
KavecTsa Wea paguorpaduein unu ynbtpassykom. PekoMeHayeMble 3Ha4eHUs:

- Npu nonHom koHTpone 100 % AnuHbI wea — 1,0;
- Np¥ BbIBOPOYHOM KOHTpone He MeHee 10 % anuHbl wea — 0,8;
- NP OTCYTCTBUN KOHTPONA UK NpuY BbiIbopodHoM koHTporne meHee 10 % anuHbl —0,7.

5.3.5 Mpu HanUuuK cMeLLeHNA KPOMOK CBapHBIX TPY6 KoahULMEHT NPOYHOCTN CBAPHOTO COEANHEHWS @,
onpeaeneHHbIN B COOTBETCTBUM € 5.3.4, A0MKeH BbITb YMeHbLLIEH MPOMopLMOHANbHO CMELLIEHUIo KpoMoK. Hanpu-
Mep, NpyU cMeLLeHUn KpOoMOoK Ha 15% 3HaveHue koadbdrumeHTa @, A0MKHO BbITb YMHOXEHO Ha 0,85.

5.3.6 YcuneHue ceapHoro WBea npu onpeaerneHnn koahULMEHTOB MPOYHOCTU @y, ¢, HE YUUTLIBAIOT.

5.3.7 KoachcpuupeHT npouHOCTU NoNepeyHoro cBapHOro CThika Tpy6 v aeTtanei npu usrmbe ¢, onpeaensiior
B cooTBeTCTBUM € 5.3.4 — 5.3.6, HO He Bonee 3HaYEHUIA:
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- ans 6ecluoBHbIX TPY6 — 0,9;
- Ansi anekTpocsapHbiX — 1,0.
5.3.8 KoadhdbrLimeHTLI NPOYHOCTY @, ASA YITOBbIX Y TABPOBbIX CBAPHLIX COEAWHEHWIA Ha BCe BUABI Harpy-
30K, KpOMeE CXaTusl, NPUHUMAtOT B COOTBETCTBUM € 5.3.4 — 5.3.6, HO He Bonee cnegyroLmnX 3HaueHNIA:
- Npw nonHom koHTporne 100 % AnuHel wea — 0,8
- MpY BbIBOPOYHOM KOHTPOE UK MpU OTCYTCTBUM KoHTpons —0,6.
5.3.9 KoathduumeHT NpoYHOCTM CBapHOro LWBa Ansi CoeAUHEHUI B HAaXEeCTKY MPUHUMAIOT B COOTBETCTBUN C
5.3.4 —5.3.6, Ho He Gornee 0,6.
5.3.10 JonyckaeTcs npuHUMaTh ApYyrie sHaueHnsi Ko PULIMEHTOB CHKEHWS MPOYHOCTU CBapHbIX coeu-
HEeHWIA C y4eTOM YCIIOBWIA SKCMNyaTaluy U noKasaTenen kayecTsa afieMeHToB TpybonpoBodos..

5.4 PacyeTHasa U HOMUHaNbHasA TONWMWHA CTEHOK 3NIEMEHTOB

5.4.1 Ina onpeaeneHns pacveTHOW TONLMHbEI CTEHKU Sg 3aneMeHTa Tpybonposoaa ncnonbayioT hopmyribl
pasgena?.

5.4.2 HoMyHanbHyo TONLWWMHY CTEHKW TPYObl Unn geTanu Tpybonposoaa S onpeaensioT ¢ y4eTom cyMmap-
HoI NpunbaBKK, MCXoAnA 13 yCroBus

Ss=2sg+c, (5.10)

C OKpyrreH1neM 4o 3HadeHst brukaniilen 66nbLIein ToNWWHBI CTEHKM Mo cTaHAapTam U TEXHUHECKUM YCITOBUSAM
Ha copTaMeHT Tpy6 1 geTanei. [JonyckaeTcs OKpyrieHWe B CTOPOHY MeHbLUEH TONLWMHbLI CTEHKW, €CNU pasH1La He
npesbiwaeT 3 %.

HavmeHbLUuMe 3HaueHNst HOMUHAMNBHOW TOSLLMHBI CTEHKW TPY6 U coeanHUTENbHBIX AeTanel S B 3aBUCUMO-
CTV OT HapyXHoro gnametpa D, npveedeHsbl B Tabnuue 5.3.

Tabnwuuya 5.3 — HaumeHbluasi HOMMHANbHAs TOMWMHA CTEHKN

D,, mm <38 <51 <70 <90 <108 > 108

S, MM 1,8 2,0 2,5 3,0 3,5 4,0

5.4.3 CymmapHyto npnbaBsKy K TONWUHE CTeHKW € BbIYMCNSAOT Mo dopmyne
C=0Cq+ 0y, (5.11)

rae ¢, — cyMma npubaBok Anst KOMNeHcauum 4onycka Ha MUHUMAIbHYHO TOSLLMHY CTEHKM 3aroTOBKU Cqq U MaKcy-
MarnbHOro yTOHEeHUsI MpY TEXHONOMMYECKUX ONepaLsiX Cqp;
¢, — NpvnbaBka Ans kKoMneHcaLuum Koppo3sun, NpuHUMaemas cornacHo 5.4.7—5.4.9.

5.4.4 Ans getanei Tpy6onpoBoAos, NonyvaeMblx CBapKoW 13 Tpyb (CeKTopHble 0TBOAbI, CBapHbIE TPOUHM-
K1), NpubaBeka ¢4 paBHa A4OMYCKY Ha MUHUMAILHYH TOSLLMHY CTEHKM TPYObl 3aroTOBKM MO cTaHAAapTaM Uik TEXHU-
YECKMM YCIOBUSIM.

5.4.5 Ans petanel Tpy60npoBOAOR, U3roTOBMASIEMbIX U3 TPYO NyTeM ropsiyero Unm xonogHoro gecopmmnpo-
BaHUS (KPYTOU3OTHYThIE OTBOAbI, LUTAMMOBAHHbIE TPOWHUKK), NpubaBka ¢, paBHa A0MYCKY HAa MUHUMANbLHYHO TOM-
LLIMHY CTEHKK, YKa3aHHOMY B COOTBETCTBYHOLLMX TEXHUYECKUX YCIIOBUSAX.

5.4.6 [ns rHyTeIX 0TBOAOB Npubaska ¢, paBHa CyMMe AOMYCKOB Ha MUHUMAIIbHYIO TONLMHY CTEHKW Tpy6bl-
3aroTOBKW Cqq U MAKCUMAasIbHOMO YTOHEHWS MpW TMBKe Ha CTaHKe Cq,. [ocneaHIon BeNUMUYUHY NpU OTCYTCTBUK
cneumanbHbeIX yKasaHWin onpegenstoT BblpaXkeHWeM ¢y, = s/(1 + 2R/D).

5.4.7 Mpu HanMunM BHYTPEHHEW N HAPYXXHOI KOpPO3nM CyMMapHyto Npubasky ¢, AonyckaeTcs onpeaenstb

rno cbopmyne C, = ,,031 + 0222 , y‘WITbIBa}OLLLeIZ Masnyto BEPOATHOCTbL OQHOBPEMEHHOIo AOCTUXKEHNA MakKCuMarib-

HOW BEMMYMHBI BHYTPEHHEN U Hapy>XHO KOPPO3nU B OOHOW U TOW XKe TOUKe.

5.4.8 ina Tennonposogos ¢ pabounm gasneHvem < 1,6 MINa gonyctrmas ckopocTb BHYTPEHHER Koppo3un
coctasnsiet v4 = 0,085 mm/rog [1]. Mpu cpoke cnyx6bel {, = 30 neT cooTBeTCTRYOLLAas NpmbaBka Ha KOPPO3nto
COCTaBWT Cyq = vy = 300,085 = 2,55 mMm. [MpUn HanmM4Mn TEXHUYECKON BOZMOXHOCTU YMEHbLUEHUS1 CKOPOCTU
BHYTPEHHEN Koppo3nK AoMycKkaeTcs NPUHUMATb WHble 3HaYeHus v, Ho He MeHee 0,03 mm/rog.

5.4.9 CkopoCTb HapYyXXHOW KOPPO3WNU vV, NPUHVMAIOT B COOTBETCTBUM C HopMamu [2]. CooTBETCTBYIOLLYIO
nNpnbaBky Ha KOPPO3UIO BLIMUCASIOT Mo opMyne Cy, =t v,. Ana Tpybonposogos c MIMY-usonsauunei no
FOCT 30732 pacyeTHyt CKOPOCTb HapPYXXHOI KOppPOo3uK AoMycKaeTcs NPUHUMATL PaBHOW v, = 0.
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6 Harpy3ku v Bo3aencTBusA

6.1 Knaccudpukauua Harpy3ok u Bo3aencTBumn

6.1.1 Pac4eTHble 3Ha4YeHUs1 Harpy3oK U BO3AeUCTBUIM onpeaensaoT NyTeM YMHOXEHUSI HOPMAaTMBHbIX 3HauYe-
HWUIA Ha KO3 DULMEHTLI HAAEXHOCTH ;. B 06ocHOBaHHBIX Criyyasix gonyckaeTca NpUHUMAaThL Apyrue sHayeHus
K03thPULMEHTOB HAAEXKHOCTU.

Tab6nuya 6.1 — KoachbuuneHTsl HagexXHOCTH AN Harpy3oK n BO3AenCTBUA

Cnoco6 npoknagku

HopmaTtusHbie Harpysku u Bo3gencTsus Koachchu-
LMEHT Ha-
Bun Wndop XapakTepuctuka Becka- B Hapnsem-
HanbHLIA | Kkanane HBbIiA ASXHOCTH 7;
1 CobcTBeHHbIN BeC TpyD, AeTanen, apma-
Typbl U 0BYCTPOWCTB + + + 1,1 (0,95)
Bec uwsonsauun + + + 1,2 (0,9)
3 Bec n paBnenue rpyHta + — — 1,2 (0,8)
MapaHTupoBaHHaa npegBapuTenbHas
MocTosiHHbIE pacTspkka U CMeWweHusa KpenneHnn (kpome
cMelleHun ¢ wudpom 10) + + + 1,0
5 Cwvrnibl TPEHUSA B ONOPax CKOMNBXEHUA Unu
npy B3anMo4encTBUM C rpyHTOM (HeckaHarb-
HasA npoknajgka) + + + 1,0
HaTtsar ynpyrux onop — + + 1,0
BHyTpeHHee aaBneHne®; pacnopHbie ycu-
NINS1 OCEBbIX KOMMEHCATOPOB + + + 1,0
[nuTensHbie Bec TennoHocutens + + 1,0 (0,95)
BpeMeHHbIe TemnepatypHbii nepenag* + + 1,0
10 CmMelleHust KpenneHui Npu Harpeee Npu-
coeMHeHHOro o6opynoBaHus + + + 1,0
11 CHeroBas — — + 1,4
12 FononepHas — — + 1,3
13 BetpoBas — — + 1,4
Kpatkospe- 14 Mpu cpabaTtbiBaHUM NpeaoXpaHnTEenb-
MEHHble HOro KnanaHa — + + 1,4
15 OT noaBuMXHOro cocTasa + — — Cm. 6.2.13
CencMmnyeckne BO3AEUCTBUST; Mapaenu-
YEeCKUN yaap; B3pbIBHbIE BO3AEWCTBUA; Ha-
Ocobble 16 rPy3KW, Bbi3bIBAEMbIE PE3KUMU HAPYLIEHUA-
MM TEXHOIIOrMYeCcKoro npouecca, BPpemeH-
HOW HEUCNPaBHOCTLIO UMK MONOMKON 060-
pyooBaHusi + + + 1,0

MpumeuvaHnwnsa
1 3HaK «+» O3HAu4aeT, YTO [JaHHYI0O Harpy3Ky Wnv BO3AEWCTBUE YUWUTLIBAIOT B pacyeTe Ha NPOYHOCTb, a 3HaK
«—» YTO HE YYNTLIBAIOT.
2 Bo3aencreusi, NOMeYeHHbIE 3HAKOM «*», MOryT ObiTb Taloke OTHECEHbI K KaTeropuu KpaTkoBpeMeHHbIX BO3-
aencteuin. Hanpumep, KpaTkoBpeMeHHOe MOBbILWEeHNe TemnepaTypHoro nepenaga ao 150 °C B ctaneHbix Tpybonpo-
eopax GeckaHanbHoOW npoknagku u go 100 °C B TpyGonpoBoaax u3 rmbimx nonuMmepHelx Tpy6, a Taioke KpaTkoBpe-
MEHHOE MOBbIWEHWE AABMEHUS B PEXUMe MMAPOUCTIBITAHUIA.
3 Harpysku u Bo3aeiCTBUSA MOTYT GbiTb OTHECEHbI K KPATKOBPEMEHHBLIM, €CNU OHWU AencTByloT meHee 1 vaca
noapsaa v B cymme mexee 80 vacos B rog.
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YunTbiBaeMble B pacyeTax Ha CTaTUYECKyo U LIUKIMYECKYHO MPOYHOCTL Harpy3ku 1 BO3AEWCTBUS, a TaKkke
COOTBETCTBYIOLLME UM KO3DDULIMEHTLI HAAEKHOCTU ; NprBeAeHbI B Tabnuvue 6.1. 3Ha4yeHUs koadppULIMEHTOB Ha-
AEKHOCTU MO Harpyake, ykasaHHble B ckobkax, A0MKHbI MPUHUMATLCS B TeX cryyasix, Korga yMeHbLUeHne Harpys-
K1 yxyaLlaeT ycrnosus paboTsl Tpybonposoaa.

6.2 HopMaTUBHbIe Harpy3Ku

6.2.1 PacyeTHoe gaBneHue p 1 pacyeTHas TemMneparypa f npu oLeHKe NPOYHOCTU 1 onpeaeneHn Harpy3ok
Ha omopbl ¥ CTPOUTENBHbBIE KOHCTPYKLWM NPUHUMAIOT paBHLIMW COOTBETCTBEHHO pabodeMy daBneHuto 1 paboyeii
TemnepaType corfacHo [2] u TexHnYeckumy TpeboBaHNAMK Ha NPOeKTUPOBaHME.

6.2.2 MNpu pacyeTe TpybonpoBoaa B pexunMe UCTbITaHNs pacHeTHYH Temnepatypy t,., NPUHUMAIOT B COOT-
BeTCcTBUM C [3], @ npobHOoe gaBneHune p,., B cootBeTcTBMM C [3] 1 9.1.1—9.1.2.

6.2.3 Ecnu Ha anemeHT TpybonpoBoaa AelcTByeT rmgpoctTaTnydeckoe aasnexHne, coctasnsiowlee 5 % u
BblLLe paboyero AaBneHuns, To pacdeTHoe AaBreHue afieMeHTa 4OHKHO GbiTh MOBLILLEHO HA 3TO 3HaYeHWe.

6.2.4 HopmaTunBHble Harpyskn oT cobcTBeHHoro Beca getarnei Tpybonpoeoaa, KOHCTPYKLWIA 3aBOACKOrO
W3roTOBSIEHWS U U30IALUK AOMKHBI ONPeAensTLCA Ha OCHOBaHWM CTaHAAPTOB, paboumx YepTexei 1 NacrnopTHLIX
AaHHbIX N0 HOMVHaMbHBIM pasmepam, OT Beca ApYrix getaner — no NPoekTHLIM pasMepam U yaenbHOMY BeCy
mMaTepuanos.

6.2.5 HopmaTuBHble Harpysku 1 Bo3gencTBUS OT MpeABapUTENbLHON pacTsbkku TpybonpoBoaa, pacTsaxkKu
KOMMeHCcaTopoB, CMELLEHWIA KpeneHUA M HaTsra ynpyrx ornop, obycrioBrneHHOro ux perynmpoBKoi, onpeaenseT
MPOEKT.

6.2.6 HopmaTnBHOe 3HaveHWe Beca AeTanei u KOHCTPYKLUIA 3aBOACKOro 3roTOBIEHUS onpeaensioT Ha
OCHOBaHWW CTaHAapToB, pabouvx 4YepTeXel WU NacnopTHbIX AaHHLIX 3aBOAOB-U3roToBUTEnen. [pyrux
Aetanein — o NPOeKTHbIM pasmMepam 1 yaensHOMY BeCcy MaTepuasnos.

6.2.7 PacueTHbl TemnepaTypHbI nepenag Af paBeH pasHuLie Mexay pacyeTHOW TeMnepaTtypow TensioHo-
cutens t (Mnv TemnepaTtypon nNpu UcnbiTaHunsx t,.,) U HayanbLHoW Temnepatypon t,: Af=t—t,.

6.2.8 HavanbsHyto Temnepatypy I, criegyeT NpUHUMaTh paBHON TeMnepaType oKpyxaloLlero Bosayxa B
MOMEHT, Kora 3amblkaeTcsl NocneaHuiA CTbiK NPy MOHTaxe TpybonpoBoaa 1 ero cxema npeBpallaeTcs B Hepas-
pesHyto cTaTUyeckn Heornpegenumyto cuctemy. MNpu HanMuUM AaHHLIX 0 KaneHgapHOM Cpoke 3aMblkaHus Tpy6o-
nposoda AoryckaeTcs t, YyTOUHATb B COOTBETCTBUN C 3TUMU AAHHBLIMUW, @ NPU OTCYTCTBUM TakUX AaHHLIX A5
HasHadeHwWs f, JonyckaeTcsl MpYHUMAaTbL HadanbHYl TemnepaTypy B XofiogHoe Bpemsi roga cornacHo 8.6
n 8.7 [4].

B no6om cnyyae f, npyHMMaloT He MeHee YeM MUHUMarbHas TeMnepaTypa oKpyXKatoLLero Bosyxa, npu
KoTopolt AonyckaeTcs NpoBeAeHWe MOHTaXHbIX U CBApOYHbIX paboT. B aToM cnyyae B npoekTe A0MKHO bbITh
yKasaHo, YTo 3amblkaHue Tpy6onposoaa He AOMKHO MPOU3BOAUTLCS NpK TeMNepaType oKpyxXaloLLero Bo3ayxa
HUXe, YeM MpUHAToe 3HaveHue t,.

B oTAenbHbIX Cryqasx B kKa4ecTse {, MOXHO MPYHUMATL PpacHeTHYIo Temneparypy Ao Hadyana oTonuTenbHo-
ro nepvioga t,, UN TemnepaTypy OKpyxatoero Bo3gyxa npu npoBeeHUy aBapuitHO-BOCCTAHOBUTEbHBLIX
pabor.

6.2.9 HopmaTuWBHYt0 Harpysky oT Beca rpyHTa Ha eguHuULy AnnHel Tpybonposoda, H/mm, yknagsisaemoro B
TpaHLUee, BbIYUCISIOT o dhopmyre

G = erZ'Dk' (6.1)

6.2.10 HopmaTuBHYto CHEroByto Harpysky Ha eauHULY AvHbl Tpy6onposoaa HagdeMHol npoknaaku, Himm,
(akTyansHo gnsa Tpy6 c MMY-usonsumeii n 3awmtHoh 06onouKkon 13 oumHkosaHHom ctanu no FOCT 30732) cnegyeT
onpeaensTs no opmyne

G = 0,785,107 D, (6.2)

roe S, — BEC CHeroBoro nokposa Ha 1 M2 ropu3oHTanbHo NoBepXHOCTY 3eMnu B KMa, NPUHUMAeTCA B 3aBUCH-
MOCTW OT CHEroBOro paioHa no [4];

L — KoahbpULMEHT Nnepexoda oT Beca CHEroBOro Nokposa Ha eAUHWLY NOBEPXHOCTU 3EMIN K CHEroBoH
Harpyske Ha eaVHULLY NOBEPXHOCTM ropU3oHTarbHOM MPOEKLMM KoXyXa Usonsuumn Tpybonposoda, NpuH1UMaroT
paBsHbiM 0,4.

Takke pekoMeHayeTcsl y4MTbIBaTb CHETOBLIE Harpy3ky Ha onvparoLlmecs Ha Tpybonposog obycTpoiicTaa,
KoTopble onpeaenstoT cornacHo [4].
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CHeroByto Harpysky He yunThIBaloT 4l TpybonpoBoaoB, TemnepaTypa NoBepXHOCTU M3oNsaLmMK (ecnm oHa
€CTb) U TeMnepaTypa CTEHOK (ecin n3onsaumm HeT) KoTopbix npesbiwaeT 0 °C, Ans BepTuKanbHbIX U HAKMOHHbBIX
Tpy6onpoBOAOE C YoM HakroHa 6onee 45°.

6.2.11 MonHyo HOPMaTUBHYH BETPOBYHO HArpy3ky Ha eauHULY AfMHbI y4acTka Tpy6onposoga, H/Mm, onpe-
aensatoT rno chopmyne

Gwe = (Wm + Wp) Dk ’ (63)

rae w,, — cpefHsisi CocTaBnsoLLLas BETPOBON Harpyaku, MlMa;
w, — nynbcaL1oHHas cocTasnstoLLas BETpoBo Harpysku, MrMa no [4].
Harpyska g,,, NpvknagbiBaeTcs nepneHavkynspHo ocu Tpy6bl B NI0CKOCTU, 06pasoBaHHON 0Cbio TPYObLI 1
HanpasneHeM BeTpa. CocTarAOLLYI0 BETPOBOI HArpyskun BAOMb TPYObl 4OMYCKAETCS He yUUTbIBATb.
HopmaTtunsHOe 3HaueHue cpeaHel cocTaBnsAtoLLEe MonepeyvHoi BeTpoBol Harpysku, MIMNa, BeluncnsaoT no
cbopmyne
W, = Wok (2,) ¢-107°, (6.4)

rae wp, — HopMaTMBHOE 3HaYeHne BETPOBOTO AasrieHus cornacHo [4], klMa;
k (z5)— KoadbdULMUEHT, yunTbIBaOLLMIA U3MEHEHWE BETPOBOrO AaBMeHWs 4Ns BbICOTLI OcK Tpybonposoaa Zg,
onpeaensiemMblI rno [15];
€ — a3pogrHaMnYecknin KosdULMEHT, MPUHUMaeMbIi no [4].
AapognHamMmnyecknin koatphULMEHT AN YPOLLEHHBIX pacHeToB AoNyckaeTca NpUHUMaTHL no popmyne

¢ = ¢,co8> , (6.5)

roe @ — yron mexagy ocbio ydacTtka TpybonpoBoga U NNocKoCTbIo, NepneHAUKYNSPHON HanpaBneHWo BETPa;
€, — aspoanHamnyecknii koaddunLMeHT N1oboBoro conpoTMBNEHUS NP Npoknaake TpybonpoBoaos no oT-
AefbHO CTOSILLMM oropam NpUHUMALOT:

- Anst ognHoyHoro TpyGonpoeoaa ¢, = 0,7;

- AN HeoAWHo4YHoro Tpybonposoaa B ropusoHTanbHOM psaay ¢, = 1.

Mpw pacyeTe Tpybonposoaa Ha AOMNONHUTENbHLIE BETPOBbLIE HAarpy3ku cnegyeT pacCMOTPETbL HECKOMLKO
BapWaHTOB HanpaesieHsA AeUCTBUSI BETPA, HO HE MeHee ABYX B3aUMHO NepneHANKYNSIPHbLIX HanpaBneHui.

Mpu onpeaeneH1n NynNbCaLMOHHO COCTaBNSIOLLLEA BETPOBOW Harpyaku w, cornacHo [4] norapudgmuyeckuin
AekpemeHT konebaHuii npuHumatoT 8 = 0,15, a kKoadbdULMEHT NPOCTPaHCTBEHHOW KOppensiLuy nyrnscauui gasne-
Hua BeTpa v =0,95.

6.2.12 HopmaTtuBHyto Harpysky ot obrejeHeHus (rononegHas) Ha eauHULY ANUHBLI Hag3eMHoro Tpybonpo-
Boaa, H/mm, onpegensiiot no chopmynam:

-npn D <70 mm

Ggn = 9 -107° bhguy(Dy + bhLy), (6.6)
-npn Dy > 70 mm

Ggn = 1,35 - 107 ke (D +2b)* ~DF), (6.7)

rae b — TonWMHA CTeHKM rononeda, Mm (NpesbilLiaemast pa3 B 5 neT), npuHuMaemasi cornacHo [4];

k — koapULUMEHT, yUUTLIBAIOLWMIA U3MEHEHWEe TOMLWMHBLI CTEHKWU rofionega no BbicoTe, MPUHMMAaEMBIiA
cornacHo [4];

Wy — KO3 DULMEHT, yunTbIBAOLLUA USMEHEHWE TOMLLUHBLI CTEHKM rofionea B 3aBUCMMOCTY OT AnaMeTtpa
KOXYyXa U3onauunu, ornpeaensiot cornacHo [4].

Mpwu BeMUCneHUK koadduumneHToB b 1 k BEICOTY NPUHUMALOT OT MOBEPXHOCTU 3eMSN A0 LeHTpa TSKeCTU
Tpy6bl Unn aetanu Tpybonposoaa.

6.2.13 HopMaTuBHble Harpysku M koahdUUMEHTBI HAAEXKHOCTU OT MOABWXHOrO cocTaBa NPUHUMAKT
cornacHo [5]. Ons TpybonpoBoadoB, yknaabiBaeMbIX B MeCTax, rae ABWKeHUe TpaHCcnopTa HeBO3MOXHO, B
KayecTBe HOPMaTUBHOW crnegyeT MpPUHUMaTb paBHOMEPHO pachnpeesieHHYo Harpysky oT newexoios
0,005 H/mm?,
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7 PacyeT Ha NPOYHOCTb TPYO M coeAMHMUTENbHLIX AeTanen nona AeWCTBUEM
BHYTPEeHHero u36bLITOYHOro AaBneHus

7.1 Tpy6bi
7.1.1 Pac4eTHas TonLyHa cTeHku TpyGbl

-D,
Sk = m—a , (7.1)
20, [o1+[p|
7.1.2 Jonyckaemoe gasneHve ans Tpyo paBHo
2¢y[c](s-c)
[pl= D,—(s-¢c) - (7.2)

7.1.3 ins Tpy6onposoaos HGeckaHanbHo NPOKIaAKy B rpyHTe A0MKHA NPOBOANUTLCA AOMONHUTENbHASA NPo-
BepKa NPoYHOCTUN TpYBbl Npu oBanusaLmu noa AeNCTBUEM AaBeHWs Bollenexallero crost rpyHTa. B cnyyae
HEeBbINOSIHEHNA AaHHOW NMPOBEPKM TOSLLMHA CTEHKU A0MMKHA GbITb yBEnuyeHa.

7.2 OTBOALI
7.2.1 PacyeTHyto TONLLMHY CTeHKU OTBOAA BbIMUCTSIOT No chopMyre
SRO = SR 'ki . (73)

rae Sg — pacyeTHas TOSLLUMHA CTEHKU TPYObI, BLIMUCHISAIOT No cdhopmyne (7.1);
k; — koaduULMeHT, NpMHMMaeMbIiA cornacHo 7.2.2;
7.2.2 insa Bcex BU0OB OTBO/10B:
- ANA THYTbIX U KPYTOU3OTHY ThIX OTBOAOB (PUCYHOK 7.1a) no Tabnuue 7.1;
- ANA CeKTOPHbIX OTBOAOB, COCTOALLNX W3 MONYCEKTOPOB U CEKTOPOB C Yrnom ckoca o< 22.5° (pu-
CYHOK 7.1, 6), BLIMMCNAOT Mo hopmyne

R
4B __4
k —_Pa—SR (7.4)
4R 2

Dy -sg

[nsa ceKTOpHLIX OTBOAOB C YrNoM ckoca o > 22,5° aaHHas MeToavKa He NpuMeHumMa.
- NS WTaMnocBapHbIX OTBOAOB MPY PACTIONOXEHNS CBAPHLIX LLUBOB B MIIOCKOCTU KPMBM3HLI 0TBOAA (pPUCY-
HoK 7.1, 8)

R _
e

k. =-1 : 7.5
! Py 4 2 (7.9)

Da_SR B

- ANA LWTaMNocBapHbIX OTBOAOB MPWU PAaCMONOXEHWN CBapHLIX LUBOB MO HeWTpanbHoW MMHUU (pu-
CYHOK 7.1 2)

R
1. 40,-5 " (7.6)
ki=max| o~ —pg——| .
y 4 Da—stz

B dpopmynax (7.5) u (7.6) sg onpeaensiot no coopmyse (7.1) npu ¢, = 1,0.

Tabnuuya 7.1
RID, <1,0 <20
k; 1,3 1,0

MpumeyaHune—[AnAa NpoMexyTouHbIX 3HaueHui R/D, 3HaveHne k; onpepensiioT NMUHENHOW WHTeprons-
unen.
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a — THyTbIi; 6 — CeKTOpHbI/i C TPEMSA KOCbIMK CTblkamu (1 = 3); B, I — LUTAMMNOCBAPHOIA

PucyHok 7.1 — OTBOAbI

7.2.3 [onyckaemoe faBneHue A/ 0TBOA0B PaBHO

2cpy (s-c)[o]
— 7.7
[P] = pakj-(s-c) D
7.3 TMMepexopabl

7.3.1 PacyeTHas TOMAWMHA CTEHKM KOHLEHTPUYECKNX N IKCLLEHTPMNYECKNX NepexoaoB (PUCYHOK 7.2) paBHa:
- CO CTOPOHbI 60/bLUEro gnameTpa

\p\-Di 7.8)

SRm - 2cpy [0]cosa + p

- CO CTOPOHbI MeHbLUEero anameTpa

\p\D2 (7.9)
2cpy [o]cosa +|p |
dopmyna (7.8) npyumeHuMa npm cob04eHUN cneayrLLmnx ycnoBuii:
-npy a< 15°
s2-c
BESOTS, (7.10)
- npu 15° a<45°
°003s £V57s °.15 (7.11)
P2-2s2<i 2sina /N s2 N s2 (7.12)

Dr—2S gcos(/ Vv  DA-2shJ DA-2sh
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Yron HakfoHa 06pasyioLLeii a pacCcUnTLIBAKOT Mo Popmysie

a= arct)é Ao (7.13)

B kOTOpoi D-\,D2 1/ NnpMHMMAatOT B COOTBETCTBUW C PUCYHKOM 7.2, @ NN PUCYHKOM 7.2, 6. 15 KOHLLEHTPUYECKNX
nepexonoB KO3MMULMEHT K - 2, AN18 SKCLLEHTPUYECKNX nepexonos /r= 1.
7.3.2 [onyckaemoe faBfieHue A1 KOHUEHTPUYECKUX U IKCLLEHTPUYECKNX Nepexofos paBHO

2py[o]cosa(s2-c)

[p] Di-(Sl-c) (7.14)

PucyHok 7.2 — TNepexodp!

7.4 TpPOWAHNKN N BPE3KMN

7.4.1 TlpuBefeHHble HUXe (hopMy/ibl NPUMEHUMbI NPU CReAYOWNUX YCIOBUSX:
- paccTositHue Mexay Hapy>XHbIMU MOBEPXHOCTSIMU COCEAHUX OTBETBNEHWI TPOMHMKOB UMM BPE30OK NPeBbl-
LaeT BENNYNHY

2i(Da-s-c)(s-c) , (7.15)

B MPOTMBHOM Crlyyae (Hanpumep, Npy pacyeTe KOJI/IEKTOPOB € 6/1M3KOPaCnoNoXeHHbIMU OTBETBIEHUAMM) pacyeT
KoachdpuumeHTa gedlcnefyet NpoBOAMTL ANS pAja OTBEPCTUI C Yy4eTOM UX B3aMMHOIO B/IMSIHUS COrnacHo [6];

- cobnopgaetcs ycnosne diD< 1;

- cobnopaeTca ycnosue (s- c¢)/Da<0,1.

7.4.2 Ecnu yron mexay ocbio OTBETB/IEHNA N OCbIO MarncTpann He MeHee 75°, pacyeTHYIO TOJILLMHY CTEHKN
onpeaensaT cornacHo 7.4.3. Ecnu yron Mexay OCblo OTBETB/IEHUSA U OCbI0 MarucTpanun 75° >y > 45° 1o ana
CBapHbIX TPOMHMKOB 1 BPE30K PACUETHYH TOJILMHY CTEHKU ONpeaensitoT cornacHo 7.4.9.

7.4.3 PacyeTHyo TONLWMHY CTEHKN MarucTpanum B TPOMHUKOBbLIX COeAUHEHNAX (Bpe3Kax) Npu AeNCTBUM BHYT-
PEHHEro U36bITOYHOTO AaBneHns (PUCYHOK 7.3) BbIYUCAAT No hopmyie

_ |P|wPa
Srm ~ 2rrHn(ty, dy)[o] + b | > (7-16)
rae qu — pacyeTHbIli KO3 MPULNEHT CHUKEHUS MPOYHOCTW MarucTpanu TpoHuka (Bpesku), BbluncnsemMblii B COOT-

BeTCTBUKN C 7.4.5.
7.4.4 PacuyeTHas TO/LWMHA CTEHKN OTBETB/IEHUA

\p\da (7.17)
2dy [o]e + Ipl
7.4.5 PacueTHbIn KO3 PULNEHT CHKEHNSI NPOYHOCTM MarncTpanm TPOMHUKa (Bpeskun) Nam ananunTnyeckomi

3arfyLwku, ocnabieHHol yKpenieHHbIM OTBEPCTUEM:
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2

A
= 1
%= 1754 d [ " 2(s—c)4(D, —s+c)(s—c) ] (7.18)

(D;-s+c)(s—c)

rae s> Sgy + €, a A — cyMMa yKpennsaoLwwmx nnoLuajeii oTBETBNEHWUS M Haknazku (ecnv Takosasi UMeeTcs
RM
TA=A,+A, (7.19)

[ns wTamnoBaHHbIX (LUTAMNOCBaPHbLIX) TPOMHUKOB (PUCYHOK 7.3, 6) BMeCTO Benn4uuHbl d B hopmyny (7.18)
cnepayet NOACTABNATb

doq = d + 0,25r,. (7.20)

Mpudem BHYTPEHHWUI paauyc r; MPUHUMALIOT NO YepTEXKY Ha KOHKPETHLIN TPOMHMK, HO HE MeHee 5 MM.
7.4.6 YkpennsioLyto nioLaas oTBETBNEHUS onpeaensioT no hopmynam:
- ANs OTBETBNEHUS, KOHCTPYKLIMA KOTOPOro COOTBETCTBYET PUCYHKY 7.3, @

Ay = 2hy [(Sp— Cb) — Sepl, (7.21)

- ANA BbITAHYTOW rOPSIOBUHbI LUTAMMOBAHHOTO (LUTAMMOCBAPHOI0) TPOWHUKA, KOHCTPYKLWSI KOTOPOIO COOTBET-
CTBYeT pUCYHKY 7.3, 6

Ap = 2(hps — hp)l(Ss — Cs) — Sosl + 2hp [(Sp — Cb) — Sop ], (7.22)

rage MuHuMasnbHble TONWWHBI CTEHOK onpeaendioT no (bopmynaM:
- AR CBaPHbIX TPONHUKOB N BPE30K

__ pd
Sob = 2ol —p * (7.23)
=014 WTaMnoBaHHbIX
_ _Pdeg
Sob = 3[o]p - (7.24)
s —=_ P4 (7.25)

s = 2[clp-p

7.4.7 Vicnonb3ayemoe npu pacyeTe 3Ha4eHWe BbICOTbI OTBETBNEHUS MPUHUMAIOT MO YepTexy, Ho He 6onee
NpUBeAeHHbIX HIKe 3HAYEHMIA:
- ANl CBAPHOrO TPOWHMKA U BpeaKu

hy=hys =125 J(d, — S, +C5)(Sp—Cp ) » (7.26)

- ANS LWTaMMoBaHHOro (LUTaMNocBapHOro) TPouHWKa

hy=hps =125 J(d, —ss +C)(Ss —Cs) - (7.27)

lMNpun oaHOBPEMEHHOM YKpEerneHU OTBEPCTUA OTBETBIIEHNEM U HAaKNaAKon (PUCYHOK 7.3, @), BLICOTY yKper-
nsatollei yacty otBeTBNEeHUA hy, NPMHUMAOT 6e3 yyeTa TONLWWHBI HaKNaaKu

hy =125 J(d, =5, +Cp ) (S, —Cp) - (7.28)
7.4.8 YkpennaioLyto nnoLuab Haknaaku onpeaensatoT no opmyne
A, =2b,s,. (7.29)

Wcnonb3yemoe B pacyeTe 3HaueH1e LUMPUHBI Haknaaku b, (pUCyHoK 7.3) AOMKHO COOTBETCTBOBATL pasMe-
py Mo YepTexy Ha KOHKPETHYI0 HaKNazKy, Ho He 6onee

b,= (D, -s+c)(s+s,-¢). (7.30)
18
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a — CBapHOli TPOWHWK (Bpe3ka), 6 — LITAMMNOBaHHbLIA (LUTAMNOCBAPHOW) TPOWHMK

PucyHok 7.3 — TpOWHWUKN 1 Bpesku

7.4.9 [ns cBapHbIX TPOMHMKOB U BPE30K C HAK/IOHHbIM OTBETBIEHNEM NpK 75° > y> 45° BbiGpaHHbIe pasme-
pbl NPOBEPSAIOT MO YCNOBUIO

p\-[T, +A, +07137 05 <[0] (7.31)

OTAENbHO AN15 NEBON U NpaBoli CTOPOHbI.

7.4.10 Mnowaab HarpyxeHms Apu naowaan conpotusnenus (Jl, — gna maructpanu, J12— ansa otseTsne-
HUA nJ13— ansa Haknagky) cnegyet onpefensitb COracHo PUCYHKY 7.4, rae BbICOTY OTBETBNEHUA NPUHMMALOT MO
dopmyne

( y (7-32)

\ ,
+2 =[1+0,25 QQjyl(da~sb+cb)(sb~ cb)

rae y— yron mexay ocsimu oTBETB/IEHUS U MarncTpanu, rpagyc.
LWLnpuHy Haknagkyu bnnpuHUMatoT NO PUCYHKY 7.4, HO He 60/1ee WWPKWHLI, paccynTaHHou no goopmyne (7.30).
74.11 Ecnm gonyckaemoe HanpsbkeHue ans ykpennswwmx getanen [olJdmeHblue [0], TO pacyeTHble 3Hade-
HUA ykpennswwmx niowageii JIb/IMymHoxXatT Ha oTHowweHwue [o]d/ [o].
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PucyHok 7.4 — Cxema pacueTHbIX Niowaaeli yKpenisiowmx 3NeMEHTOB A1st TPOMHMKA W BPE3KU
C HaKMOHHLIM OTBETB/IEHVEM

7.4.12 [onyckaemoe faBfieHune AN TPONHNKOBbIX COEANHEHWNI U BPE3OK PaBHO:
- npn 90° >y< 75°

2[o]min(cpy.gqd) (s-c)i 2dy [cl{sb-cb) (7.33)

[p] = min Da-{s-c) ' da-(sb-cb)

- C HaK/TOHHLIM OTBETB/IEHNEM MpU 75° >y< 45

[p]= e [a] (7.34)

+0,5
n.,+/42 +0,7/43

8 MoBepouHbIii pacuyeT Tpy6GonpoBoga Ha NPOYHOCTb

8.1 BbI6Op pacyeTHOM cxeMbl Tpyb6onpoBoaa

8.1.1 TpybonpoBog paccmaTpuBalT Kak Ynpyryw CTepXHeByl cuctemy. CnegyeT CTPEMUTLCH K TOMY,
4YTOG6bI pacyeTHas cxema npPaBu/IbHO YYMTbIBas1a KOHCTPYKTUBHbIE 0CO6EHHOCTU, KOoTopble BANAOT Ha HAC Tpy60-
nposoAa.

Mpy packpbITUK CTATUYECKOW HEONPELEIMMOCTY CeAYET YUNTbIBaTb NOBbLILLEHHYH NOAAT/IMBOCTL Ha U3rnb
KpVBOJIMHElHbIX TPY6 (3dphekT KapmaHa), CEKTOPHbIX KOMEH, KOCbIX CTbIKOB 1 OTBETB/IEHWIA (TPOHMKOB). AN
3TOro ONpeaAenstoT KO3 ULMEHTbI NOJATINBOCTM 3TUX INIEMEHTOB, NOJTYYEHHbIX C UCMO/b30BaHNeM Teopumn 060-
NIOYEK NN 13 3KCNEPUMEHTOB. PekomeHayemas MeToavka nx onpegeneHns npuseaeHa B npuaoxeHunn A.

8.1.2 PacuyeTHas cxema Tpy60nNpoBoa He Ao/HKHA NpeAcTaBiAaTh CO60l reoMeTpuUeckn N3MEHSIEMYHO UK
MFHOBEHHO N3MEHSEMYIO0 CUCTEMY (B TEPMMHAX CTPOUTENBHON MEXAHWKN).

8.1.3 TpybonpoBog pa3busatoT Ha NPSAMONHENHbIE N KPUBOIMHEVHbIE (OYEpPUYEHHbIE MO Ayre OKPY>KHOCTK)
y4acTKkn. TOYKM CONPSHKEHMS YHACTKOB CAYXaT pacyeTHbIMU y3namMun. B uncno pacyeTHbIX y3/10B BKIOYAIOT:

- MecTa npucoeanHeHns K 060pya0BaHuIo;

- MecTa NpUcoeanHeHNs K onopam;

-TOYKM M3/10Ma UKW pa3BeTB/IEHUS OCEBOW IMHUK TPY6ONpPOBOAA,;

- TOYKM U3MEHEHUSA NOMEePEYHOro Ce4YeHNUsi, Harpy3ok 1 CBOMCTB rpyHTa.

8.1.4 BHelLHMe cTaTnyeckne Harpyskym paccmMaTpuBaloT Kak CocpeoTOYEHHbIE NN paBHOMEPHO pacrpese-
NeHHble. Hapsaay ¢ HUMK B pacyeTax ctaTU4ecku Heonpeaennmbix CTEPXHEBLIX CUCTEM yUUTbIBAKOT Aedopmaum-
OHHble BO3JEeCTBNSA, Bbl3BaHHble TeMnepaTypHbIM HarpeBoM (OxnaxaeHvueM), CMeLLeHreM onop uav obopynosa-
HWSI, a TaKke NpeaBapuTeNibHOW pPacTsKKon (cxatmem) Tpybonposoaa.
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8.1.5 Onopbl U NOABECKU MOAENNPYIOT XECTKUMU, TUHENRHO-YMPYTMMU Y PPUKLIMOHHBIMK CBASAMU, NPensaT-
CTBYIOLLMMU NepeMeLLeHnaM TpybonpoBoaa; Npy 3TOM He0BX0AUMO yUnThIBaTL Takue HenuHelHble adpdekTbl,
KaK TpeHWe 1 OTKIOHEHWe TSI MogBECOK OT BEPTUKANTbHOTO NMOSOXEHUS.

8.1.6 MNpy>X1HHbIE OMopbI U MOABECKA MOAENUPYIOT YNIPYrUMU CBA3SIMU C YHETOM HENHeRHbIX adpdpekTos oT
TPEHUs1 U OTKINOHEHWS TSAr NMoABECcOK OT BepTUKanbHOro nonoxexus. Moabop NpyXuH 1 ycunuii 3atsra pe-
KOMeHyeTCs OCYLLEeCTBNATb B COOTBETCTBIN C [7], Npyu 3TOM AoMycKaeTcs KOppeKTUPOBKa METOAMKM pacyeTa [7]
AnNs KOPPEKTHOrO yyeTa HelMHeNHbIX 3ddeKToB.

8.1.7 CunboHHbIE U CanbHUKOBbLIE KOMMEHCATOPLI MOAENMPYIOT KaK FIMHERHO Yrpyrve courneHeHUst CTepx-
Hel 0ceBoro, LWapHUPHOTO UM CABUIOBOTO TUMOB (B 3aBUCUMOCTM OT MX KOHCTPYKLMWK). XKecTKOCTb KoMneHcaTo-
POB onpedensioT No cTaHgapTaM Win No JaHHbIM 3aBodoB-13roToBuTenen. Mpw pacdeTte Tpybonposoaa ¢ 0ceBbl-
MW WM YHUBEPCaNbHBIMU HEPA3TPY>KEHHBIMKU KOMNeHcaTopamMy HeoBXoAMMO YUMTbIBATE PACOpHbIE YCUITUS.

8.1.8 TpyGonposogHyto apmaTtypy MoaenupytoT HegedopMmypyeMbiMy (aBCOMIOTHO XECTKUMU) CTEPXKHEBbI-
MW 3nieMeHTamu.

8.1.9 MNpw MoagenunpoBaHumM Touek NprcoeanHeHns Tpybonposoaa Kk cocyaam 1 annapartam pekoMeHayeTcs
YUMTbIBaTb SlIoKasbHble MOAATIMBOCTM CTEeHKM (0bevariku, AHULA, KPbILLKW) B MECTE BPe3Ku LITyLepa, a Takke
o6LLyto noaaTnMBOCTL cocyaa Wnu annapara. MogatnMBocTy onpeaenstoT o peaynksratam aKkcrnepumeHTa unm
NpY NOMOLLM YACTIEHHBIX METOA0B (METOA KOHEYHbIX 3NIEMEHTOB).

8.1.10 B Toukax npucoeamHeHuns Tpybonposoga k 06opyaoBaHnio HE0BX0AMMO YHUTLIBATE CMELLEHUS 3TUX
TOYeK OT Harpea npucoeanHeHHoro obopyaoBaHus.

8.1.11 PacctaHoBKka 0mop 1 NoABECOK MpW3BaHa obecnevnTb 4oMYCTUMBIV YPOBEHb HAMNpsiKeHW B 3nieMeH-
Tax TpybonposoAda oT HecamoypaBHOBELLEHHON (B YaCTHOCTU, BECOBOW) Harpy3ku. MNpn aToM pekomeHayeTcs
usberatb cryvaes, korga B paboyem cocTosiHUM TpyGonposoaa onopbl U MOABECKM OKa3biBAOTCA HEAOrPY>KEeHHbI-
MW UK BIKITHOYEHHBIMU M3 paboTbl. B xonogHom (Hepaboyem) cocTosiHnM Tpybonposoda AonyckaeTca Heaorpys-
Ka vnu BblkoveHne 3 paboTbl ONop 1 NOABECOK.

8.1.12 Cunbl TpeHWs B oropax 1 Npu B3aumogencTenm TpybonpoBoaa ¢ rpyHTOM ONpeaensaT cornacHo
8.4.3.

8.2 CoueTaHuA Harpy3ok U Bo3fecTBum

8.2.1 MNonHbIA NOBEPOYHLIN pacyeT COCTOUT N3 HECKONbKUX pacHeTOB HA pa3NuyHble codeTaHus Harpy3oK u
BO3eACTBUIA, Ha3blBaeMbIX 3Tanamum pacqeTa (Tabnuua 8.1). Kputepum npovHOCTH, COOTBETCTBYIOLLUE KaXA0MY
aTany pacyeta, npmeeaeHsl B 8.6.1.

8.2.2 MoBepoyHbIi pacHeT TpybonpoBoaa oCyLEeCTBAAIOT Kak Ha NOCTOAHHbIE U ANUTENbHLIE BpEMEHHbIe
Harpysku (pexum MAH), Tak u Ha gononHUTeNbHbIE BO3ASUCTBUA KpaTKoBPeMeHHbIX Harpy3ok (pexkum MAKOH), a
Takke Ha 0coboe coveTaHWe Harpy3ok Npu CeNCMUYECKOM BO3AENCTBUM (peXuUM «cericMukay ). LLUndpbl Harpysok
1 BO3AENCTBWI yKkasaHbl B Tabnuue 6.1.

PacueTbl aTanos 1, 2, 3, 4 aenaioTca ob6a3atenbHbIMU. PacueTsl 3Tanos 5, 6 He obsisaTenbHbI.

Heo6xoaMMocTb AONONHUTENBHOMO MOBEPOYHOrO pacdeTa 3Tanos 5, 6 onpedensioT 3akas4yuK Uy opraHbl
Haasopa.

PacueTbl aTanos 7, 8 obsisatenbHbI ANs TpybonpoBoAos, PacnooXKeHHbIX Ha MIToLLafKax ¢ CeMCMUYHOC-
Tbto 7, 8 1 9 6annos no wkane MSK-64.

8.2.3 Pacvet no atanam 5 1 6 gonxkeH BbITb BLIMOIHEH C Y4ETOM HEBNaronpUATHLIX COYETaHWUI HarpysoK U
BO3AEUCTBUIA. BbIGOp yuMThIBAEMbIX B pacyeTax TUMOB KpaTKOBPEMEHHbIX U 0COBbIX HAarpy3ok U3 Tabnuupl 6.1 u
WX coveTaHui onpeaensieT NPOeKTHas opraHn3aLms U3 aHanu3a peasnbHbIX BapuaHTOB OAHOBPEMEHHOIO AeNCTBUS
pa3fiMuHbIX Harpy3ok Ha Tpy6onposoa. B 3aBUCMMOCTY OT yUMTLIBAEMOro coctaBa Harpysok criefyeT pasnuyartb:

a) OCHOBHblE coveTaHWUA Harpy3okK, COCTOosILLME U3 NOCTOAHHBLIX (1—6), ANnTenNbHLIX BpeMeHHbIX (7—10) n
KpaTkoBpeMeHHbIX (11—15) Harpysok;

6) ocobble coveTaHWA Harpy3oK, COCTOSILLME U3 MOCTOSIHHBIX (1—6), ANUTEeNbHLIX BpeMeHHbIX (7—10), kpaT-
KoBpemeHHbIX (11—15) u oaHol 13 ocobbix Harpy3ok (16). B ocobblx coueTaHnAX HarpysoK KpaTkoBpeMeHHbIe
Harpy3ku (11-15) gonyckaeTca He yuuTbIBaTh.

8.2.4 Ecnu Tpy6onpoBoa aKCniyaTupytoT NPy pasfiviHblX pexxumMax paboTel (Temnepartypa, jasneHve, co-
CTOAHWE BKS1./BbIKN. HACOCOB, 3aBUXKEK 1 T. A1.), TO pacyeT creayerT BbiNONHATL ANA TOro pexxuma paboTbl, KOTo-
poMy COOTBETCTBYIOT Hanbosee TXKeNbIe YCNOBUSI HArpyKeHWs BceX aneMeHToB Tpybonposoaa.

Ecnu Takol peXxum HEBO3MOXHO YCTAHOBUTb, TO pACYET BbINMOMHAT 4NN KAXA0IO U3 BO3MOXKHbIX PEXUMOB
paboTbl ¥ NPOVU3BOAAT NPOBEPKY CTATUHECKON NPOYHOCTK, ONPEeAenAoT Harpysku Ha obopyaosaHue no stanam 1,
2unn 5, 6 (B 3aBUCMMOCTU OT ANMTENLHOCTU PEXUMA).
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Tab6nuua 8.1 — CovuetaHusi Harpy3oK 1 BO3AeNCTBUI

Ne HaumeHoBaHWe 3Tana pac4eTa Coveranue Harpysok u Llens pacueta
aTana Bo3fencTeuiA no Tabnuue 6.1
Pexxvm MOH (nocTosiHHblE U ANUTENBHbLIE BPEMEHHbIE Harpy3ku)
JencTBre NOCTOAHHbLIX U ANUTENbHbIX OueHka cTaTu4eckon NpPoYHOCTY;
1 BPEMEHHbIX HECaMOYpPaBHOBELWEHHbIX Ha- OLeHKa YCTONYMBOCTU
rPy3oK B paboyem COCTOSHMM 1,2,8,56,7,8
CoBMECTHOe AeNCTBME MOCTOSIHHBLIX U OueHka Harpysok Ha obopyaoBa-
2 BCEX ANUTENbHbIX BPEMEHHbIX Harpy3ok u HVe, OMopbl U KOHCTPYKLMW;
BO3JENCTBUII B paBoyem COCTOSIHUM 1,2,3,4,56,7,8,9,10 OLEHKa nepemeLLeHui
CoBMECTHOe AeNCTBME MOCTOSIHHBLIX U Onpepgenenne Harpysok Ha 06o0-
3 BCEX ANUTENbHbIX BPEMEHHbLIX Harpy3ok u pydoBaHue, onopbl U KOHCTPYKUMWK;
BO3eWCTBUIA B XONOOHOM COCTOSIHUM 1,2,3,4,5,6,8 oLeHKa nepemeLeHuit
4 PacueT Ha geiiCTBME LUMKNMYecknx Bo3- | Pa3HOCTb younuii no aT1a- | OueHka LMKIIMHYECKOW NPOHHOCTU
JAencTBuii nam2wu 3 (BLIHOCITMBOCTH)
Pexum NMOKOH (nocTosiHHbIE, ANUTENbHbIE BPEMEHHbIe, KPaTKOBPEMEHHbIE N 0CcOobble Harpy3ku)
[eVicTBMe MOCTOAHHbLIX, ANMUTENbHbLIX OueHka cTaTMyeckon NPO4HOCTY;
5 BPEMEHHbIX, KPaTKOBPEMEHHbBIX U 0CODbIX OLIEHKA YCTOMYMBOCTU
HecaMoypaBHOBeLeHHbIX Harpy3ok B pabo- | 1,2, 3,5, 6,7, 8, 11, 12,
YeM COCTOSIHUM 13, 14,15
CoBmecTHoe gelicTBue Bcex Harpysokm | 1,2, 3,4,5,6,7,8,9, 10, | Ouenka narpysok Ha o6opyaosa-
6 Yy Y YA
BO3JENCTBMI B paBoyem CoCTOsIHUM 11,12,13, 14,15 HUE, OMOopbl N KOHCTPYKUMMK,
OLEHKa nepeMelleHun
Pexum «cericmmkar
[JenctBne NOCTOAHHBIX, ANUTENbHbIX OueHKa cTaTtMyeckon NPOYHOCTY;
BPEMEHHbIX, KpPaTKOBPEMEHHbIX Hecamo- OLleHKa YyCTOM4YMBOCTU
7 ypaBHOBELLEHHbIX U CECMUYECKMX Harpy-
20K B pab 1,2,3,5,6,7,8,16
pabouem COCTOSIHUM
8 CoBMECTHOE AeNCTBME BCEX Harpysok OueHka Harpysok Ha obopyaoBa-
n Bo3aelicTeuii B pabouem coctoaHum u | 1,2,3,4,5,6,7,8,9, HWe, OMNOpPbl U KOHCTPYKLMY;
CEeViCMUYECKNX Harpy3ok 10, 16 OLeHKa nepemeLLeHuni

8.2.5 PacueT Tpy6onpoBoga B COCTOSAHWM UCMbITaHWA NpoBoAsAT B pexxume MNOKOH. Mpu aTom pacyeTHyto
TemnepaTypy 1 AaBneHne NpuHMMaroT cornacHo 6.2.2. BMecTo Beca TennoHoCUTENsA 3a4aloT BeC BeLLecTBa, C
KOTOPbLIM NPOBOANAT rnapaBnndeckne nenoitadus. Mo atany 5 yunteiBaroT Harpysku 1, 2, 3, 5, 6, 7, 8, a no atany
6 —Harpy3kn 1,2, 3,4,5,6,7,8,9, 10 (cMm. Tabnuuy 6.1).

8.2.6 CeoiicTBa MaTepuana (Modysb ynpyrocti E, koadpduUmeHT nHenHoro paclunpeHus o) npy 20 °C u
Npy pacyeTHO TemnepaType A0MKHbI COOTBETCTBOBATL rOCYAapCTBEHHbIM CTaHAapTaM, TEXHUYECKUM YCINOBUAM
1 APYrM OeACTBYHOLLMM HOPMATUBHO-TEXHUYECKUM JOKYMEHTaM Y A0MKHbI BbITh NOATBEPXAEHbI cepTudmkaTa-
MW 3aBOAOB-M3rOTOBUTESIEN.

3HayeHua E, o, v onpegensitoT Mo HOPMaTUBHBLIM M CNPaBOYHbIM [aHHbIM B 3aBUCMMOCTU OT TEM-
nepatypbl. JonyckaeTca npuHumaThb [o], E, o, v Ana anekTpocsapHbix Tpy6 n aetanei no FOCT P 52857.1,
ana 6eclwoBHbIX — o [6].

3HauyeHua [o], E, o onpeaensioT Ha aTanax 1, 2, 5, 6 npu pacyeTHol Temnepatype ¢, Ha atane 3 — npu
Temnepartype 20 °C. Cm. Tabnuuy 8.2.

Ecnu pacuyeTtHaa Temnepatypa Huxke 20 °C, 1o E, au[c] AonyckaeTcsa nNpuHUMaTh Npu TemnepaType
20°C.
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Tabnuuya 8.2 — YyeT TemnepaTypHOro paclumpeHusl, CMELLEHNIA U MOHTaXHOIN PACTSDKKM Ha pasnuyHbIX aTanax

Oran u uensb pacuera LA A [ol E, o
MPUHUMAIOT PaBHBLIMU NpYHUMAIOT NpU
Otanbl 1,5, 7 t,0,0 t
Otanbl 2, 6, 8

OueHka nepemeLeHui;
OUEeHKa YCTONYMBOCTH;
onpegeneHne Harpy3ok Ha o6opyaoBaHue,

onopbl U KOHCTPYKUUK A A t
Qranbl 2, 6, 8
OueHka CTaTuyeckon NPOYHOCTU t,A A t
Ortan 3

OLueHKa cTaTuyeckon MPOYHOCTY;

OLeHKa nepeMeLLLeHnN;

onpeaerneHne Harpy3ok Ha obopyaoBaHue,
onopbl N KOHCTPYKL MK t,AA 20°

Mpumevanus

1 A — «cobCcTBEHHBIE» CMELLEHMA ONOP OT HarpeBa NPUCOeAUHEHHOTO 06OPYAOBaHUS.

2 A — npepBapuTenbHas (MOHTaXXHasA) pacTaXKa U «COBCTBEHHbIE» CMELLLEHUS! ONOp He OT HarpeBa Nnpucoe-
AVHeHHoro o6opyaoBaHus.

8.2.7 Ha aTanax 2 1 6 pacyeT BegyT Ha NOMNOGKWUTENbHBIA UK OTpULATeNbHBIA TeMNepaTypHbli Nepenag 8
cooTBeTcTBMM ¢ 6.2.7. Ha aTanax 1,3 u 5 pacuyeT BedyT npv HyneBOM TemrnepaTypHOM nepenage (Npu-
HUMmatoT ¢ = t,, cM. Tabnuuy 8.2).

8.2.8 Ha atane 3 npuv onpeaeneHuu BAUSHWUSA CUN TPEHUS UMW OTKIOHEHWI NOABECOK HEOBXO0ANMO YUUTbI-
BaTb, YTO Nepes HavyasrioM oxnaxaeHus TpybonpoBog NMeeT nepemeLLeHns, 06YCOBMNEHHbIE ero HarpesoM B
paboyem cocTosHMM Mo aTany 2.

8.2.9 HanpsikeHums Ha Bcex aTanax BbIMUCISIHOT MO HOMUHAMNBbHOW TONLWMWHE CTEHKN SN1eMeHTa.

8.3 NMpumeHeHUe 1 yyeT NpegBapUTeNbHOM PaCTSHKKU

8.3.1 MNpeasapuTenbHyto (MOHTaXHYIO) PacTsKKY MPUMEHSAIOT AN Yy4LLEeHWs KoMneHcupytoLlel cnocob-
HOCTU TpybonpoBoAa U Ans YMeHbLUEHWs Harpy3ok, nepedasaeMbix Ha onopsl 1 obopyaosaHue.

8.3.2 MprmeHeHWe npeaBapuTensHON pacTsikki 0GOCHOBLIBAKOT paCcUHETOM, Tak Kak ee BO3AEHCTBME MOXKET
6bITb M OTpULATENbHBIM. MPUMEHSITE MOHTaXHYIO PacTsXKKY HeobsizaTensHo. Bonpoc o LenecoobpasHocTu ee
npYMeHeHus], a Takke 0 ee BennUMHe U MecTe BbINONHeHVs cnedyeT peLlaThb € YHeTOM KOHKPETHbIX 0COBeHHOCTE
Tpybonposoaa.

8.3.3 CnegyeT HazHauaTb BENUHMHY pacTsikku He 6oree 50 % BOCNPMHMMaeMOoro TemnepaTypHOro pacLlm-
peHust.

8.3.4 Ecnu ka4ecTBO NpeABapUTENbHOM pacTsXKKA He rapaHTMpOoBaHO, TO pacyeT NpoBoasT 6e3 ee yyeTa.
lapaHTUpyemytlo NpeaBapUTEnbHYHO PacTsDKKY YYUTHIBAKOT Ha aTanax nonHoro pacdeta 2, 3, 6, 8 (cm. Tab-
nvuy 8.2).

8.3.5 YueT MOHTaxHO pacTsixku B pacdeTe TpyGonpoBoaa NpoBoasT MyTeM 3aaaHunsi COOTBETCTBYHOLLMX
B3aUMHbIX CMELLEeHWI CThIKYyEMbIX CEHEHUIA.

8.3.6 OgHMM 13 MeTod0B NpeABapUTENLHON PACTSXKU TpyBonpoBoaoB BeckaHarbHOM MPOoKTaaKk1 SIBNAeTCS
npUMeHeHWe cTapToBLIX KOMNeHcaTopoB. MakcrmMaribHYo AMHY NPSIMOro yyacTka Tpy6onposoga, MM, «obcny-
XX1MBaeMOro» CTapTOBbIM KOMMEHCATOPOM, onpeaensitoT no opmyne

D-5s) 2
Lo =y 2\/3’6”“]20’75 (B35 2] okttt (8.1)

rae t., — HavanbHas Temneparypa, KOTOpYyo pekoMeHayeTC NPUHUMATE paBHOM MUHUMALHOW pacYeTHON TeM-
nepaType B YCNOBUSAX SKCryaTaumm (pacyeTHOW TeMnepaType Ao Havana oTONUTEeNbHOro nepuoaa),

tyy — CuIIa TpeHUs O TPYHT, MPUXOAALLAsACA Ha eAUHWLY AnuHbl Tpybonposoaa, H/MM, onpeaensiemMas no
dopmyne (8.5).
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8.3.7 TewmnepaTypy 3amMblkaHusl CTApTOBOIO KOMMeHcaTopa PekoMeHAyeTcsl NPUHUMaTh paBHOM

8.3.8 MakcrMMasbHblA pacyeTHbIi 0CEBOW X0 CTAPTOBOro KOMMNeHcaTopa A, MM, COOTBETCTBYHOLMIA Lmex,
onpegensiemblii no hopmyne

A=l e - A0 8.3)

He [,O/IKEH MpPeBbIlWaTh BE/IMUYKHBI 4ONYCTUMOIO OCEBOr0 X04a CTapTOBOro KOMMNeHcaTopa. 34ech:

f3M— Temnepatypa nporpesa Tpy60npoBoa B MOMEHT 3aMblKaHWsl CTApTOBbIX KOMMEHCATOPOB,

fH — HauanbHas Temnepatypa (peKOMeHAYyEeTCsl NPUHUMATL CPELHIO TEMMNepaTypy CTEHOK Tpy6onpoBoaa
HenocpeacTBEHHO Nepes HauyaioM TePMUYECKOro HaTSXKEHNS).

8.4 OnpepaeneHne Harpysok Ha 060pyfoBaHue, onopbl Y CTPOUTEIbHbIE KOHCTPYKLMN

8.4.1 Harpyskn, nepegaBaemble Tpy60NpoBOAOM Ha NpUCOeANHEHHOE 060pyA0BaHMe, ONopbl U CTPOUTENb-
Hble KOHCTPYKUWKN, onpefenstoT HaaTanax 2, 3, 6 1 8.
8.4.2 Topn30oHTaNibHble HArpyskum OT CUI TPEHWUS Ha NOABMXHblE ONOpPbl TPy60NpPOBOAA ONPeaenstoT 13

ycnosua

Jgf+qj=tiQy, (84)

a) — Harpyskv Ha CKOJb3siLLYtO Oropy, 6) — Harpy3kv 1 nepemeLleHnst B CKosb3siLleli onope
PucyHok 8.1 — Cxema Harpy3ok Ha oropy

B npuBegeHHbIX hopmynax:

Qy — BepTuUKasibHOe faB/ieHne Tpy6onpoBoAa Ha NOABWXHYIO ONopy;

gx — 6okoBas cocTaBngLWwas cCuabl TpeHus (nonepek ocu Tpyobl);

gz — NpoAo/ibHasa cocTaBNAoLLLan CUbl TPEHUS (BLOMb OCK TPYObI);

0 — KO3(ULNEHT TPEHMA Npu NepemeLLeHnn nonepek ocu Tpyoel (Tabnuua 8.3);

Az, IXx— nuHeliHble NnepeMeLLeHUsi BAO/b 1 NONepeK ocu TpyoObl.

KOMMOHEHTbI CU/ibl TPEeHUA X1 gz Ha nepemMelleHnsaXx B NJIOCKOCTN CKOJIbXXeHUA OA0/DKHbI coBepllaTb OTPU-
uartenbHyo paboTy (T. e. Kaxaas napa 3HaueHuin gx, AX 1 gz, Az[0/mKHa UMeTb NPOTMBOMNOJIOXHbIE 3HAKW).

KOMMNOHEHTBI cuibl TpeHns gx v gz (pucyHok 8.1) onpefensatoT nociefoBaTe/lbHbIMU NPUBAMKEHUAMN B 3a-

BMCMMOCTU OT NepeMeLeHunii Tpy6onposoaa Ax.

Tab6nunya 8.3— KoachchnumeHTsl TpeHus

Twn onopsbl KoathchyumeHT TpeHus p
Ckonb3swas (ctasib no CTasin) 0,3
Ckonb3swan (droponnacT no uroponnacry) 0,005
KaTkoBas, LlapukoBas 01
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8.4.3 B Tpybonposogax beckaHanbHON NPoKkaakM B rpyHTe cunbl TpeHusl, H/mm, aeictsytoT BAOMb ocu
TPYGbI Kak pacnpeneneHHas Harpyska t,, (MpeaersHas cuna TpeHs). [lns necyaHbIX U CyxXvX IMUHUCTLIX TPYHTOB
t,p MOXET GbITh BbIMMCTIEHA MO (hopMyre

tnp =u [(1 -0,5sin (prp) er Z7'5Dk'10_3 + qk]- (85)

3aeck g, — cuna npwxatus Tpybbl K rpyHTY, H/MM, BeMMcnsemas no opmyne

Uk =G5 +a5 - (8.6)

rae gy, — cuna npuxatust Tpy6Gbl K rpyHTY B rop13oHTanbHOM HanpasneHun, H/mm;
Qi — CWNa npuxaTua TpyGbl K FPYHTY B BEPTUKANbHOM HanpasneHuu, H/mw.
Ecnu Tpy6onpoBoa He MMeeT pa3BeTBIEeHWIA U NOBOPOTOB B IPYHTE UMW CUMbI NpUKaTUst TPYOBbl K IPYHTY B
rOpW30oHTaNbLHOM HaNPaBIEeHWUW He3HaYUTENbHbIE, TO A0MyCKaeTCs NPUHUMATL

qx = q'rps (87)

rae qr,— pacyeTHbI NOroHHbLIA BeC TpybonpoBoaa ¢ TennoHocuTenem 1 nsonauuein, H/mm.
KoatbpuumeHT TpeHus L onpeaensiioT no opmyne

1 =tg (N Orp), (8.8)

rae N, — KoadrLMeHT, 3aBUCALLMIA OT KOHCTPYKLMU U30NALMK U XapakTepa HarpyxeHus. Ans Hanbonee pacnpo-
CTPaHEeHHbIX U30MSLMOHHBIX KOHCTPYKLWIA 3Ha4YeHUs npuBedeHbl B Tabnuue 8.4.

Tabnuua 8.4 — 3HaveHns kKOaDDULNEHTOB Ny,

Koadbdomument n,
Xapakrep HarpyeHus

MYy-usonsauus, ApmoneHo6eToH
MAM-uzonauns

MHorokpaTHoe YepeaoBaHve LMKIIOB HAarpeB — oxnaxaeHue 0,33 0,67
OpHoKpaTHbIN Harpee (oxnaxgeHue) 0,67 1,00
KpaTkoBpeMeHHOe MPUIOXEHNEe Harpysku 1,00 1,15

MpumevaHus

1 OgHOKpaTHLIN Harpee (OXnNaxaeHne) NPUHNMAIOT Ha 3Tanax NosiHOro pacyeTa 2 U 3 NpU OLEHKe CTaTUYECKON
NPOYHOCTU U Harpy3ok Ha o6opyaoBaHWe, OMOPbl U CTPOUTENBHBIE KOHCTPYKLMM, & MHOFOKpaTHOe YepeaoBaHue
LUMKIOB HarpeB — OXnaxgeHune — Ha atane 3 ans onpeaeneHvs paamaxa nepemMeHHbIX HanpskeHun.

2 YMeHblueHne koathuumeHTa ny, Ha 30 % MoxeT ObiTb 4OCTUTHYTO 0OEpThIBAHUEM HAPYXXHOW MOBEPXHOCTU
n3onsuun TpybonposBoda nonuaTtMIIeHOBON MMEeHKOW.

Ons apyrx 3onsILNOHHBIX KOHCTPYKLMIA 3HAUEHWS! n,,, criedyeT NPUHUMATb Ha OCHOBE CMPABOYHbIX N
3KCNepUMeHTarbHbIX AaHHbIX.

8.5 YueT BNUsIHUA KOMMNEHCaTOPOB Npu pacyeTe Tpy6onposoga

8.5.1 KomneHcaTopbl COCTOSAT 13 OAHOIO MU HECKOJIbKMX TMOKUX 311eMeHTOB (prcyHok 8.2, a) U Habopa
AeTanei, npegHasHaveHHbIX ANS KperneHus rmbKux aneMeHToB, BOCIPUATUS TEX WU UHbIX HArpyaok, ans
npucoegnHeHus K Tpybonposogdy U T. 4.

Mo KOHCTPYKTUBHO-TEXHOMOTMYECKOMY UCTIONTHEHUIO Pa3nnyakoT cuibOHHbBIE, CanbHUKOBLIE U APYTiE KOM-
neHcaTopel.
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PucyHok 8.2 — Cxema paboTbl OCEBOro 1 yrnoBOro KOMNeHcaTopos

8.5.2 BbI6Op KOMMNEHCaTopoB NPOBOAAT NOAaHHbIM 3aBOAA-M3rOTOBUTENS B 3aBUCUMOCTM OT MaKCUMasibHO-
ro pacyeTHOro faBneHus, Temnepartypsbl, paboyel cpefbl M KOMNEHCUPYIOLLEeli CNOCOBHOCTH.

8.5.3 YcTaHOBKa KOMMNEeHCaToOpoB A0/KHA MPOUCXOANTL COM/lacHO CXemMam U pekoMeHzauusam 3aBOL0B-
N3roToBUTENENA.

8.5.4 Npn noBepoYHOM pacyeTe TpyboNpoBoLa KOMMEHCATOp paccMaTpmUBaloT Kak a/IeMeHT, Xxapakrepuaye-
MbIi OCEBOW XXECTKOCTbIO, ONpeAeNsieMoil N0 HOPMaTUBHLIM AOKYMEHTaM WAV MO AaHHbIM 3aBO40B-U3roTOBUTE-
nei.

8.5.5 Cuna TpeHunsa B casibHUKOBOM koMneHcaTope, H, onpefensioT kak Hanbosbluee 3Ha4YeHne, Bbl4UC/IEH-
Hoe no popmynam:

40001
Sgyc e (89)
gyc = 2pLdDa\m. (8.10)
34ecb: p — pacyeTHOe faBfieHne, NpuHuMaemMoe He meHee 0,5 MlMa;

Lc — anvHa HabuBKM MO OCK CaNlbHUKOBOrO KOMMeHcaTopa, MM;

Dc — HapyxXHblli AnameTp naTpybka canbHMKOBOrO KOMMeHcaTopa, MM;

LUC — KO3ULMEHT TPEHNS HABUBKM O MeTa/1, NPUHMMaEMBbIi paBHbiM 0,15;
/n — yncno 60/1TOB KOMMNEHCATOPA;

Ac— nnowaab nonepeyHoro ceveHns Habuskm Ac = K (dfc- D2)/ 4, Mm2;

djc — BHYTpPEeHHWi1 AnamMeTp Kopnyca canbHUKOBOrO KOMMNEeHcaTopa, MM.

Mpu onpegenexnnn cunibl TpeHusa no dpopmysne (8.9) 3HayeHne 4000T/Accnepyet NnpuHUMaThL He MeHee
1 MNa.

8.5.6 PacnopHble ycunma OT BHYTPEHHEro AaBfieHUs MpU NPUMEHEHUN OCEBbIX KOMMEHCATOpOB
CYHOK 8.2) BblUNCNAIT No hopmysne

NIp"PA3ch, (8.11)

roe F3h — adbpekTBHASA Nnowaab, NpUHUMaemMas no cTaHaapTam U HOpMasisiM Ha OCEBbIE KOMMNEHCATOPbI, MM2.
B cnyyae 0TCYTCTBMS AAHHbIX ONYCKAETCS NPUHUMATD CeAYyLLINe 3HAYEHNS:
- NSl CaNlbHNKOBbIX KOMMNEHCATOPOB

Fap = B0 (8.12
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-ana CI/I.I'II:q’JOHHbIX N IMH30BbIX KOMMNEHCATOPOB

F

3

» = 16 (Da+D)?, (8.13)

rae D, D — HapyXHblil U BHYTPEHHUIA AaMeTpbl COOTBETCTBEHHO rMBKOro afiemMeHTa, MM.

Ans oceBbIX NONHOCTLIO PA3TPY)KEHHBIX KOMMNEHCATOPOB creayeT NpUHUMAaTL Fyy = 0.

8.5.7 XapaKrepucTukoii oceBoro KomrneHcatopa [Ay] HasblBalOT KOMNEHCHPYIOLWYIO CMOCOBHOCTL Ha
pacTsbkeHue — cxaTuhe (aMnNUTyaa 0CeBoro xoaa), a 2[A,] — nosHyo KOMNEHCUPYIOLLYH CNoCOBHOCTb.

B criyuae BbINosfHeHUA MOHTaXKHOM PaCTshKKM OCEBOro kOMNeHcaTopa Ha BenInHy [A,], ero komneHcupyto-
Lwast cnocobHOCTL Ha CxaTtue yBenuuusaeTcs 40 2[A).

8.5.8 Npu BbINONHEHWUW NOBEPOYHOIO pacyeTa Tpybonposoaa A0MKHO BLINOSHATLCA clieaytoLlee yCroBue:
pacyeTHOe nepeMeLleHne 0CeBoro KoMneHcaTopa He AOMKHO NPEBLILLATL ero KOMMEHCUPYIOLLYIO CMOCOBHOCTb
Ha pacTsbkeHue — cxatue (4onyCTUMBIA 0CeBOit XoA)

Ay < D), (8.14)

rael, — pacyeTHoe nepemelLeH1e KoMneHcaTopa OnpeaensloT Ha OcHOBaHWM pacuyeTta Tpy6onposoja B
uenom,

[A,] — monyckaemoe NepemeLLeH/e KoMneHcaTopa Ha pacTshkeHWe-CxaTHe (KoMNeHeUpyioLLas CrnocobHOCT),
KOTOpOe ycTaHaBNMBAET 3aBOA-U3rOTOBUTESb MO pe3yrnbTaTam UCNbITaHWA KOMNeHcaTopa Ha BLIHOCIUMBOCTL NpY
onpeaeneHHoN HapaboTke, COOTBETCTBYIOLLIEH PEXUMY SKCMyaTauum TpyGonposoaa.

8.6 YcnoBus npovHocTU

8.6.1 YcnoBust Npo4HOCTM BCEX 3TANoB pacyeTa npueeaeHsl B Tabnuue 8.5. Ctatnyeckas NpovyHOCTb Ha

aTanax 2, 3, 6, 8 He oueHUBaeTCA.
8.6.2 insa Tpy6 c MMY-uzonsuuen no MOCT 30732 HanpsikeHus B pabovem coctosiHum B crioe MY He
OOMKHbI MPEBbILLATL 3HAa4YEeHWI, yKaszaHHbIX B 5.2.3 1 5.2.4:

Cnny < [G]nny!

nny
T, 7 <[7,1, (8.15)
nn
Ty Y <[1,].
Tabnwua 85— Kputepum npo4HOCTU
Homep stana HaumeHoBaHue 3Tana pacuyera Ycnosue
pacueTa NPOYHOCTH
Pexum MAH
1 [elicTBME NOCTOSIHHLIX W ANUTENbHbIX BPEMEHHbIX HecamoypaBHOBELIEHHbIX
Harpy3ok B pabo4em COCTOSHWUM 0:.<1,1[0]
2 CoBMecCTHOE AeWCTBUE MOCTOSIHHBLIX U BCEX OMMTENbHbLIX BPEMEHHbIX Harpy3oK u
Bo3gencTBui B pabovem CocTosAHUM —
3 CoBmMecTHOe AeUCTBUE BCEX Harpyxawwmx hakTopoB B X0nogHoM (Hepabouem)
COCTOSIHUY —
4 Pacyet Ha umknnyeckve BO3AEMCTBUSA Ac, 1< [Ac,]
Pexum NMOKOH
5 [lefcTBME NOCTOSAHHbLIX, AIMTENbHLIX BPEMEHHbIX, KPaTKOBPeMEHHbIX 1 0COoDbIX He-
camMOypaBHOBELEHHbIX HArpPy30K B paboyemM COCTOSIHUK G.<1,5[0]
6 CoBMecTHOE JeWCTBUE BCEeX Harpy3ok v Bo3aelicTBuiA B pabovem CoCToAHUN —
Pexum «cencmmkar
7 [evicTBUE NOCTOSAHHbBIX, ANUTENBHLIX BPEMEHHbIX, KPaTKOBPEMEHHBIX Hecamoypas-
HOBELLEHHBIX U CENCMUYECKUX Harpy3ok B paboyem CoCTOsIHUK C,<1,9[0]
8 CoBMecTHOe JeViCTBME BCEX Harpysok ¥ BO3AeWCTBWI B paboyvem COCTOSIHUM U
CelCMMNYECKNX Harpysok —
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8.7 PacueTHble HanpshkeHUs1 B Tpy6ax U coeUHUTENbHbLIX AeTansax
8.7.1 CpeaHee OKpyXXHOE HanpsbKeHe OT BHYTPEHHEro AaBeHUs BLIYUCASAIOT Mo dhopMyne

_ P(Dy-58) 16
O = 2<;y8 : (8.16)

8.7.2 Ans TpybonpoBoaoB Hag3eMHOM Npoknaaky U noA3eMHoM Npoknagku B kaHanax
Oy = Oy - (8.17)

Ons Tpy6onposoaos GeckaHanbHO NpokIaaKkv AOMKHO BbITh BbIMMCIIEHG CyMMapHOe KorbLIEBOE Hamnpsike-
HUe OT CXaTWs G, 1 3rba G, BCreAcTBME 0BaNM3aLMM NOMEpeUHOro ceueHrst TpyBhi Nod AefCTBIEM BbiLLenexa-
LLero cros rpyHTa:

6, =0 +lo,l. (8.18)
8.7.3 CymmapHoe cpeaHee oceBoe HanpshkeHWe OT 0CEBOW CUITbI U M3rMBatoLLLEro MOMEHTa paBHO
Gz =0Ozn Gz, (8.19)

rAe G,y — HanpsikeHue oT GCeBOoI CUIbI, BblMUCAeMOe no dhopmMyie

iN

O = p (8.20)
G,y — OCEBOE HanpshkeHue ot I/I3FI/I53POUJ,eFO MOMEHTa, BblHUCigemMoe Nno (*)OpMyJ'Ie
__08 : 2 (; 2
Oam = g7 Vo Mo)™+(i; M), (8.21)

rae M;, My — MOMEHTbI B paccyuThbIBAeMOM CeYeHWN, AeiCTBYOLLME COOTBETCTBEHHO B MNIGCKOCTU U NepneHan-
KyJIAPHO MNOCKOCTY 0TBOAA (TPOWHMKA UM BPE3KM);
N — oceBas cvna, BblMUCNEHHas Mo METOAAM CTPOUTENbHON MEXaHWKM C y4eTOM pacnopHbIX YCUnUi oT
AasneHus. MNpu pacTskeHUn oceBas cuna noNoXUTensHas, Npu cxaTum — oTpularensbHasl.
8.7.4 KacatenbHoe HanpshkeHue oT KpyveHust
i My

T= oL (8.22)

8.7.5 JkBMBANEHTHbIE HAMNPSHKEHUA AN pac4eTHOro ceveHus TpyBonposoaa

O, = ‘/03 -G,6,+062+37%. (8.23)

8.7.6 XapaKTepucTuku cedeHna Tpyd onpeaenstoT no hopmynam:

nD3 D,-2sY
w="2s (1_(%&') ) (8.24)
F=n(D, - s)s.

8.7.7 Mpu pacyeTe HanpsiXXeHUiA B COeAMHUTENbHBIX AeTansix Tpybonposoga NpUHUMaOT KO3 ULMEHTHI
npoYHocTn ceapHoro wea @, = 1, ¢, =1 1 ¢y, = 1, a Takke 6,= 1.

8.7.8MMpu pacyveTe HanpspkeHuit B MNpsiMbiIX Tpyb6ax koadpduLMeHTbl WHTEeHCcUdUKaLMKM NpUHUMAloT
ip=iy=iy=i=1.

8.7.9 INpwu 3HaueHusxX KoadULIMEHTOB iy, i, iy, i; MEHbLUE eauHULBI PU pacHeTe UX criegyeT NpUHUMaTh
paBHbLIMU eQUHMLIE.

8.7.10 MNpwu BbINONHEHUM pac4eTOB HA HECAMOYPaBHOBELLEHHbIE Harpy3ku (no atanam 1, 5 n 7) BMecto
3HAYEHWH iy, i, iy, iy CNegyeT npuHUMaTh 3HadeHust 0,754, 0,75i;, 0,75, , 0,75i;, HO He meHee 1,0.

8.7.11 KoadbpmumneHTbl MHTEeHCUUKAUUWU HANPSKEHWNA iy, i, iy, i; ONpeaenaT cornacHo HacTosaweMy
cTaHgapTy. Ecnuv npu 3ToM 3HaueHue j; He ykasaHo, To NPUHMMaLIOT ;= 1. [1ns 0TBOAOB, KOChIX CTLIKOB U Nepexo-
[10B NPUHUMAIOT i, = 1, ANsi TPOMHUKOB — i, = iy. KoadbcnumeHTbl npuMeHnMbl Npy coBrioaeHN COOTHOLEHNS
s/D,>0,01.
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KoathchnuneHTsl MHTeHcndukaunm HanpsxxkeHuii /0, /, fa, it gonyckaeTcst onpeAenaTb NoAaHHbIM 3KCnepu-
MEHTOB W/IN YNCTTEHHbIX METOAOB pacyeTa (MeTOLOM KOHEUHbIX 3/IEMEHTOB) C y4EeTOM peasibHOV reoMeTpumn nsge-
NNS1, XapakTepucTuK Matepuana u BHyTPEHHEro faBneHust. [1na TPONHMKOBbLIX COeANHEHUI KO3 ULNEHTbI NHTEH-
cumKaLmm MMeroT pas/inyHble 3HaYeHns B ceveHmax maructpanu (A-A, b-b) notsetsnenus (B-B, pucyHok 8.5)

o> o> 4> o

8.8 PacueTHble HanpsXeHUs1 B 0TBOZAaxX U KOCbIX CTbIKax

8.8.1 HanpshxeHnss B oTBogax onpeaensoT B COOTBeTCTBUMM C 8.7.1— 8.7.5 ansa Tpex ceuveHun A-A,
B-B, B-B (pucyHok 8.3, 6). N5 KaXA0ro CeYeHnst f0/MKHbI BbIMOMTHATLCS YC/I0BUSA CTAaTUYECKOM U LMKNNYeCcKo
NPOYHOCTW.

A-A B-B

a) 6)
a) — CXemMa HarpyxeH/st B pacHeTHOM CeYeHW; 6) — pacHeTHbIe CeHeHus

PucyHok 8.3 — PacyeTHas cxema oTBoAa

Xapaktepuctuku ceveHnii WW\ F BblumncnsaoT no doopmyne (8.24), a koadhpmuymeHTsl /0un /— no doopmynam:
-4NS THYTBIX, KPYTOM3OTHYThIX M LUTAMNOCBapPHbIX 0TBOAOB

[ - 075 o
/o a”Y a (8-25)
/7 = 0’9 M:

- ANS CEKTOPHBIX OTBOAOB C YMC/IOM KOCbIX CTbIKOB N > 2 (CM. puc 7.1, 6)

0,9
In—1 93, L2

(8.26)
dopmyna cnpaBegnvnea ANs CEKTOPHbIX OTBOAOB, Yy KOTOPbIX L'>6sn a <22,5° (CcM. pucyHok 7.1 6).
KoathhmmeHT Q npvH1MatoT:

- NS 0TBOAOB, CThIKyeMbIX C Tpy6amn Ha ceapke, Q = 1,

- NS 0OTBOAOB, CTbIKyEMbIX C Tpy6amu ¢ 0AHOI0 KOHLA Ha haHLe 1 c 4pyroro KoHua Ha cBapke, £2= X1/6,
- ANA OTBOAOB, CTbIKyEMbIX C Tpyb6amMu Ha chaHuax ¢ 06emx cTopoH, Q = A3,

B npuBeaeHHbIX hopmynax:

4Rs
(Da-s) (8.27)

/

ONA KOCbIX CTbIKOB (pUCyHOK 8.4) npu a <22,5° gonyckaeTcs ucnonb3oatb hopmyny (8.26), npyu 3TOM NpUHU-
mMatT Q = 1 v B dpopmynbl (8.27) 1 (8.28) noacTaBNAOT 3KBUBANEHTHBbIN paguyc R3:

Ka =- 4 50 + ctgex). (8.29)
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Ecnn pacctosiHue L Mmexay KOCbIMW CTbIKaMU MEHbLLE BENUUYUHbI

L < N s(@+tga), (8.30)

TO Takne KocCble CTbIK/ c/ieqyeT cHnTaTb Kak O4unH CEKTOprIVI 0TBO/[ C pagnycom

R3 = - @9a. (8.31)
a

PricyHok 8.8 — Kocoii CTbIK

8.9 PacueTHble HanpshkeHUs B TPOMHMKaxX U Bpe3Kax

8.9.1 HanpshkeHuns B TpOitHMKax OnpeaenstoT cornacHo 8.7.1 — 8.7.5 ans ceveHuin A-A, b-b n B-B (pucy-
HoK 8.5). NSl KaXA0ro cevyeHnss AO/KHbI BbIMOMHATLCS YCNOBWSA CTATUYECKOW W LMKINYECKOW NPOYHOCTM, Npu
3TOM JoNycKaeMble HanpsXXeHus 15 OTBETB/IEHUS U MarucTpaam MoryT oTanyatbes (B caydae pas/iMyHbiX Mapok
CTa/ln OTBETB/IEHUA U MarucTpasn BO Bpeskax).

B-B

a — CXema HarpyeHusi B pacuyeTHbIX CeYeHusiX, 6 — pacyeTHble ceyeHust

PucyHok 8.5 — PacueTHast cxema TpoiHMKa (Bpesku)

8.9.2 KoHLEeHTpaums HanpshxeHnin nsrnba B TpoiHMKax 3aBMCUT OT 6e3pa3mepHOro napameTpa H.
[nAa cBapHbIX TPOMHMKOB 6€3 YKpennsawLwmnx Haknagok
H= 28 (8.32)
@as )’
[na cBapHbIX TPOWHMKOB C YKPENMAKLWMUMU HaknagkaMu, KOHCTPYKUWS KOTOPbIX COOTBETCTBYET pu-
CYHKY 7.3 &
- npu sn< 1,5s

- 2(s + 0,5s,)52

(8.33)
s3/2(Da-s)
- npy sn> 1,5s
_ 8 8.34
H= Da-s ( )
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[nsi WTaMnocBapHbIX TPOWHUKOB, KOHCTPYKLIMSA KOTOPbLIX COOTBETCTBYET PUCYHKY 7.3, 6:
npur,=0,125d, 1 s, > 1,5s

— 2s
H=44 o
(8.35)
npu r, < 0,125d, unu s, < 1,5s
=31-2s
H =31 D.—s
[ns wramMnoBaHHbIX TPOWHUKOB C BLITSIHYTON ropfioBUHOM Npu r, > 0,005d, 1 s, < 1,5s:
- 2r, 2s 8.36
H‘(”Da—s)oa—s' (8.36)

Mpw pacueTte oTBETBMEHWA (CeveHune B-B) B hopmynbl 8.9.2 BMECTO HOMUHANBLHOW TOSLMUHBI CTEHKWN S
noacTasnsloT apdpekTUBHYIO S, onpeaensieMyto cornacHo 8.9.3.

8.9.3 OdbheKTNBHYIO TONLLMHY CTEHKM B CEYEHUM OTBETBNEHUS onpeaensioT:

- MPU HaNU4YKUn BHYTpEeHHero aaenexusi (p = 0)

Sy = (8§ =€) sg/max (sg, Sgy) * €, (8.37)

rge S — HOMUHambHast TOJILLMHA CTEHKM,
Sg — pacyeTHas TonLUMHa CTeHKU MarucTpanu 6es yueta ocrnabneHust oTBepcTUeEM, onpegensieMaa no 7.1.1;
SgM — PacyeTHas TOMLLMHA CTEHKU MarucTpani ¢ y4eTom ocrnabneHunst oTBepcTUem,onpeaensoT CornacHo
7.43npn y275°unn 7.4.9 npn 75° > y> 45°;
- PV OTCYTCTBWUU BHYTpeHHero AasneHus (p = 0)

Se = (S =€) Qrp /P, * C. (8.38)

3peck @y BbluMCTIAOT Mo hopmyne (7.18), a prp NPUHAMAIOT HAUMEHbLLIEE 3HAYEHWE U3 Qg1 @, (@4 BbIMNC-
nsioT no chopmyne 7.18):

®rp = MIN (Qy, Q). (8.39)
Ona TpoliHUKoB npu 75° > y> 45° BMecTo @4 NOACTaBNAOT 3HAYEHWe
D,-S
0y = p(Z[S]SRT,,M)' (8.40)

Ecrmp=0,T0 0y =1.

8.9.4 KoadhbumLmeHTsl HTeHCUdUKaLmm HanpsbKeHW narnba npu aencTeumn narnbatoLLero MoMmeHTa U3 nnoc-
KOCTU TpOWHUKA:

- B CBApHOM TPONHWKE C OTHOLLEHWEM HAapYXKHOro AuaMeTpa OTBETBIIEHUA K HApY)KHOMY AMaMETPy MarmcT-
pannd,/D,>0,5

18
(siny)
- B CBapHOM TpoiiHUKe ¢ oTHowweHnnem d, /D, < 0,5, a Takke B LUTAMNOBAHHOM (LUTAMMNOCBapHOM) TPOHUKE

io = 213 32 ; (8.41)

i, = 2/30—93/2 , (8.42)
H" (siny)
rae y— yron mexgy ocsiMu maructpanu U OTBETBIEHUN (PUCYHOK 7.4), KOTOpbIA A0MKEH HaxoauTbCca B Aua-
nasoHe 90 ° >vy>45°,
KoadhduumeHTol MHTEHCUbUKALIMK HanpshXeHWn n3rnba npu AecTBun N3rmbatoLLero MOMeHTa B NSI0OCKOCTU
TPOViHWUKA HE3ABUCUMO OT €ro KOHCTPYKLIUW U OTHOLLIEHWSA d,, /D, BbiMUCHSIIOT o hopmyne

i;=0,75iy + 0,25. (8.43)

MpumeyaHune— dopmynsl (8.41) — (8.43) npu y < 90° paloT NpUbNMKEHHOe 3Ha4eHne KoaduumeHTa
WHTEHCUdMKaLMK ¢ 3anacoM B 66nbluyto cTOpoHy. bonee TouHble 3HauYeHUsA KO3MMULNEHTOB MHTEHCUMDUKALIMN MOXHO
NONY4YUTb YUCIIEHHBIM METOAOM C UCMONb30OBaHUEM CNEUNann3MpoOBaHHbIX NPOrPaMM, Peanuaylowmx MeTo KOHEYHbIX
3NeMeHTOB.
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8.9.5 XapaKkTepucTukn ceveHust npu pacyete maructpanu (cevernns A-A n b-b) onpegensioTt no coopmynam
(8.24), a npu pacyeTte oTBeTBNEHUA (ceyeHne B-B) — no chopmynam:

W/ =f (da-sbf sRb, F =n(da- sb)sRb, (8.44)

B KOTOPbIX SRbNpn pacyeTe cBapHbIX TPOMHUKOB M BPE30OK MPUHUMALOT Kak HauMeHbLlee 13 ABYX 3HAYeHWi seun
Sb'i
sRb= min (se, sb/),
anpu pacyeTe WTaMMNOBaHHbIX U LUTAMNOCBAPHbIX TPOMHMKOB — Kak HauMeHbLUee U3 BENYMH seu ss/f
sRb= min (se, ss/,).
8.9.6 Bpeskn, KOHCTPYKLMSA KOTOPbIX COOTBETCTBYET PUCYHKY 7.3, paccunTbiBatoT N0 OpMyiam CBapHbIX
TPOIAHMKOB.

8.10 PacueTHble HanpsaxeHUs B nepexogax

8.10.1 Hanps)eHns B KOHLEHTPUYECKNX U IKCLEHTPUYECKUX Nepexoaax, KOHCTPYKLUUSA KOTOPbIX COOTBET-
CTBYeT PUCYHKY 7.2, onpefenstoT B cooTBeTcTBUM € 8.7.1 — 8.7.5. MNpun aTOM KO3hDULUNEHTLI UHTEHCUGIMKAL NN
BbIUMCIAOT NO chopmyne

/0=/;= 1,2 + 0,006 (as.,/s2)08 (D2Is2)05,
(8.45)
it=0,6 + 0,003 (as”sa)08 (D2/s2)025,

rfe a — Yron KOHyCHOCTW B rpagycax.
dopmyna (8.45) cnpasegnmea npu 5 <a < 60°, 0,0125 >s2K02> 0,2, 1<s.|/s2<2,12.
8.11 PacueTHble HanpsaxeHus B IMMNY v MMM nsonauynu

MonepeuHoe ceyeHune Tpy6 c MMY-n3onsauyueii B NONN3TUIEHOBON 060104Ke NpeAcTaBaseT coboi Tpex-
CNOIiHOE KOMbLO, Hecyllel cepALeBrHON KOTOPOro ABNSeTCA cTanbHasa Tpy6a. MoCcKoNbKy N30N1ALNMOHHASA KOHCT-
PYKUMA 1 cTasibHasA Tpyba [o/MKHbI paboTaTb kak eguHoe Lenoe (0TCNoeHUs He gonyckarTcs), B cnoe My Bo3Hu-
KaloT HopMasibHble U KacaTesibHble HanpsxeHns (PUCYHOK 8.6), KOTOpble MOTYT MPMBECTU K €r0 paspyLUeHUIo.

8.11.1 TlpoposibHble HOpMasibHble HanpsXxeHus B cnoe My

nny _ Enny A/Mp+M2
W

° 2 £ (8.46)

roe MO, M;— MOMEHTBbI B [1ByX B3aUMHO NepneHAnKYAspHbIX NOCKOCTSAX TPYO UAN MOMEHTbI COOTBETCTBEHHO B
NI0CKOCTW U 13 MSIOCKOCTM 0TBOAA (TPOMHUKA).
8.11.2 PapuanbHble HOpMaslbHble HaNPAXEeHUs:

o ' = £rax£nny. (8-47)

rae eTax— MakcuMmasibHoe 3HaYeHne OTHOCUTe IbHO NUHeHo aedopMaumn cnos My B paguasbHOM Hanpas-
NeHun.

PucyHok 8.6 — KomnoHeHTbl HanpskeHuin B MIMY-usonsaumm
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8.11.3 KonbueBble HanpshxeHus B MY gonyckaeTcsa BbIYNCNATL N0 popmyie

°pry=°d ££Y- (848)
rae 3HayeHue odpaccuntbiBatoT no oopmyne (8.18).
8.11.4 CpefHue kacaTesfibHble HaNpPsHXeHns B NonepeyHom (OKpY>KHOM) HanpasieHun

X@y= " e - (8.49)
roe yT — oTHocuTenbHas gedopmauns cagura cios My,
G — mogaynb ynpyrocTtu MY Ha casur npu 140 °C.
8.11.5 MNpoponbHble KacaTesibHble HanpsXxeHusa s MMy

mny _ L
z T0a’ (8:50)

roe qTp— onpegensatoT no chopmyrne (8.5), 3aBUCUT OT CBOCTB rpyHTa 3achINKX 1 ry6uHbI 3a10XeHnst Tpy6onpo-
BOAa npu 6eckaHanbHOWM Npoknagake.
8.11.6 OSOKBMBAJ/IEHTHbIE HANPSXKEHUSA

Oen-03- (8.51)
naBHble HanpskeHns Oi > ¢ 2> c39BAAIOTCSA KOPHAMMW KybUYECKOro ypaBHeHu s
a3- /|02+/20 -/3=0, (852)

B KOTOPOM:
L=al+< toO°
/2= 0™y o goy+a™ya™y +agya™y - (T"1y)2- (1 ") (8.53)

/3= a™yarya™y-a™y(T™)2-a™ y(Tdy)2.
8.11.7 HanpsxeHus B MNMM-n3o0nAuMM AONYCKAETCA paccUnTbiBaTb N3/10XKEHHON B AHHOM NyHKTE MeToAu-

8.12 PacueT Ha UNK/INYECKYIO NMPOYHOCTb

8.12.1 OUuEeHKY LUKIMYECKOW NPOYHOCTM NPOBOASAT HA OCHOBE aHann3a ycunwii, onpeaensieMbix NogaHHbIM
ynpyroro pacuyeTa Ha aTanax 2 n 3. OCHOBHOI pacyeTHOI Harpyskoli ABNsieTC MasoLMKI0BOe TeMnepaTypHoe
BO3[elCTBME, Bbl3blBAEMOE KONebaHNaAMM TeMnepaTypsbl.

8.12.2 Ha ocHOBe BEPOATHOCTHOI OLLEHKM YCNIOBUIA 3KCMlyaTauumn B TeYEHUE roga 3ajatT TeMnepaTypHyo
NCTOPWIO, COCTABNEHHYH 13 NOJHbIX LMKIO0B C pa3/iMyHbiMy n3meHeHusmmu Temnepatypbl (FTOCT 25.101). Temne-
paTypHas NcTopus UMeeT cneayoLnii Bug;

Tab6nunuya 8.6 — TemneparypHas UcTtopusi

U No,
mn AH Not
A2 Noz
Y Atk Nok

1 06bIYHO CTPOMTCA B NOPsAKE yObIBAHUS NHTEPBA/IOB BPEMEHMN U U3MEHEHWIT TEMMepaTypbl, T. €.
T >T2> .. > UK,

Ar, > 12> ... > AXK,

npuyem A1 T20THOCATCA K LUKAY C HAnbOoNbLWMM M3MEHEHEM TeMnepaTypbl.

Kaxxablii uukn /-ro Tuna xapakrepusyeT yactoTa noBTopeHns No B onpeaesieHHOM NHTepBane BPEMEHN T, 1
NU3MEeHeHue Temneparypsbl At,.

[onyckaeTcs He yunTbiBaTb U3MEHEHMS TeMnepaTypbl B npegenax + 2,5 % HanbonbLuero 3HayeHns, NpuHs-
TOro B pacuere.

8.12.3 Mpy oLEeHKe LMKIMYECKOW NPOYHOCTM pacyeTHbIN CPOK Cnyx6bl Tpyb6onposoaa fcpekomeHagyeTtcsa
npuHnumaTb He meHee 30 NeT, ecnNn B 3ajaHNUN HA NPOEKTUPOBaHMNE He OFOBOPEHO MHOMO CPOKa.
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8.12.4 MNpuBeaeHHbIE K XOrogHOMyY COCTOSIHUIO pasMaxyl 3HakonepeMeHHLIX YeUnuii Ans LMKna ¢ Hanbonb-
LWMM U3MEHEHUEM TEMNEPATYpLI onpeaensitoT Ha aTane 4 pacyeTta Ans KaXaoro pac4eTHOro CeYeHus Kak pas-
HOCTb YCUNWii no aTanam 2 n 3:

Mo = Epo (M5 1 E = M3 | Ey),

M; = E,, (M,Pa6 [E - MX" /EZO),
(8.54)
M, = Ey, (Mfa'6 [E - M°" /EZO),

N = Epy (NP1 E = N[ Epy ).

6 6 6
3gece MY™ , MI™ . MP®, NP2 — MoMeHTbI M MpoAonbHOe yeunne B paboyeM cocTosHUN TpyGonposoaa;

M3, M7, MO, N™" — 10 e B X0noaHoM (HepaBoueM) cocTosiHUN TpyBonpoBoaa.

8.12.5 lNo naMeHeHUAM 3HakonepeMeHHbIX YCUIUIA ONpeaensioT:

- nepemMeHHbIe HanpsXeHs oT USMEeHeHU 0CeBOW CKnbl, M3rnbatoLLero MomMeHTa (AG,) U KPyTALLEro Mo-
meHTa (At) — no hopmynam (8.20), (8.21) 1 (8.22);

- MepeMeHHbIe HaNpPsXeHus oT BHYTPeHHero Aasnenns Ac, no dopmyne (8.18);

- pasmax aKB/BaNEHTHbIX HANPsXKEHUIA ANs LUKNa ¢ HanbonbLueh pac4eTHON TeMNepaTypoil BbIMMCISAOT No
thopwmyne

AG, 1 = JAG2 ~AG,AG, +Ac% +3At2. (8.55)

8.12.6 Pasmaxv aKBMBaNeHTHbIX HAMPSHKEHWIA ¢ MeHbLLIE TEMMNePaTypoll COrMacHo TeMnepaTypHol UCTo-
pyK paccunTeiBatoT No opmyne

Ao, =§—Z Acy 4, 1=23, ... k. (8.56)

8.12.7 fonyckaeMelil pasmax aksrBaneHTHsIX HanpshkeHui, MIMa, ssibupatot no dopmyne
[Acg] = min [Ac]; [Acy), (8.57)
raoe [Acy ] — AonyckaeMbili pazmax sKBUMBAIIEHTHbIX HANPSHKEHWIA U3 YCTIOBUS LIMKITMYECKOW MPOYHOCTY, onpege-
nsiembIi no opmyne
[Aoy]=min(18720 / N2 +129; 11840 / N2 +258); (8.58)

N, — pacueTHOe YMCNO NOSHbIX LUKIOB HArpyXeHWs (MOMHbIX MYCKOB M OCTAHOBOB) cornacHo 8.12.10.
[Ac] — aonyckaemblil pasMax SKBUBASIEHTHBLIX HANPSHKEHUIA, BEIMUCTISIEMBII MO chopmyne

[Ac] = 1,5 ([o] + [6]50)- (8.59)

8.12.8 Lluknuyeckyto npo4HocTb Tpybonposoga Ha atane 4 cunTatoT obecneveHHol, ecnu BbiNonHaeTca
ycrnosue

AGe1 < [AGS). (8.60)

8.12.9 B cnyuae pacveTa Bpe3ku U3 pasnuuHbIX MaTepuanos onpeaensiiollMm ABnaeTca matepuan, aato-
LLMIA HauMeHbLUee 3HadveHne [AG ).
8.12.10 OkBMBaNEeHTHOE YACNO NONHBIX LIMKITOB HAarpy>XXeHUA BLIYMCASIOT Mo hopmyse

Nc=Nc1+i(M~ ) (8.61)
AT ENN) ed :
rae N 1 — 41Cro NOMHbIX LMKNOB C pa3Maxamu 3KBUBaNEHTHLIX HanpshkeHUn Ac, ¢;

N — 4nCro CTyneHel pasMaxos SKBUBASEHTHBLIX HANPSHKEHNN AG,, ; C YUCIIOM LIMKNOB Ha KXol CTyneHwu,
pasHom N, ;;

i— Hoﬂnep uMknai=1,2,3, ..., k.

8.12.11 JonyckaemMoe 4MCIo pacHeTHbIX LIMKIOB C pasMaxom Ac, ; Ans U3NeNUiA 13 YrnepoaucTbix U

NerMpoBaHHbIX cTanei onpeaensoT No hopmynam:
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18720 ’
Nol; = (Ace,i—129) ) (8.62)

2
11840
[Mm=(m%r2%)- (8.63)

MNpwn Ac, ;> 258 Ml1a ncnonbaytot o6e dropmynbl 1 3a pacueTHoe [No]; NPUHUMAIOT HauMeHbLUee U3 ABYX
rnony4eHHbIX 3Ha4eHU; Npu 129 Mia < Ac,, ;< 258 MITa ncnonbaytoT dopmyny (8.62); npn Ac, ; < 129 MIMa wnu
npu [No); = 108 gonyckaemoe uncno pacyeTHbIX LIMKNOB NpuHumaroT [Ny]; > 10°.

9 Pacuyet Tpy6onpoBoaa B peXXume UCNbITaHUN

9.1 O6LWwme nonoxeHus

9.1.1 MUHMMarnbsHas BennumHa Npo6HOro AaBneHNs Npu IMAPOUCTIBITAHUNAX P,,., AOSKHA cocTaBnATe 1,25P.
9.1.2 Mpo6GHoe aaeneHue p,,., He AOMKHO BbITb BbilLe BEMUYMHLI, NMPU KOTOPOKN KOMbLEBble HanNpPsXeHUs

OT Npo6HOro AaBnNeHUs B CTEHKAX TPYD 1 AeTanei NpeBbILaloT 3HaYeHue [G],,, Onpedensiemoe cornacHo 9.1.3.
3OT0 AOCTUratoT NPW BBIMOSHEHUW YCIOBUSA

Puen < [p]mcn . (91)

PacyeT MmakcumansHo 4oMyCTUMOro NPpoBHOIo AaBMeHWs Py, MPOBOAAT cornacHo hopMmynam pasgena7,
KOTOPBIX:

- BMEeCTO AomyckaeMoro HanpsbkeHusl [G] noAcTaBnsioT Aoryckaemoe HarnpsbkeHue NS pexuma UcnbITaHui
[6]ycn: ONPeaensiemoe cornacHo 9.1.3;

- ANS NPOEKTUPYEMbIX 1 BHOBb M3roTaBIMBaeMbIX TpyGONpoBoAOB NpubaBKy Ha KOPPO3uIo U 9PO3UHo NPUHN-
MalT ¢, = 0;

- Ana Tpy6onpoBoAoB, HAXOASALLMXCA B aKCTNyaTaLmu, NpubasKy Ha KOPPO3MUIO U 3PO3UI0 C; NPUHUMAIOT
Anst hakTU4eckoro cpoka 3akcryatauum Ha MOMEHT NpoBeAeHUst ucnbiTaHuid. JInbo BMeCcTo HoMUHamNbHOMN
TONLLMHBI CTEHKW S MOACTABMSAT (DaKTUYECKYIO TOSLLMHY CTEHKY, onpeAensieMyto Ha OCHOBEe CTaTUCTUYeCKO
06paboTkn peaynsTaToB U3MEPEeHUA TOMLLMH CTEHOK, 8 CyMMapHyto npubaeky npyv aToMm npuHuMmaloT ¢ = 0.

PacyeT MakcumarnbHo 4onycTyMoro npobHoro AaeneHus [pl,., AonyckaeTca Takke NPOBOAUTL Mo NpUGNu-
»XeHHol dopmyne

[o]
Puen < P [(;A]Cn ' (9.2)
9.1.3 Jonyckaemble HanpshkeHWs A5 pexmma UCNbITaHUA BLIMUCAAT No hopmyne
. [ Opr20
[dm:mm(i1)w (9.3)

9.2 NoBepo4HbIX pacyeT TpybonpoBoaa B pexXuMe UCNbITaHUN

9.2.1 MNoBepoyHbI pacyeT Tpybonposoaa B COCTOSHUM UCTIbITaHUA NpoBoaaT no pexxumy MNAKOH no ata-
nam 51 6 (cm. 8.2.1) cornacHo pazgeny 8, npy 3ToM pacHeTHas MoAesb JOMKHA COOTBETCTBOBATL paboTte Tpybo-
NpoBoAa BO BpEMSs UCTbITAHWIA.

9.2.2 B kKayecTBe pacyeTHOro AaBeHUsi TPUHUMAKT AaBlIeHUe UCMbITAHUI P, B KaYecTBe pac4eTHOW
TemnepaTypbl NPUHUMaOT TemnepaTtypy TensoHocUTENs BO BpPeMs ucrbiTaHuid. Bec paboyero npogykra
MPUHUMAaOT paBHbLIM BeCy cpedbl, B KOTOpPOW NPOBOAAT UCNbITaHUs (Boaa, ras, BO3ayxX U T. 4.).

9.2.3 Ecnuv npoBogAT UcnbITaHnsa Tpybonposoga 6e3 UsonsiLnm, To BeC U30MSLMKN HE YYUTHIBAIOT.

10 MoBepoYHbLIN pacyeT Ha YCTOWUYNBOCTb

10.1 YcnoBHble 0603HavYeHUA

[N] — ponyckaemoe npofdosibHoe ycunue 13 ycrioBuii ycToumsoctu, H;

N — pac4deTHoe npogonbHoe ycunve B Tpy6onposoae, onpeaensieMoe pacyeToM TpyGornpoeoaa Kak
YMpYroi CTePXXHEBOW CUCTEMbI C yHETOM pearnbHON KoHdMrypauum Tpybonposoaa, rmbKoCTY 311eMeHTOB, CUn Tpe-
HMS B OMOpax CKOMbXXeHWs1 M B3aMMOAENCTBMS C FPyHTOM No MeToAaM CTPOUTeSIbHOM MexXaHuKu, H;

n ; — k0adppMLMEHT 3anaca NpoAobHON YCTONYMBOCTU.
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10.2 O6uwme NoNOXeHNA

10.2.1 Ycnosue obecneyeHnsa NpPoA0/bHON YyCTONYMBOCTN TPyb6OoNpoBoaa OT CUI0BbLIX (HECaMOypaBHOBE-
LUEHHbIX) BO3AENCTBUIA Ha aTanax 1,5, 7 ABnsieTcsa 06s13aTeibHbIM.

MprMepbl TakMx BO34ENCTBUI NokasaHbl Ha pucyHke 10.11, rae noteps yCTOMYMBOCTM Bbi3BaHa 4ENCTBUEM
pacnopHbIX YCUniA OT BHYTPEHHETO AABEHUS B 0CEBOM KOMMeHcaTope. MNpoMexyTouHble CKO/b3siLLe Onopbl Ha
CXeMe YC/NI0BHO He noKasaHbl.

a)
Np "Uf \/=05
[Ar™Mw ~r n
HanpasnsioLasa onopa
0)
2-4D 10- 143 1a ™ol QA
N= 0 =
B)

a), 6) — hopmbl MoTepy yCTOMUMBOCTM TPyOGOMPOBOAA OT CWU/IOBbLIX BO3AENCTBUIA;
B) — CXeMa pacCTaHOBKV Hamnpas/soLmx onop

PucyHok 10.1 — K pacyeTy Ha yCTOAYMBOCTb
10.2.2 Ycnoeue obecneyveHns NPoA0sbLHON YyCTONUMBOCTY TPY6ONPoBOAa OT COBMECTHOIO AelCTBUA CUMO-
BbIX U AechopMauVOoHHbIX BO3AENCTBUIA Ha 3Tanax 2, 6,8 sBNSeTCA peKOMEeHAYeMbIM, HO He 06sa3aTeflbHbIM.

Mpumep Taknx BO3AeiCTBUIA NokasaH Ha pucyHke 10.12, a, rae noTepsl yCTOMUMBOCTY Bbi3BaHa TemMnepaTyp-
HbIM pacluMpeHuem Tpy6onpoBoa.

PucyHok 10.2 — dopmMa noTepy YCTOMUMBOCTM TPyGONPoBOAa OT AedhOpMaLMOHHBIX BO3AeCTBMiA
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BbINoNHeHVe ycnoBus yCTONYMBOCTM OT COBMECTHOIO IeACTBUSI CUTOBbIX M Ae(OPMaLMOHHbIX BO3AeACTBUI
pekomeHayeTcs obecneymBaTtb MO CAEAYOLWUM COOBPAKEHNAM:

- OYHKUMOHA/IbHBLIM: NPW BbiMy4YMBaHWN MOXET NPOU30ITN pa3ynioTHeHVE hNaHLEeBbIX COeAVHEHWI (pyCy-
Hok 10.3, @), TpybonpoBog MOXeT NOAHATLCA Hag onopamu (pucyHok 10.3, 6), MOryT BO3HUKHYTb CU/bHbIE BUGpa-
Lmn Tpybonposoga oT NpUCOeANHEHHOr0 060py40BaHUS UK BUGpaLMn B BETPOBOM MOTOKE;

- 3CTETUYECKMM: BHELUHWIA BUA NOTEPSBLLEro YCTONYMBOCTb TPy6ONpoBOa nokasaH Ha pucyHke 10.3, B).

Takke BMeCTO ycnoBums o6ecrneyeHmnst ycToiunBocT Tpyb6onpoBoaa 0T COBMECTHOrO AeNCTBMSA CUIOBbIX 1
AedopMaLVOHHbIX BO3EeNCTBUII MOXET ObITb MCNONL30BAHO YC/I0BME OrpaHnYeHnsl MakCumasbHbIX Mporn6os
npv BbiNy4YnBaHUN NOTEPSBLLErO YCTOWUYNBOCTb TPybonpoBoAa cornacHo 10.4.3. BennynHy MakcumasabHOro npo-
rmba npu BbIMyYMBaHNM peKkoMeHAyeTcs orpaHnynBaTb NCXOAS U3 CNeAyOL X COOBpaXKeHWA:

- KOHCTPYKTUBHbIX — NPOrn6 A He JO/KEH MpeBblWaTb BENNYMHY 3a30pa [A] mexay Tpy6oii n 6nnsnexa-
LMW KOHCTPYKUMAMU (CTEHKO KaHana, coceAHUMMN Tpy6amMm, CTPOUTENbHBIMU KOHCTPYKUMAMU UT. A4.);

- 3CTeTUYEeCKMX — Nporné A He AO/MKEH NpeBbIaTh 3a/laHHON U3 3CTETUYECKUX COOBGPaXKEHNI BE/TMUNHBI
3a3opa [A]. PekomeHpgyeTca npuHumMarts [A] = 0,5 Da.

10.2.3 KoathhnumeHT 3anaca NpoAosbHOM yCTONYMBOCTH NpuHUMatoT /?" = 1,3.

10.2.4 JonyckaeTcs MCNONb30BaHWe 60/1ee TOYHbIX YNC/IEHHbIX METO0B pacyeTa Ha yCTONYMBOCTb C y4ye-
TOM pasBUTKA YNpyronnacTuyecknx gegopmaumii 1 reomeTpuyeckoi HeIMHeHoCTU.

Wit wit

nnni

6)

B)

G )P ui PR ouw D) ww SSBuw SDuyw 7774 »> HA 777_%1.( W uwy »> g >»uw >» g »> uy Pl uw SSuw 1)) gw
Wi

1 ---------------- e ~innn

r

PucyHok 10.3 — Mpyimepbl NoTepy yCTOWYMBOCTU

10.3 TpoAosibHas ycToliuMBOCTb Npu 6eckaHanbHOW Npoknajke B rpyHTe

10.3.1 B Tpy6onpoBoaax 6eckaHasibHOW NpoOKNaAku B rpyHTe B ceYeHun TpybonpoBoja BO3HMKAET Npo-
[ONbHOE 0ceBoe CxmMatollee ycunne N, KOToOpoe MOXeT NPUBECTY K BbiMy4MBaHUIO NOA3EMHOr0 Tpybonposoaa
B BEPTUKANbHOM NNockocTu (pucyHok 10.4, a). Mo3ToMy KOHCTPYKTMBHbIE NapameTpbl (KOHUrypawmio ocu Tpy6o-
npoBoAa, ero rnyburHy 3a/10XeHNs) peKoMeHAyeTCa onpeaensitb U3 ycoBns obecneyeHns NpogosbHOM yCTonum-
BOCTU

N<[N\. (10.1
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10.3.2 [onyckaemoe npoAosibHOe ycune onpeaenstoT no oopmyse

(10.2)

[N]Jn— ponyckaemoe oceBoe cxumMatolee yeunue, H, n3 ycrnosus npoYHoCTM
i - Fenyig (10.3)

roe Opk — npefen TekydecTu Npy pacyeTHoli Temnepatype,
[N\y — KpuTuyeckoe 0CEBOE CXXMMAlOLLLee ycuame U3 ycrioBUs yCToONUNBOCTY

[Nly = 36> AFW (10.4)
y
roe frip — conpoTtveneHne caBury B NpoA0/IbHOM Hanpas/ieHnn cornacHo 8.4.3;
Q — pacyeTHas yaepxuBatoLlas Harpyska rpyHToBOi 3acbinku, H/Mm (pucyHok 10.4, 6).
3HaueHve yaepxusatLen Harpyskm Q, H/mm, onpegenstoT no doopmyne

Q- Qw+2QF+q, (10.5)

roe Qw— pacuyeTHbIil BEC YCIOBHOMO C10s FpyHTa Hag Tpy6oii Him;
Qf — pacueTHas cuna TpPeHus, yaepXKmBatoLLas yCioBHbIl cnoi rpyHta Hiw;
g — pacyeTHblil BeC TPyObl C U30SLMEN 1 TENIOHOCUTENEM HA eAMHWLY ANUHBI Tpy6onposoga H/imm.
3HaueHusa yaepxuBaowmx Harpy3ok QNeQF, g ¢ yueTom Koadh(pnumeHTOB HagexHocTn no Tabnuue 6.1
NPUHMMAIOT PaBHbIMU MEHbLUE eANHULbI:

Q/— (10.6)

a) 6)
a) — dhopma noTepu yCcTOWUMBOCTM Tpyb6onmpoBoga, 6) — K pacyeTy yAepXMBaloLmMX Harpy3ok

PucyHok 10.4 — BbinyunBaHne nogseMHoOro Tpy6onposoga

Mpn Dk> 1000 mm npuHMMatoT K = 1, a npu Dk< 1000 mm npuHumatot K = Dkl 1000.
10.4 MpoposibHas yCTOMYMBOCTb HaA3EeMHbIX TPYGONPOBOAOB U NOA3EMHbIX TPY60NPOBOAOB B

KaHanax
1041 [na Tpy6onpoBoA0B, NPOKAaAblBAEMbIX Ha CKOMb3ALLMX Onopax, yc/i0BMe obecneyeHunst Nnpoaosib-
HOI1 YCTOMYMBOCTMN OT CUIOBbIX BO3AENCTBUIA BbIFNAANUT Cneayowmum obpasom:

N<[N\, (10.8)
roe [JV]— ponyckaemMoe npofosibHOe ycuane 13 ycnoBus yCTONYMBOCTH

N - max ([A]4,[A]2); (20.9)
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[A/i — ponyckaemoe npofosbHoe ycunve, onpegensemoe no oopmyne (10.2), B KOTOpY NogcTaBNAaoT
oceBoe cxumatwollee ycunue [[Vly us ycnosusi ycToliunBocT 6€CKOHEUYHO A/IMHHOIO NpsiMoro Tpy6onposoaa B
rOPM30HTa/IbHOW M/IOCKOCTU Ha CKOMb3sALWMX onopax (pucyHok 10.5)

[Ny 6|i6F 2E5/ 3 H, (10.10,

rae u— KoathunuMeHT TPEHMA B CKOb3ALLUX onopax.

Ecnu Ha paccmaTpuBaeMoM yyacTke 4/1MHbl Tpy60nNpoBoAa yCTaHOBIEHO MeHee Tpex CKOb3ALLNX onop
NN KO3 UL MEeHT TpeHus p paseH 0,05, a Takxe ecsim y4acToK BepTuKasbHbINA, To B hopmyne (10.10) npuHmumaloT
p=0;

CKonb3siime onopsl

B-B"[MNIrB-a 00 O

PucyHok 10.5 — dopma notepy yCToMYMBOCTN GECKOHEYHO [/IMHHOMO TPy6onpoBoga
Ha CKOMb3SALLMX ornopax

[N]2— kpuTnyeckoe oceBoe CxXuMaloLee ycunmne n3 ycroBus npoaosbHOK YCTONYMBOCTU LeHTpasbHO-
CXaTol NpsAMoii TpyObl

2= p-Pop,H, (10.11)

roe h— KoahpULMEHT NPOLONLHOTO M3rnba ANs LLeHTPasIbHO-CXaTbIX CTaslbHbIX TPY6:

-npn0< X <25 (10.12)

¢ =1-J0,073-5,53

-npn 2,5 < X <45

® = 1,47-13 371-27,3°720 X +(0,0275-5,5 3 N jp ;

-npun X >4.,5

b =_ 332 _
® A2(51-A)

roe X — ycnoBHasi npuBegeHHas TMbKocTb

x =v/JFeipl; (10-13)

\|/— ko3hhnLMeEHT CBOGOAHOI ANVHbI, ONpeaensieMblli B 3aBUCUMOCTM OT YC/I0BUIA 3aKpenieHns NPSIMO/n-
HeliHoro yyacTka Tpy6onpoBoja B COOTBETCTBUM ¢ Tabnuueit 10.1. Ecnv ToUHbIe yCNoBUS 3aKpenieHns HensBsec-
THbl, TO B 3anac yCTONYMBOCTM NPUHMMALOT 60/bLuee 3HaYeHne koadduumeHTa \|/;

/| — paccTtosiHne mexay onopamu, Mm (cMm. Taénuuy 10.1).

10.4.2 Ecnu ycnosue (10.8) He BbINOAHAETCA, TO pEKOMEHAYETCA NPUHATbL MePbI 471 CHXEHUA NPOLO/Ib-
Horo ycunusa JIP nn60o npon3BecTu pacCTaHOBKY HanpaBnsAoLWwmx onop ¢ warom Lmex (pucyHok 10.1 B). BennunHy
[Hmex BbIGMpalOT Takum 06pa3om, YTobbl AN151 CUCTEMbI BbINONHANOCHL ycnosue (10.8).
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Ta6nnya 101 — 3HayeHusa koachduumneHTa cBOGOAHOW AMVHbI

PacueTHas cxema

3agenka - 3agenka

3agenka - wapHup

1 2l

- , 3

LapHup - wapHup

3agenka - cBoboAHbI KOHeL,

10.4.3

JleBbliA KOHeL,

MepTBasi ornopa, Hanpasnsio-
uwas onopa C 3allemieHuemM ot
nosopoTa, TPONHMK

MepTBasi ornopa, Hanpasnsio-
wasl onopa C 3alemneHnemM ot
nosopoTa, TPOHMK

HenoaBuxHas onopa, Han-
paBnsioulas onopa 6e3 3allem-
NeHnsi oT nosopoTa

MepTBasi ornopa, Hanpasnsio-
as onopa c 3allemiaeHneM ot
noBopoTa, TPONHMK

MpaBblii KOHeL,

MepTBasi onopa, Hanpas/nsio-
was onopa C 3allemseHneM ot
noBopoTa, TPOMHUK

HenoasuxHasi onopa, Han-
paBnsiolas onopa 6e3 3alem-
NeHnsi oT nosopoTa

HenoasuxHas onopa, Han-
paBnsolas onopa 6e3 3auiem-
NeHust oT nosopoTa

YrnoBoW, caoBUroBbIA UK YHN-
BepcasibHbIi KOMMNeHcaTop

nporn6 A, mm, npu BbinyuymBaHun Tpy6bl (pucyHok 10.2, a) onpegenstoT no popmyne

- npn N <[N]

1- N1y 1)2
A2 E1

dopmyna (10.14) cnpasegnusa npu ycnosun 0 <N (\|// )2(n2E1)< 0,8.

- npn N>[N\

)o

Koadhdom-

umeHt \|/

0,5

0,7

1,0

2,0

Mpu pacueTe Ha COBMECTHOE AEeNCTBME CU/IOBbLIX M AePOPMaLMOHHbIX BO34eiCTBMI MaKCUMabHbIi

(10.14)

(10-15)

roe 00 — HavanbHbIn nporn6 Tpybonposoga (OT BECOBOW Harpy3ku, HavyanbHbIX HECOBEPLUEHCTB UT. 4.);
AL — nonHoe ygnuHeHune Tpybonposoga. Hanpumep, g1 cxeMbl Ha pucyHke 10.2:

AL = /1 + AL2+ AL3;

AL2— yannHeHue cpefHero yyacTtka

AL2 = aAfi/;

Al - [O/-3— yanuHeHne KpalHWX y4acTKOB.
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Ecnu yqacTtkv HagseMHol npoknaaku (pueyHok 10.2, 6), To:

L
ALy=ALy=antl—TEg; (10.18)

ecnu yyacTku 6eckaHanbHoN Npoknaaky B rpyHTe (prcyHok 10.2, 8), To yanuHeHne AL BbIMUCAAIOT € yYETOM CUIT
TpeHWst TpYObl O TPYHT £, 1 C YHETOM BO3AEWCTBIS COCPEAOTOUEHHOrO yeunua [N] oT NpUMbIKatoLLero k Hemy
ydacTka Tpybonposoaa.

11 PacuyeTt Tpy6onpoBoaa Ha CEMCMOCTOMKOCTb

Hacroswwnii pasgen ycrtaHasnvBaeT TpeGoBaHUS K pacyeTy ceMCMUYECKMX Harpy3ok Ha TpyGonpoBoae!.
C NMOMOLLbI0 3TWX pacyeToB NPOBOAAT OLIEHKY CeMCMOCTOMKOCTU Ha cTagun NPOeKTUPOBaHWS U B NpoLecce
aKcnTyaTaumm.

11.1 O6Wwme NnonoxeHus

11.1.1 PacyeT Ha ceicMOCTONKOCTL SABNsAeTCS 06a3aTeNbHbIM 3TanoM NoBepoYHoro pacyeTa Tpybonposo-
[OO0B, pacnofnoXKeHHbIX Ha NoLlagakax ¢ cecMrMUHoCTbIo 7, 8 1 9 6annos no wkane MSK-64 HesasucrMo oT BUAa
npoknaaku (foa3eMHON NN Haa3eMHOR).

11.1.2 Pacuet TpybonpoBoaoB Ha celicMnyeckne Bo3gencTBIS NPOBOASAT NOCHe BbIMOMHEHNA pacyeToB Ha
cTaTuyeckne 1 LUKIUYECKMEe HarpysKku 1 NoaTBEPKAEHWS ero NpoYHOCTM NPU 3TUX Harpyskax.

11.1.3 Llenn noBepoyHOro pacyeta Ha CEMCMOCTONKOCTb!

- MpoBepKa NPOYHOCTU 1 YCTONUMBOCTU 3NIEMEHTOB TpybonpoBoaa;

- NIpoBepKa CecMUIECKMX HarpysoKk oT TpyGonposoaa Ha onopbl 1 06opyaoBaHue;

- MpoBepKa nepemeLLeHuin Tpybonposoaa: oLeHKa B3anMHbIX CMELLEeHWUIA, coyaapeHUin 3NeMeHToB Tpybo-
NpoBoAa W OKPYXatoLLMX KOHCTPYKUMUIA, NpeaoTBpalleHne cbpoca Tpybonposoaa ¢ ornop nNpu CeNCMUYECKOM
BO3JENCTBUN;

- paspaboTka MeponpuATUIA, HanpaBNeHHbIX Ha MOBbILLEHUe CENCMOCTOMKOCTH, B CRyYasx, Korga pacyeT He
nogteepxgaeT obecneveHue TpeboBaHWUIn CEMCMOCTONKOCTU: YCTaHOBKA KOMMEHCUPYIOLLIMX YCTPOUCTB, AOMOSHU-
TeNbHbBIX KPenNeHWn, usMeHeHne NPoCTpaHCTBEHHOW KoHdUIypaummn Tpybonposoaa, yctaHoBka Aemndepos, ra-
cutenen konebaHuii N T. A.

11.1.4 MoBepoyHbIN pacyeT He06X0aANMO NPOU3BOAUTL C YHETOM AEACTBUS IKCMITyaTauMOHHBIX U ceicMu-
Yeckux Harpysok no atanam 7 u 8. Mo atany 7 NnpoBOAAT OUEHKY MPOYHOCTM U YCTOMYMBOCTH, a no aTtany 8
NPOBOAAT OLIEHKY Harpy3ok Ha 0bopyaoBaHue, onopbl U KOHCTPYKLMM, OLEHKY NepeMeLLeHWIA U Ans HU3KoTeme-
paTypHbIX TPYGONPOBOAOB OLIEHKY CTAaTUHECKON NPOYHOCTU U YCTOMYMBOCTU.

11.1.5 3agaHue Ha pacdeT CeMCcMOCTONKOCTU Tpybonposoaa AOIKHO BKIOYATL Cleayrowme AaHHbIe:

- pac4eTHyI0 CeMCMMYHOCTb MIOLLAAKW, Ha KOTOPOW pacnonoxeH Tpybonposoa L., cornacHo 11.1.6;

- Bcnyyae, ecnu Tpybonposoa 3awemsieH B rpyHTe, a Takke AN NPOTsDKEHHbIX HaseMHbIX Tpyb6o-
nNpoBoAoB TpebyloTcs 3HaUeHUs1 CKOPOCTeN pacnpocTpaHeHWst NPOAOIIbHbLIX, NonepeyHbIX BOSH U BorH Penes

) ma; max y’
(Vp, Vs, V), MakcmankHbIX nepeMelLieHuii rpyHTa (DR, D2 ), MakcmaribHbIX CKOPOCTEN ABUKEHNS TpyHTa

(Vinax), AHaMWUUYecKUx Moayneii ynpyroctu (Mogaynei FOHra) rpyHTa (E,,,) ¥ koadpdrumneHTos MNyaccoHa (v,,,);

- AnA Tpy6GonpoBoAoB, NpUcoeAMHEHHbIX K 060pyA0BaHMIO UMK CTPOUTENBHLIM KOHCTPYKLMSM, TpebytoTcs
CMeLLEeHWs OMOPHLIX TOYEK NPU HE3ABUCHMBIX KonebaHnax obopyaoBaHWS NN KOHCTPYKLUIA (pUCyHOK 11.3).

11.1.6 MIHTeHCUBHOCTL ceicMMYecknx BO3AeUCTBUIA B bannax no wkane MSK-64 (ceiicMMuHOCTb) Ans paii-
oHa pacnonoXxeHus TpybonpoBoaa cnegyeTt NpUHUMAaTL Ha OCHOBE KOMISIeKTa KapT obLuero ceiicMmMyeckoro pait-
oHuposaHua Tepputopum Poccuiickoin depepaummn (OCP-97), yTeepkaeHHbIX Poccuiickoi Akagemueit Hayk. [ns
TEPPUTOPUN APYIUX rocyaapcTB UHTEHCUBHOCTb CEACMUYECKUX BO3AENCTBUM MPUHMUMAIOT MO AeNCTBYIOLLUM
HaUWOHaNbHbIM CTaHaapTaMm.

KonuuecTBeHHyto oLieHKY CeMCMUYHOCTM NoLaakun pacnonoxeHus Tpybonpoeoaa I, ¢ y4eTOM rpyHTO-
BbIX U TMAPOreosiorMyeckmx ycrioBuii crieyeT NpoBOANTL HA OCHOBaAHUM CECMUYECKOr0 MUKPOpPaioHUPOBaHUS,
KOTOpOe ABMSIETCA COCTABHOMW YaCTbi0 MHXEHEPHBIX U3bICKAHWIA U BbiMonHsieTcsl ¢ cobniogeHnem TpebosaHui
COOTBETCTBYHOLLMX HOPMATUBHbIX JOKYMEHTOB.

Ha nnowagkax, rae He NpoBOAWITOCH CeicMUYecKoe MUKpOpaioHMpoBaHue, AonyckaeTcs onpeaensTb
CeNCMUYHOCTL cornacHo Tabnuue 1 [8].
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11.1.7 CeiAicMMYHOCTb Ans TPy6ONpoBOAOB, 3aLLEMITEHHBIX B FPYHTE, 1 MapaMeTpbl ceicMmiecknx koneba-
HWI rpyHTa HasHavatoT 6e3 yueTa 3arnybneHns — Kak Anst COOPY>KEHUI, pacronoXeHHbIX Ha MOBEPXHOCTU 3eMI1U.

11.1.8 MNonHbIA OTKIMK S OT CeMcMMYEecKMX BO3AEeNCTBIWIA NO HanpaBneHnam oceil X, Y 1 Z BbIMUCASAIOT Kak
CYMMY OTKIMKa OT cTaTuyeckux BO34eNCTBUIA U3 pacyeTa no atanam 7 n 8 B cootsetcTBun ¢ 11.1.4 n Hanborb-
LLero 13 oTKNUKOB Sy, Sy U Sy.

34ech OTKIMK — OTBETHAsA peakLMsl KOHCTPYKLMIW Ha celicMUYecKoe BO3MYLLIeHKe B onpeaeneHHoM ceve-
HWUKM TpyBonpoBoda (nepemMelleHne, HanpspKeHWe, BHyTpeHHee ycunue, Harpyska Ha ornopy 1 T. 4.). Ecnv npu
BbIMUCIEHUM OTKIUKOB UCMOMbL3YHOT YCNOBUS MPOYHOCTY (Tabnuua 8.5), To X NpUHUMAatOT Kak Ans atanos 7 1 8.

Sy, Sy U S;— oTKNMKM Npu ceicMMUeckoM BO3AeNCTBNM BOOMNb HanpaBsneHuii ocen X, Y n Z;

11.1.9 MNpu BbIMUCNEHNM OTKITMKOB OT CEACMUYECKMX BO3AEWCTBUIA pacyeT NPOBOASIT MPY HYITeBOM pacyeT-
HOM JaBfeHUU p, NpY 3TOM XapakTepUCTUKU MaTeprana NpUHUMAOT Npu pacyeTHOW Temnepatype &.

11.1.10 MosHbIi OTKNK B ceHeHumn TpybonpoBoaa S; COCTOUT U3 Tpex YacTeil:

- OTKITUK OT AeNCTBUS UHEPLIMOHHBIX HArpy3oK, AEACTBYOLLMX HA HaA3eMHON YacTu Tpybonposoaa. Beluuc-
NAOT MO 0AHOMY U3 TPEX MEeTOA0B MO BbIGOPY NPOEKTHOI OpraHn3aumm:

- MeTO/[ 3KBMBANIEHTHON cTaTUYecKon Harpysku (cM. 11.4),

- IMHEeNHO-CNeKTparnbHas Teopus ceMcMocToKocTH (cM. 11.3),

- MeTo4 AVHaMn4eckoro aHanmaa (cMm. 11.5);

- OTKITMK OT BO3AeNCTBUS AedbopMaLyii rpyHTa Mpy NPOXoXAeHUU NPoAoSIbHbIX, CABUMOBbLIX CEACMUYECKNX
BOIH 1 BorH Penes (cm. 11.6);

- OTKIIMK OT B3aMMHbIX CMELLLeHWiA onop TpyBonposoaa npu NPOXOXKAEHWN CEACMUYECKNX BOSTH U CMELLeHUIA
nprcoeanHeHHoro 0bopyaoBaHNS UM CTPOUTENbHBIX KOHCTPYKLMIA, BbI3BAHHLIX CEACMUYECKM BO3AEACTBNEM
(cm. 11.7).

MoMHbIA OTKNWK BLIMUCNSIOT Kak KOPeHb KBaApaTHbIA U3 CYMMbl KBAAPATOB OTKITUKOB OT MHEPLIMOHHbIX Ha-
rpysok, gecpopmanuii rpyHTa u cCeMCMUYECKUX CMeLLeHA onop.

11.2 PacyeT Hag3semHoro Tpybonposoaa. O6liue nonoxeHus

11.2.1 OueHKy CeiCMOCTOMKOCTU NPOBOASAT NpU AEUCTBUN ABYX ropusoHTanbHblX j={X, Y} n BepTukans-
Horo j = {Z} HanpasneHWnit CeNCMNUYeCcKoro Bo3gencTBUSA, MPY 3TOM BENUYNHBI CEACMUYECKNX HAarpy30K B yKasaH-
HbIX HanpaBneHWsIX AonycKaeTcst onpeaensTs pa3aesibHo.

11.2.2 MakcumarnsHoe ropusoHTansHoe yckopeHne A2 npu semneTpsiceHn Ha cBoBOAHON NOBEPXHOCTU

rpyHTa criegyet onpeaenATb no AaHHbIM CEACMUYECKOro pakoHUPOBaHUA U MUKpopaioHupoBaHus [9] — [11],
KOTOpbIe NOoMy4aoT Ha OCHOBaHUW aHanM3a akceneporpamm bornee paHHUX 3eMIeTPSICEHUIA B palioHe CTPOUTENb-
CTBa UMK B aHANOMMYHbIX MO CENCMUYECKUM YCITOBUSIM MECTHOCTSIX. BeNUUYUHbLI NpMHUMaeMbIX MakCMMaIbHbIX
pacHETHbIX YCKOpPEHWUI NO akceneporpammam AoSKHbI ObITb He MeHee yKasaHHbIX B Tabnuue 11.1.

11.2.3 lNpu ceicMrU4HOCTU MnoLwaaku 8 6annos n 6onee, NOBLILLIEHHON TOMNBKO B CBSI3U C HANMYMEM IPYHTOB

Il KaTeropuu, K 3Ha4YEHWIO YCKOpeHUs Al"a* BBOJST MHOXUTENb 0,7, yunThIBalOLLMIA HenuHeliHoe AecopM1poBa-

HWe rpyHTOB MpK CENCMUYECKUX BO3AENCTBUSX [14].

max

Tabnuua 11.1 — 3Ha4eHNsA CENCMMUYECKOTO YCKOPeHUst Ap

PacueTHass ceicCMUMHOCTL Nnowanku , 6annbl 6 7 8 9 10

CelicMuueckoe yckopeHne Ape:, m/c? 0,5 1,0 2,0 4,0 8,0

11.2.4 KoadpdmumeHT CooTHOLLEHUS BEPTUKAIIBEHOTO U rOPU3OHTaNBHOMO NUKOBLIX YCKOPEHUN K|, HasHa4aloT
Ha OCHOBE AaHHbIX ceicMUyeckoro MukpopaoHuposaHus [10], [11]. Ecnu aaHHble OTCYTCTBYIOT, cneayeT npu-
HumaTtb Ky, = 0,7.

11.2.5 KoadbpuumeHT K|, B 3aBUCMMOCTM OT koahdpuLmeHTa AeMncuposaHua npuHumaroT no tabnuue 11.2.
Ans npoMexyTo4HbIX 3HaYeHWi £ gonyckaeTcs FIMHeHas UHTEPNONALWA.

Mpu OTCYTCTBUM TOUHBLIX AAHHBIX PEKOMEHAYeTCS:

- ans Tpy6onposoaos D, > 300 MM oTHocUTenbHoe AeMndupoBaHue npuHumMats € = 0,03 u K,=1,48;

- ans Tpy6onpoeogoB 100 Mmm < D, < 300 MM oTHocuTensHoe AemncdupoBaHue npuHuMaTth &=0,02 u
K, = 1,65;

- 4nsa Tpy6onposoaos D, < 100 MM oTHocuTensHoe AemnduposaHne npuHnmats € = 0,01 n K, = 1,94.
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Tabnuya 11.14 — KoathdmLmMeHTbI, yunTbiBatoLLye 0THOCUTEIbHOE feMndimpoBa-

Hve
OTHocuTenbHoe AemMndupoBaHue £ MonpaBoyHbIli ko3hrLMEHT
0,20 0,65
0,10 0,87
0,07 1,00
0,05 1,18
0,04 1,30
0,03 1,48
0,02 1,65
0,01 1,94
0,005 2,16
11.2.6 Ons Tpy6onpoBoda, pacnosiokeHHOro Ha HU3KMX Onopax, pacyeT MakCHMasibHbIX YCKOPEeHWUiA npo-

BOASAT C WCMNO/MIb30BaHMEM CMeKTPoB oTBeTa (KoapduUMeHToB AuHaMnuHocTu) p(T 1), COOTBETCTBYIOWMX yCTa-
HOBKe TPy60NpoBoAa Ha NOBEPXHOCTU FPyHTA.

B 3TOM c/lyyae MakcUMasibHble pacyeTHble CelicMuUeckne yCKopeHus ans K-i popMbl KonebaHuii Tpy60-
NpoBOAAa pPaBHbI:

Ajk =AM Kvm ) K QK,KAK4,
(11.1)

vy A" K vKoK,KaKv,

roe /4™x — mMakcumanibHoe TOpU30HTa/IbHOE YCKOpeHue Mpu 3eMeTpsiceHUU Ha cBOGOAHOW MOBEPXHOCTU

TPyHTa;

P (TK) — cnekTp oTBeTa (KO3 PULMEHT AUNHAMUYHOCTM), NPUHMMAEMBII NO AaHHbIM CEACMUYECKOTO MUKPO-
paiioHmpoBaHus [10], [11]. Mpu OTCYTCTBUM AaHHbIX CEACMUYECKOro MMKpopalioHupoBaHusa p(TK) TpUHUMAT Mo
Tabnmye 11.3 [8];

Kv — K03hhULMNEHT BEPTUKA/IBHOTO CEICMUYECKOr0 yCKOpeHus. MNpy BO34EACTBMM B TOPU3OHTA/IbHOM Ha-
npasneHun j = {X, Y} npuHumatot Kv = 1, npyn Bo3aeicTBUn B BePTUKaANILHOM HanpasneHun|j = {Z} npuHumaioTt
cornacHo 11.2.4;

KO — koathdhmuMeHT, yunTbiBaIOLWMIA Ha3HauYeHe 1 OTBETCTBEHHOCTb TPY60ONpoBOoAa, onpesensoT cornacHo
Tabnvue 11.4;

IC, — Ko3athpULMEHT, yunTbIBaKOLWMIA gonyckaeMble noBpexaeHus, Kn- 0,25;

KA — koathdhmumMeHT, 3Ha4YeHna KOTOporo cieayeT npuHumarhb no Tabnauue 11.5 B 3aBUCMMOCTM OT COYeTaHus
pacuyeTHOl CeliCMUYEeCKO MHTEHCMBHOCTU Ha kapTax A, B n C komnnekta kapt OCP-97;

Ky — KoadhhmumMeHT, yunTbiBatoLwmin CnocobHOCTb TPY60NpoBOAa K pacCeUBaHNIO SHEPTMMW, NMPUHUMAEMbIN B
3aBUCMMOCTU OT OTHOCUTENBHOTO AemndupoBanns EcornacHo 11.2.5;

TK — K- nepuog konebaHuii Tpy6onposoja.

11.2.7 Ana dopm konebaHuit ¢ nepuogom Tk meHblie 0,03 ¢ (c yacToTamy JK Bblwe 33 ') cnepyet
NPUHUMAaTH

P(r*)K¥ =11 (112
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Tabnunya 11.3 — CraHfapTHble 3HaYeHUA KOIPULMEHTA AUHAMUYHOCTHU

Kateropus rpyHTta

Mepuop KonebaHui,
no celiCMUYecKum PvoA KoadhpunumneHt guHamMmumyHocTH
o Thp c
cBoiicTBam
Inll 7*<0,1 ¢ P(7*)= 1+157*
0,1 < Tk< 0,4c P(?/C) =25
Tc™0,4cC

P(7*) =tax |2'52"TT:0'8}

*
n 7m<0lc P(7*)=1 +157*
0,1 <Tk<08¢ P(7/c) = 2,5
Tk>0,8 c

P(7*) = Tax |2'5°T 7;0°8 |

Tab6nuya 11.4 — KoadhduuymeHT KO, yunteiBaloLwmii HasHavyeHne 1 OTBETCTBEHHOCTb Tpyb6onpoBosa

HasHaueHue 1 OTBETCTBEHHOCTb TPy6ONpoBoaa 3HaveHve KO

1 Tpy6onpoBoabl, (PYHKLNOHNPOBAHNE KOTOPbIX HEOOXOAUMO NpU 3eMNeTPACEHUN K noc-

ne 3emMmneTpaceHus 1,5
2 Apyrne Tpy6onpoBoAbl, He yka3aHHble B 1 1 3 1,0
3 BpemeHHble Tpy6onpoBoAbl CO CPOKOM 3kcnayatauum go 3 net 0,8

Ta6nuya 11.5— KoadpdpuumneHT KA B 3aBMCMMOCTU OT COUYETAHWNI pacyYeTHON CeiCMMNYeCcKol MHTEHCUMBHOCTU Ha KapTax
A, B n C komnnekta kapt OCP-97 [8]

MHTeHcnBHOCTL (B 6annax MSK) Ha kapTax OCP-97

Ne coueTaHwuii 3HaueHne KA
OCP-97-A OCP-97-B OCP-97-C

1 7 7 7 1,0
8 8 8
9 9 9

2 7 7 8 1,2
8 8 9
9 9 10

3 7 8 8 1,4
8 9 9
9 10 10

4 7 8 9 15
8 9 10

MpumedyaHune — MNpn MCNONb30BaHUM pe3yNbTaTOB CECMUYECKOT0 MUKPOpPamoHMpOBaHMUS NNOLWALKN

pacnosioxeHust Tpy6onpoBoja 3HaueHne KoapdpuuymeHta KA npuHuMaioT pasBHbiM 1,0.
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11.2.8 ns NpoTsPKeHHbIX TPYBONPOBOAOB PEKOMEHAYETCH YHUTLIBATb AOMONHUTENBHOE MMApoANHaAMMYec-
Koe [jaBfieHne TENIOHOCUTENS NPU CeCMUYECKOM BO3AEVCTBUW, onpeaensiemoe no dopmyne

Poeiiem :Alqzi‘x Ky KVpel—v (1.3)

rae pg — NIOTHOCTb TENSIOHOCUTENS;
Ky, — KoahduLIMEHT BEPTMKANBHOMO cericMmnyeckoro yckopeHust. Mpu BosgencTeun B ropu3oHTanbHOM Ha-
npasneHun j = {X, Y} npuHnmMatoT K, = 1, Npu BO3AECTBUM B BEPTUKAIIbHOM HanpaeneHun j = {Z} npuHumaiot Ky,
cornacHo 11.2.4;
L; — obuias npoTskeHHOCTb TPYGOMNPOBOAA BAO L HANPARMNEHNsS CEACMUYECKOro BosaencTaunsa j={X, Y, Z}.
MpoTsbkeHHOCTb L; He [ormkHa npesbiwatk BenuuuHy 0,5 C, Ty, rae C, — CKOpOCTh 3ByKa B BoAe
(Ce = 1300 m/c), a T, — npeobnagarownii nepuod cerncMuyecknx konebaHuii rpyHTa, BeM4MHa KOTOpOro

npuHYMaeTcs pasHoi 0,5 c.
11.3 Pacuet Hap3emHoro Tpy6onpoBoa No NMHEeWHO-CNeKTpanbLHON Teopuun

11.3.1 Pacuet Tpybonposoga no IMHenHo-CriekTpanbHoWM Teopum siensieTcs 6onee ToUHbIM U MeHee KoHcep-
BaTWBHbLIM M0 CPaBHEHUIO C METOAOM 3KBMBAIIEHTHON CTAaTUHECKON Harpy3ku.

11.3.2 NuHeHo-crekTpanbHas Teopys NPUMEHUMA TOMNBKO Af1s pacqeTa IMHEeWHO-YMPYIMX CUCTEM, NOSTOMY
npu pacyeTe Hag3emMHoW YacTy TpyBonpoBoaa BIUSIHUE CUM TPEHWS MOXHO He YUUTLIBATL.

Onsa npubnukeHHOro ydeta cui TPeHUs JoryckaeTcsl UCnonb3oBaTb NPUGNWKEHHbIA MeToq «uHeapu-
3auumn» TpeHus. [1na aToro no HanpasfeHWo, NPOTUBOMOMOXHOMY BEKTOPY CENCMUYECKOro nepeMeLLeHns Ha
orope, ycTaHaBNMBaeTCs YNpyras cBsi3b, )KeCTKOCTb KOTOPOW BLIYUCAAIOT No chopMyne

(11.4)

c_4b8Yy
T3 Apax’
rae Apax — MakcuMarnbHoe nepemeLLeHue oT CeCMUYECKUX BO3AEWCTBUI;
L — AMHaAMUYECKUA KOSPPULNEHT TPEHURA, KOTOPbIA peKoMeHAYeTCA onpeaensitb NyTeM YMHOXEHUS

koatpchbmumeHTa TpeHus Ha 0,5;
Qy — BepTukanbHoe AdasneHue TpybonpoBoda Ha MOABMXHYIO ONOPY OT CTATUYECKUX Harpysok (pu-
CyHok 8.1).

3HayeHve MakcManbHOro nepemMeLLeHust A, onpeaensiioT B pesynsraTe Cepumn pacieToB MeTOA0M Noc-
negosaTenbHbIX MPUBNIKEHNIA.

11.3.3 PacueTHas guHammnyeckas Mogenb A0MKHA COCTOSATbL U3 JOCTAaTOYHOro KONMYecTsa AMHAMUYECKUX
cTeneHen csoboabl (Macc). Konnmuectso AuHamMnyecknx cteneHeh cBobofbl cUMTaeTca 4ocTaToqHbIM, Koraa yBe-
NMYEHNe UX Ynicna He NPUBOAUT K M3MEHEHUIO OTKIUKOB Gonee YeM Ha 10 %. B kavecTBe Apyroro Kputepus
[OCTaTOMHOCTW YUMUTEIBAEMOTO YMca cTeneHel cBo6oabl MOXET BbiTb UCNONbL30BaH CReayLLMIA: KONUYEeCTBO
cTeneHei cBo6oabl CMCTEMbI AOSMKHO NO KpaiHelk Mepe B ABa pasa NPeBOCX0AUTb KONUYECTBO COBCTBEHHbIX
dopM KonebaHwWii Npu onpeaeneHny peakL i CACTEMBI.

11.3.4 B ocHOBY NHENHO-CNEKTpanbHOro MeToAa NoMoXeH MeTo NpUBeAeHNs, KOTOPbLIN NO3BONSAET CBECTH
NMHeHyto cucTemy ¢ N cTeneHsiMm ceo6obl K N 3KBUBANEHTHBIM CUCTEMaM C OAHON cTeneHblo cBobokl, Hano-
XeHue konebaHwii KoTopbIX AaeT B cyMme KonebaHue UcxogHol cuctembl. 3HaveHUs COGCTBEHHBIX YacToT U
BEKTOPOB cOBCTBEHHLIX hOpM kos1ebaHWii onpeaensoT Us peLleHus 3afadn 0 COBCTBEHHbIX 3HAUYEHUSIX:

((KI-0F MINy,)=0; k=12,... (11.5)

rae [K] — maTpuua ecTKoCTU CUCTEMbI;
[M] — maTtpuua macc cucTemsl;
[y,] — BexTOp K- hopMbl cOBCTBEHHBIX KonebaHuiA;
@, — Kpyrosasi yactoTa k-1 dopMbl cOBCTBEHHbIX KonebaHuii, pag/c.
TexHuyeckyto YacToTy k-1 hopmbl konebaHui BeIMUCASIIOT no dhopmyre

D
T 2n

Mepuog k- cbopmbl kKonedaHuin BeIMUCASIOT No dopmMyne

f, T, (11.6)

To=7 ,c (11.7)

s
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11.3.5 Ona Bcex vactoT fk<fyth onpegensaioT BeKTOpP WHEPULMOHHbLIX CEACMUYECKUX Harpysok, AeincT-
BYIOLLMX B HANpPaBneHn 0606LLEHHBIX KOOPANHAT CUCTEMbI NPU KonebaHusax no /c-i hopme:
IFj K =AJK[MK{yK<t] K, (11.8)

rae Aj K— MakcMMmasibHOe pacyeTHoe ceicMuyeckoe ycKopeHue ans K-i hopmbl konebaHuii Tpy6onposoga npu
BO3AelicTBuM B HanpasneHnnj-{X, Y, Z};
fyHh — 3HauyeHune YacToTbl, COOTBETCTBYHLLEN «YCKOPEHUIO HYNEBOro nepmnoga» Ha cnekrpe. Mpu fk> fym
YCKOpPEHWSA Ha CMeKTpe paBHbl MOCTOSAHHOMY 3HadYeHuto 1. Ansa ctaHgapTHbIX cnekTpos oTeeTa [8] fym= 33 Iy,
dy K— hakTop «y4yacTuss» mMacc Ansa K- opmMbl COBCTBEHHbIX KOlebaHWn Npy BO3AENCTBUM B Hanpase-
Ham j ={X, Y, Z}:

_ {ykiTm {jj}.
w TT{yKY
{Jj} — BekTOp HanpaBASAKLNX KOCUHYCOB CENCMUYECKOro BO3AeNCTBMUSA
{Jj} - {cos aly}; (11.10)

a-y— Yron mexay HanpaBfeHuem celicmmyeckoro Bo3geicteus) -{X, Y, Z} n [-li0606LweHHOA koopau-
HaToiA.
11.3.6 [ns yyeta «NOTEPSAHHON» Macchl ONpeAensoT «0CTaTOUHbIV» BEKTOP AOMOMNHUTENIbHON KBa3ucTaTu-
YEeCKOW Harpysku, yunTbiBaloLLEN BKNad BCEX HEYUTEHHbIX BbICWNX hopM KonebaHnii fk< fyH

[FII=ALHIM {3j3- X {YK) b1k (11.11,

roe s — KosimyecTBo (hopm KosiebaHuii, AN KOTopbiX BbiNoNHSAeTCs ycnosue fk< fyH
Aj yH1— yckopeHune HyneBoro nepuoga no HanpaeneHuwj-{X, Y, Z}.
11.3.7 OTKAUKM (HanpshKeHUsl, NepemMeLLeHns N T. 4.) B CUCTEME ONPEeAenstoT OT AeliCTBUS CTaTUYEeCKn

MPWIOXEHHbIX B y3/M1ax ceiicMuUYecknx Harpysok | Fykl v I F-\ 1 3aTem cyMMuUpyioT 45t Kaxkaoi hopmMy KonebaHmii

no metogy KKCK:

1112

34ecb: Sy— OTKIMK B paccMaTpuBaeMOM CEYEHWM MpU CENCMUYECKOM BO3AEWCTBMM MO HanpaBieHUIo
i ={X, vy, Z}
Sy K— OTK/IMK B paccMaTprBaemMoOM CEYEeHUN OT MHEPLMNOHHBIX Harpy3ok [Fy J];

SY — OTKAUK B paccMaTpuBaemMoM CEYEHUN OT MHEPLMOHHbIX Harpy3ok [F”].

Ecnu yacTtoTbl k\1 M K+ 1-li popMbl COGCTBEHHbLIX KO/le6aHii oTAnyatTcsa MeHee Yyem Ha 10 %

FOK ~ 10K +1
.01 (11.13)
L
To BMecTO (11.12) ncnonb3ytoT meTtos «CCHO»:
X (ek:g-Sj:k-Sj, ]+ (s*
jke1gmy G ASEK-ST I+ (s (11.14)

roe Sy k, Sj g— OTKAWK Mo /c-A 1 of-1 COBCTBEHHBIM hopmam;
€K q— K03 hULMNEHT Koppensauumn mexay/c-ii n ¢\ cobCTBEHHbIMK hopmamu

tiNAQWGg “kfk +”gfgxkfq

11.15
Zk'q \fk - fqf + ~ q fkfgiff + fq)+4 11 +tq Y? fg ( )

Ek, — moganbHble koaduLmeHTbl gemndunpoBanHus ansa/c-i n g-in Co6CTBEHHbIX OPM.
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11.4 Pac4eTt Hag3eMHoro Tpy6onpoBoga MeTo40M 3KBUBaNeHTHON CTaTUYECKOW Harpy3ku

11.4.1 MeToq 3KBMBANEHTHON CTATUYECKOWN Harpy3ku — MpUBNKeHHbI MeTog OLLeHKN CeMCMOCTOMKOCTH,
obecneunBatoLLMin, Kak NpaBuio, AOMOSHUTENbHLIA 3anac ceiCMOCTOMKOCTM MO CpaBHEHULO ¢ bonee TOUHbIM
METOLOM aHanM3a cecMOCTONKOCTU MO NTIMHEHO-CNIEKTpansHOW Teopui. Mpn pacyeTe Haa3eMHOR YacTu Tpy6o-
NpoBoAa METOAOM 3KBVBANEHTHOW CTATUYECKOM HAarpy3ku MOXeT ObITb YY4TEHO HENMUHeRHOE NoBegeHNe CUCTEMBI:
TpeHue, 0QHOCTOPOHHNE OMOPLI, OMOPLI C 3a30pamMU (AHTUCERNCMUYECKE YNOPLI) U T. 4.

11.4.2 Cunbl TpeHUs Npu pacyeTax METOAOM 3KBUBANEHTHOI CTATUYECKOW HarpysKku pekomeHayeTcs He
yunTbiBaTb. B cnyyae BbINOMHEHWS pacyeToB € y4eTOM CUIT TPEeHWS criedyeT UCToNb3oBaTh «4MHaMUYeckue»
k03hpULINEHTBI TPEHNS, KOTOPbIE PEKOMEHAYETCsI OnpeaensiTb NyTeM YMHOXeHUs1 koaduLMeHTa TPEHUS, NCMomb-
3yemoro npu ctaTnydeckux pacyetax, Ha 0,5.

11.4.3 OnpegensioT BeKTOp SKBMBASIEHTHBLIX CTATUYECKWX HAarpy3oKk mpy BO34EWCTBUM B HanpasfeHWuu
j={X, Y, Z}, neicTytoLLMX B HarnpaBneHn 06o6LLEHHEIX KOOPAUHAT CUCTEMBI:

LFil =+ A; (M), ., (11.16)
rae A;— MakcimaribHOe PacueTHOE CeicMUYEecKoe YCKopeHUe Npy pacieTe METOAOM SKBUBANEHTHO cTaTnyec-
KOW Harpysku.

11.4.4 Pac4eT MakcumarbHbIX YCKOPEHWA MPoBOANAT Mo dopmMyne
A = 1.3 AT Ky Brmax KoK1KaK,y, (11.17)

r

rae 1,3 — koadbdpmumeHT 3anaca, y4nThbIBaoLLMA BOZMOXHYIO NOrpeLlHOCTb MeToda No CpaBHEHMUIO C NIMHENHO-
crekTparnbHOW Teopuren;

Ky — KoathdrLMeHT BepTMKanbHOro ceicmmyeckoro yekopeHus. MNpu Bo3geicTBuM B ropusoHTanbHOM
HanpaeneHun j = {X, Y} npuHumatot K, = 1, npy BO3AENCTBUN B BEPTUKAIIbHOM HanpasrieHun j = {Z} npuHumaiot
Ky cornacHo 11.2.4;

Brmax — MakcumanbHoe 3HaveHue koadhduuyeHTa AMHaMUYHOCTU:

Bmax = max (B(Tk» = 2,5 (11 18)

11.4.5 OTKNVKN (HanpskeHUs1, NepeMellieHna n T. A.) S; B cucTeme onpeaenstoT oT AedCTBUA cTaTUYecku
MPUSIOXKEHHBIX B y3/1aX CEACMUYECKMX Harpy3ok |_F,~J.

11.5 PacueT HajaeMHoro Tpy6onpoBoaa MeTo40M AUHAMUYECKOrO aHanu3a

11.5.1 Pac4yeTt Ha CeMCMOCTONKOCTb MOXXHO NPOBOANTL METOAOM AWHAMUYECKOrO aHanu3a ¢ UCNonbL3oBa-
HVWEeM pacyeTHbIX akceneporpaMM Ha OTMeTKe yCcTaHOBKW onop Tpybonposoda. Buibop pacyeTHbIx akcenepo-
rpamm NPOBOAAT HA OCHOBE UCCNEAOBaHUIN cecMUYecknx konebaHuii rpyHTa unu CTpouTENbHBIX KOHCTPYKLUIA,
Ha KOTOpbIX 3aKkpennsieTcsl Tpybonposoga, nn UCNONb3YHT CUHTE3UPOBAHHYIO pacHeTHYIO akceneporpammy. MNpu
OLieHKe NPOYHOCTY B 3TOM Clydae NPUMEHSIOT AUHAMUYECKNE NPOHHOCTHBIE XapaKTEPUCTUKN KOHCTPYKLUUOHHBIX
mMaTtepuaros 1 rpyHTa.

TpeboBaHusi HacTOsILLEro MyHKTa pekoMeHAyeTcsl NPUMEHATb Ana Tpybonposoaos, NpeacTaBAsoLmnX
co6oli AMHaMU4ecKne CUCTEMbI C BLICOKOIN CTENEHbI0 reoMeTpUYECcKon, hU3n4eckon UM KOHCTPYKTUBHOW Heru-
HEeNHOCTW, MPY HANUYMK cneLmasnbHOro TeXHNYeckoro o6ocHoBaHUA. Mpyn 3TOM A0MKHO BbIThb YUTEHO B3auMogen-
cTBUe TpybonpoBoAa € ONopHLIMU KOHCTPYKLMSIMU, FPYHTOM U NpUMbIKatoLWuM 060pyaoBaHUeM.

11.5.2 B ka4ecTBe BHELUHEro ceriCMn4Yeckoro BO3aenNCTBUA UCNONb3YIOT akceneporpaMMbl ABWKEHUS Ornop
W KpenneHuii pac4eTHoN Mmodenu Tpy6onposoaa, NonydYeHHble 4na OTMETOK YCTaHOBKM ONop.

11.5.3 AnHamMuueckunii pacHeT CUCTEM C KOHEYHBLIM YUCITOM cTeneHel ceoboabl MOXET GbITb BLIMOSHEH MO
HESIBHOWN UIN SIBHOW BLIYUCIIUTENBLHOWN CXeMe € y4ETOM reoMeTpUHeCcKom, hU3NIECKOR NN KOHCTPYKTUBHOM HENU-
HeliHocTel. B cnyyae ncnonb3oBaHvs HEABHOW BbIMMCIIUTENBHON CXeMbl pacHeT NpoBOAAT MeTo4amn YACTEHHO-
ro UHTerpupoBaHusi cuctem avdpcdepeHumanbHeIX ypaBHEHWUIA BUAA:

[MI{x } + [BI X} + [Cx} + {R} = = ¥ (t) [M] {cos a3, (11.19)

rae [M] — maTpuua macc (MHepuun);
[B] —maTtpuua aeMndupoBaHns;
[C] — maTpuua xecTkocTy;
{x}, {x}, {x}— BeKTopbl OTHOCUTENBHBLIX YCKOPEHUIA, CKOPOCTEN U NEpPEMELLIEHUIN COOTBETCTBEHHO;
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{R} — BeKTOp peaKTWUBHbIX CUI OT HENIMHEWHbIX CBsI3el. BekTop aTux cun, AeNCTBYIOWUX B HanpasneHuu
0606LLEHHBIX KOOPANHAT CUCTEMBI, MPeACcTaBnsAeT coboli cyMmy peakumii AONONHUTENbHBIX HENMHENHBIX CBA3E
cucTembl: aeMncepoB, amopTU3aTOPOB, KYCOUHO-NMHENHBIX CUCTEM (YNPYrMX Onop € 3a3opamu, Bblkovato-
LLIUXCA CBA3EN), ANEMEHTOB CyXOro TPEHUS U T. 1.;

¥ (t) — yckopeHue ocHoBaHUS pacyeTHON Moaeny (akceneporpamma);
{cos o} — BeKTOp HaNPaBNSIOLLMUX KOCUHYCOB.
Pe3ynbTupyrowuii BEKTOp BHELLHWX Harpy3ok {F}, AefCTBYIOWMX HA CUCTeMY B NI06OI MOMEHT BPEMEeHM,
onpeaenstoT no hopmyne

{F}=[C] {x}- (11.20)

Mo BLIMUCIEHHOMY 3HaYeHMIo BekTopa {F} onpeaensiioT BHYTPEHHWE YCUNUS 1 HaNPSHKeHWS! B pacHeTHbIX
ceveHuax Tpy6onpoeoaa.

B kauecTBe pacyeTHbIX OTKIMKOB MPUHUMAIOT UX HAUBOMbLLIKE U HAMMEHbLUVE 3HAYEHUS, BO3HUKalOLLME B
KaXKZoM ceueHun TpyGonposoaa 3a Becb Nepros BpeMeHU UHTErPUPOBaHUA YPaBHEHUA ABUKEHUS.

11.6 PacueTt nogsemHoro Tpy6onpoBoga 6eckaHanLHOW NpPoOKNaaku

11.6.1 Ycunus u nepemelleHnst B TpybonpoBoae onpeaernsitoT oT ero COBMECTHLIX AedopMaLnii ¢ OKpyxa-
IOLLIMM FPYHTOM NP NPOXOXAEeHUU ceicMmyeckux BosH. Mpun o6ocHoBaHUM CeMCMOCTORKOCTU Tpy6onpoBoaoB
6eckaHanbHo NpoknaakM HeobXxoANMO YUMTLIBATL YCUNUS U NepeMeLLeHUs, KOTOpble MOTyT BO3HUKaTb U3-3a
noragaHus pasnnyHbIX ceveHun TpybonpoBoaa, aHKepHbIX Orop, MOBOPOTOB M OTBETBIEHUN B pasHble chasbl ceit-
CMUYECKUX BOJSTH.

11.6.2 Yeunus n nepemelleHus B TpybonpoBoaax, CBsi3aHHbIE C MPOXOXAEHUEM CENCMUYECKNX BOSTH,
crneayeT onpeaensitb C y4eTOM HanpasiieHusi ABUXKEeHWUS Ans crieQyoLwmux TUMoB BOSH:

- npogoneHas (P-sonHa),

- nonepeyHas (S-sonHa),

- BornHa Penesi (R-BonHa).

Bce Tpy TNa BOSH XapaKTepusyroTCsl CKOPOCTbIO pacrnpocTpaHEeHUsl B PasnuuHbIX rpyHTax Vp, Vs, Vi
ANVHON Ap, Ag, Ag W HANpPaBNeHNeM CMeLLIEHUA TOYeK MaccuBa rpyHTa OTHOCUTESNbHO HanpaBieHus pacnpocTpa-
HeHWs1 BONHbI (pUcyHok 11.1).

®pOoHT BOMHbI ABMKETCS BAOSb HEKOTOPOro 334aHHOIo BEKTOPA, U TOUKU C MaKCUMarbHbIMU NepemMeLLeHn-
SIMW FPYHTa B pasnyHble MOMEHTbI BPDEMEHU MOTYT COBMagaTh C pasfiMyHbIMU ceveHUaMK Tpybonposoaa (oTBo-
AaMu, OTBETBMNEHVSIMI, MEPTBLIMU OMopaM1 U T. 4.).

11.6.3 Cnegyet paccmaTpuBaTb Hamboree HeBbirogHoe codeTaHue chasbl, HanpasBneHUs ABWKEHUS U TUna
ceicMUYECKO BOMHbI MY onpeaeneHnn OTKIUKOB AN KaXA0ro oTAeNbHOro ceveHus Tpybonposoaa. Ecnu tpy-
GonpoBoa UMeET CMOXHYH NPOCTPAHCTBEHHYH KOHDUIypaLmto, TO NPOBOAAT HECKONBKO pacyeToB AJls pasnuy-
HbIX TUMOB BOJTH U 1X ¢ha3oBOro cMeLLeHust (cM. 11.6.4). Takke HeobXxoANMO PaccMOTPETb HECKOSBKO BO3MOXHbIX
HanpasneHuin pacnpocTpaHeHusl hpoHTa ceiicMmnyeckunx BonH. Mo pesynsratam pacyeTa Ans KaXaoro ceYeHus
BbIGUpaloT HauXyALlee 3HaUeHWe OTKIUKA U3 BCEX PaCCMOTPEHHbIX BapUaHTOB.

Mo pesynkraTaM pacyerta, B criydae HEBbIMOSTHEHUS YCIOBUA CENCMOCTONKOCTU, NPUHUMAIOT peLleHue 06
M3MeHeHuM cxeMbl Tpy6onpoBofa, a 3aTem NpPoBOASAT MOBTOPHLIV pacqeT Tpy6onposoaa.

Mpumepbl onpegeneHns HanpsbkeHui B Tpybonposoaax 6eckaHanbHoM Npoknagkn oT CENCMUYECKUX BO3-
OEeVCTBUI ANst HEKOTOPbIX YACTHBIX CIy4aeB NpvBeAeHbI B punoxeHun XK.

11.6.4 [ins BblYMCNEHNs OTKIMKOB S; (HANpsbkeHWiA, nepeMellieHnin v T. 4.) Tpy6onposoia Npon3BonbHOM
NPOCTPaHCTBEHHOW KOHUIypaLmm ¢ y4eTOM CUI NPOAOSTLHOTO TpeHUs 1 BOKOBOTO OTMopa rpyHTa Mpu Npoxoxae-
HUM P-, S- 1 R-BOIH B 33JaHHOM HanpaBfeHWU pacyeT crieyeT NPOBOAUTL METoAaMU CTPOUTENBHO MEXaHUKK
npy NOMOLLY cneuuanuavpoBaHHbIX KOMMbIOTEPHBLIX MPOrpaMM.

OxpyxatoLnii Tpydy rpyHT MOAENUPYIOT C MOMOLLIbIO HEMMHEWHO-YNPYroro oCHoBaHWA (BAOIb U nonepek
ocu Tpybonposoaa B BepTUKANbLHOM U rOpU3OHTaNbHOM HanpasneHusx). MNpu aTom 4omkHbI UCNoNb30BaTLCSA AW-
Hamuyeckuii moaynb Aedopmaumu rpyHTa (mogynb KOHra) v auHamudeckuin koadpcpuumeHT MNMyaccoHa, onpeaenst-
eMble Mo AaHHbIM ceiicmopa3sBeku [9]. KoathduumeHTsl cuenneHra 1 yron BHYTPEHHEro TpeHusl rpyHTa npuHuma-
10T TAKUMM XKe, KaK NpU cTaTUYECKUX pacyeTax.

MpoxoxxaeHne ceicMUYECKMX BOSTH MOAENUPYIOT NPUHYAUTENBHLIM CMELLLEeHWEM TOYEK IPYHTa NMPU NPOXOXK-
AeHUn celicMMYECcKUX BOSTH ONpeaeneHHoro Tuna 1 B onpeaeneHHoM HanpasneHun, a 3aTem BbIMUCTISIIOT BO3HUKA-
IoLLMe NpUY 3TOM YCUNvsa U HanpsbkeHust B Tpybonposoae.
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LonXHO 6bITb PACCMOTPEHO HECKO/IbKO BapMaHTOB HanpaBaeHus aBMmXeHUs ppoHTa P-, S- 1 R-BOSH U He-
CKOJIbKO BapuaHToB MX ha30BbIX CMelLeHnid (pucyHok 11.17).

ﬁ-ef%?ma ![ ----- PactsxxeHne— 1

-Cxatve m
S-BO/MHa

BonHbl Penes

PucyHok 11.1 — XapakTep ABWKEHUA TOYEK rpyHTa Npu NpOXoXxneHuu
NpoAosibHbIX BOMH «P», BOMH caBura «S» n Penesa «P»

PucyHok 11.2 — BapuaHTbl (ha30BOro CMELLEHNSI CENCMUYECKMX BOJSH

49



FOCT P 55596—2013

11.6.5 MaKkcmasibHY0 CKOPOCTb ABWXEHUA TpyHTa npu 3emsietTpsaceHnn VimexonpeaesnstoT no gaHHbIM
ceiicMMYeckoro MukpopanoHupoaHus (no senocurpammam) [10], [11].

Ecnu Takne gaHHble OTCYTCTBYIOT, TO VIMeXx pekoMeHAyeTCa NpUHMMaTb B 3aBUCUMOCTW OT KaTeropum rpyHra
no celicMmyeckmm cBoicTBam (Tabnuua 1 [8]):

- ana marknx rpyHTos (Il kateropua) Vimex= 0,12 1™ x KOKA,
- Ans ckanbHbIX rpyHTOB (I 1 Il KaTeropum) Vmex= 0,091 KOKA.

11.6.6 MakcumanbHoe ropusoHTasibHoe 0 ™ X 1 BepTukasibHoe 0™ X nepemeLleHne rpyHTa npu 3eMneTps-

CeHun cneayeT onpeaenaTb NoAaHHbIM CENCMUYECKOTO MUKpopaioHnpoBaHusa (No ceiicmorpammam) [10], [11].
Mpy oTCyTCTBUM 6OMIEE TOUHbIX AaHHbIX 4158 HaA3eMHbIX TPy60NpOBOAOB MakCcumMaibHOe ropu3oHTaibHoe

DZT nepewmeLlleHne rpyHTa gonyckaetcsa onpefensats no oopmyne

Dhor  nmax (1121,
mhor KQ@Xa
a MakcumalsibHOe BepTuKa/ibHOE nepemMelleHne rpyHta npuHiMaTb paBHbIM D™ax =

11.6.7 CKOpOCTK pacnpocTpaHeHus B rpyHTOBOM MaccuBe NpoAosibHO Vp, nonepeyHoin 1/3BosH
Penes VRonpepgensatoT no gaHHbIM celicmopassegku [9]). Ha ctagun pa3paboTky npoekta 3HadeHnsa Vp, Vs VR
AonyckaeTcsa NPUHUMAaTb M0 CNPAaBOYHbIM JaHHbIM.

CKopocCTb BOSIHbI Penes gonyckaeTtcs onpefenaTs no opmyne

VR = kVs, (11.22)
roe KoadhuumeHT K < 1 onpefenstoT Kak KopeHb YpaBHeHUs
1 2-un 1
8K6- K4+ 1./n K2- 1 A =0, (11.23)
3[eCb YYH— AMHaMUYECKNn koadpuumeHT MNMyaccoHa rpyHTa.

11.7 PacueT Ha celicMnyeckne cMeLLeHUsa KpenseHui

N BOJH

11.7.1 Kak gnsa Haa3eMHbIX TPy6onpoBOAOB, Tak U 418 TPy60nNpoBoA0B 6eckaHaibHOl NpoKnaaku, npucoe-

AVNHEHHBIX K pa3/InYyHbIM CTPOUTESIbHBIM KOHCTPYKLMAM UM 060pYyA0BaHUI0, [O0/KHbI YYUTbIBATLCA B3aWMHble
CMeLLEeHNs ONOPHbIX TOUEK NPV He3aBUCUMbIX KO/Tle6aHUAX faHHbIX KOHCTPYKLUNUIA BO BpeMs 3emeTpsaceHus (pu-
cyHok 11.3). ins kpennenuii nam gnsa asosbixX rpynn KPenaeHnin, MogennpyoLwmnx npucoeanHeHune K o6opygosa-

HUIKO NN CTPOUTENIbHBIM KOHCTPYKUUAM, OOJDKHbI 6bITb 3ajaHbl MakCnmMmalsibHble celicmnueckne cMeleHna Jyax

Jyax — MakCUMMa/ibHOe OTHOCUTE/IbHOE CMeLleHne Mo HanpaBfeHuto y'= {X, Y, z} KpenaeHus unu asoBoii
rpynnbl KPENIeHUi Npu celicMnyYeckom BO3AeiNcTBUM No HanpasneHntold.

PucyHok 11.3 — CeiicMuyeckme CMeLLEHNS KpenseHui
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11.7.2 B cnyuae, ecnv npy ceiicMU4eckoM BO3AeNCTBUM Ha 060pyaoBaHWE UK CTPOUTENBHYHO KOHCTPYK-
L0 MO HanpaBfieHUIo j BO3HUKAIOT CMELLEHWUS He TOMbLKO MO HANPaBAEHWUIO j, HO U 3HAYUTENbHbIE NIMHENHbIE 1
yrnoBble nepemMeLLieHUs No ApyrMM HanpaseHUsIM, UX Takke criegyeT yunTeiBaTh B pacyete. Ecnv makcumans-
Hbl€ 3HaYeHUs NepeMeLLEeHWI 1 YIIoB NOBOpPOTa KpenneHWiA BO3HWUKAIOT He OAHOBPEMEHHO, cneayeT BbIMONHATb
oTAeNbHbIA pacyeT Ha KaXAblii KOMMOHEHT NnepeMeLLeHuUii, a 3aTeM CYMMUPOBaTh NONYYEHHbIE OTKITUKK NO
npasuny KKCK.

11.7.3 Ecnu 3agaHbl ceicMuyeckne cMeLLeHnst Ans HECKOMbKUX KperneHuin unu ¢pasosblX rpynmn kpeniie-
HUIA, TO OTKIMKW BbIYUCASIOT OTAENBHO OT CMELLEHUIA KaXKaoro KpernneHus unu dasosow rpynnbl KpenneHun n
TIMHENHO CYMMMPYIOT No abCconoTHLIM 3HAYEHUSIM.

11.7.4 Onsi cocyaoB 1 annapaToB OTHOCUTENbHbIE CEACMUYECKUE CMELLLEHWSI TOYEK NpUcoeanHeHnst Tpybo-

nposoaa A7™ onpepenstoT cornacHo [12].

11.7.5 N 3aaHnii 1 CTpOUTENbHLIX KOHCTPYKLUMUIA CEMCMUYECKUEe CMELLIEHWNSI OMOPHBIX TOYeK onpeaensitoT
nmbo 13 pacyeTa Ha ceicMUYeckue Bo3gencTausi IMbo Kak KoHcepBaTUBHOE AONYLUEHWE, U3 NOSTAaXHbIX CNeKT-
pOB OTBETA.

Ons BblMMCIEHUS MakCUMarbHOro CMELUEHUS KakdoW onopbl MO chnekTpam OTBeTa WCNosb3ayloT

chopmyny

2
A’}“"‘" = aTa" /o7, (11.24)
roe a/max — MakcMarbHoe CreKTpanbHoe YCKOPEHUe Ha OTMETKE NpY CeNCMUYECKOM BO3AENCTBIUM NO Hanpae-
nenuno j=4{X, Y, Z};
®; — nepBas cobcTBeHHasi YacToTa koniebaHuin KOHCTPyKUMK, pag/c.

12 NoBepoYHbIN pacyeT Ha NPOYHOCTb TPY6ONPOBOAOB U3 NTMGKUX NONMMEPHbIX
TpYyO

12.1 O6LKe nonoxeHus

12.1.1 PacyeT akcnnyaTaumoHHbIX NapameTpoB (paboyero AaBneHus p, cpoka cnyxbul ¢, u Temnepatypbl f)
rMBKMX NonMMepHbIX TPY6 NPOBOAAT Ha OCHOBE TeMMepaTyPHO-BPEMEHHOWN 3aBUCUMOCTU MPOYHOCTU.
OnuTensHyro NPOYHOCTL TPYD M3 CLUWTOTO NONMUITUINIEHA OMNUCLIBAET 3aBUCUMOCTb BiAa

lgt, = f(T, Ig o), (12.1)
a aAnuTenbHasa NPOYHOCTb apPMUPOBAHHLIX TPYD U3 CLUMTOTO MONUSTUIIEHA

IgP =f(T,Ig t,). (12.2)
3pecek:

T, — pacyeTHoe BpeMs aKcnyaTaumm (CpoK Criyxo6bl), 4;
G — pac4eTHOe HanpsbkeHue B cTeHke Tpybbl, MMMa;

p— pacyeTHoe gaeneHue, Mra;

t— pac4eTHas paboyas Temnepartypa, °C.

SMnupunyeckue 3asucumoctu (12.1) n (12.2) yctaHaenueaeT HopMaTUBHAA AOKYMEHTALMA Ha TpyGbl (CTaH-
papTel, TY 1 T. n.). B 3aBUucMMOCTY OT Toro, Kakue ABa U3 Tpex napameTpoB 3aAaHbl, BO3MOXHbI pa3fnuyHble
BapuaHTLI peLleHusa, NpeacTaBneHHble B Tabnuue 12.1. Kak npasuno, ansa nonyyeHns TpebyeMoro pesynsraTta
HeobxoAnMO UCMob30BaTb METoA NocriefoBaTernbHbIX NPUBAKEHUNA.

12.1.2 HwkenpueeaeHHble MYHKTbI cTaHAApTa u3nararTca NPUMEHUTENBHO K Tpy6am, M3roToBMEHHbLIM Mo
TY 3A0 «3asog AH[ Mastpybnnact» [13] — [15]. Ho B npuHUMNe oHW pacnpocTpaHsaTcs Ha Nobble rnbkne
nonuMepHble Tpy6hbl, Arst KOTOPbIX U3BECTHBLI 3@aBUCUMOCTU (12.1) 1 (12.2).

12.1.3 MNpumepbl pacyeTa cornacHo TpebGoBaHWAM HACTOsLLero ctaHgapTa npuBeeHbl B MpUno-
XeHuu I
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Tabnuuya 121

YpasHeHune 3apatot OnpepensioT
Ty b o
(12.1) ot %,
0 t
(12.2) ot P
p,t Te
T P t

12.2 Hecywan cnoco6HocTb rubkux Tpy6 «Msonpodnekc» u «Msonpodnekc-A»

12.2.1 Hecywuyto cnocobHocTb Tpy6 «M3onpodnekey» U3 cLUMToro NONU3TUNEHa pacCcuMTLIBAIOT MO ypasHe-
HUIO

Ig T, = — 105,8618 + 57895,49/(t + 273) — 24,79971 Ig 5 — 18506,15/(t + 273) Ig o. (12.3)

MpumedyaHune— KosdduumeHTbl ypaBHeHUA ABNSIOTCA OOWENPUHATLEIMU U YCTAHOBMEHLI B TOM unche B
mexgyHapogHom ctangapte [16].

12.2.2 lomkHO BbIMOMHATLCA YCIOBUE MPOYHOCTN
6 < n o], (12.4)

rae n — koadpULMEHT 3anaca, npuHUMaeMsI cornacHo 12.2.7.
3Ha4veHVa gonycKkaeMbIX HanpsKeHWn U COOTBETCTBYIOLLME UM CPOoKU cnyxbbl Tpy6 «Usonpodneke» npu
MOCTOSIHHOM pacyeTHol TeMnepaType npueedeHbl B Tabnvue 12.2.
12.2.3 Jonyckaemoe gaeneHve B Tpybonposode
__2[o]
rae SDR — cTaHAapTHOE OTHOLLEHWE HapyXXHOro AvameTpa K TONWMHe CTeHKu Tpy6bl, oguHakoBoe asst Tpyo
UCNoNbL3yeMol cepun.

Tabnwuya 12.2 — [lonyckaemble HanpsbkeHus anst Tpy6 «MUsonpodnekc»

[onyckaemoe Hanpsbkenue [o], MIMa
PacuetHas Temnepartypa, °C 30 nor py— 0 nor
20 7,76 7,68 7,62
30 5,74 5,68 5,63
40 5,10 5,05 5,00
45 4,81 4,76 4,72
50 4,55 4,49 4,46
55 4,29 4,25 4,21
60 4,06 4,01 3,98
65 3,84 3,80 3,76
70 3,63 3,59 3,56
75 3,44 3,40 3,37
80 3,26 3,22 3,19
85 3,09 3,05 3,02
90 2,93 2,89 2,87
95 2,78 2,74 2,72
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Tab6nwuua 12.3 — [lonyckaemble Hanpsbkenns ana Tpy6 «Msonpodnekc-A»

Donyckaemoe HanpsbkeHue [p], MMNa
PacuetHan Temneparypa, °C 0 or pr— 50 nor
20 2,64 2,61 2,59
30 1,98 1,95 1,94
40 1,79 1,77 1,75
45 1,70 1,68 1,66
50 1,62 1,59 1,58
55 1,54 1,51 1,50
60 1,46 1,44 1,42
65 1,39 1,37 1,35
70 1,32 1,30 1,28
75 1,25 1,23 1,21
80 1,19 1,17 1,15
85 1,13 1,1 1,09
90 1,08 1,05 1,04
95 1,02 1,00 0,99

12.2.4 Hecyluyto crnocobHOCTb apMUMPOBaHHLIX TPYD 13 clLuMTOro nonuatuneHa «Msonpodnekc-A» paccum-
ThIBAIOT MO ypaBHEHUIO

lg p = 1,6599 — 0,0037 (f + 273) + 0,031761 Ig T, — 0,0001482 (t + 273) Ig T,.. (12.6)
3/.1er pacyeTHoe gaBneHne
p=npl (12.7)

KoadhdmumeHTsl 3anaca n npuH1uMaroT cornacHo 12.2.7.

3HayeHWs JonyckaeMbIX AaBEHWIA 1 COOTBETCTBYOLLME cpoku crykbbl Tpy6 «U3onpodnekc-A» npu noc-
TOsIHHOW TeMnepartype, NpuBefeHsbI B Tabnuue 12.3.

12.2.5 [ins Tpy6onpoBoaoBs TemnoBbIX ceTel, paboTatoLumx Npy nepeMeHHbIX YCroBUsX aKkcnyaTaumm (Ko-
nebaHunsi TemnepaTypbl U AaBNeHKs), HECYLLYIO CNOCOBHOCTbL ONPeaensitoT Ha OCHOBE YpaBHEeHW AnNUTeNsHOM
npoyHocTn (12.3) n (12.6) c yueTom TemnepaTypHoi uctopun. ObssaTenbHbIM YCNOBUEM OLEHKN HecyLLel
CrocoBHOCTW rMBKIX NONMMEpPHBIX TPYG, NCIONb3YyeMbIX B TEMOBLIX CETSX, ABMNSAETCS BKIOYEHE B TeMnepartyp-
HYI0 UCTOPUIO MakcumanbHoO AOMycTVMOW TemnepaTypbl (06bl4HO He mpeBbiwatoei 95 °C) u TemnepaTtypbl
100 °C, koTopasi OTHOCUTCS K aBapUAHOMY KpaTKOBPEMEHHOMY BO3JEVCTBMIO.

12.2.6 TemnepaTypHylo WCTOPUIO CTPOSIT HA OCHOBE BEPOSITHOCTHOW OLLEHKM YCIMOBWIA 3KCnlyaTauuu,
1 oHa UMeeT BUA, NpeacTaeneHHbIN B Tabnuue 12.4. B nepsbix ABYX rpadax TabnuLibl NpUBOAAT CPEAHECYTOUHbIE
Temneparypbl HapY>XHOro BO3AyXa 1 UX NpodoMKUTENEHOCTL B TeYeHWe roaa Ans 3adaHHoro reorpadguyeckoro
paiioHa. [1ns kaxaon TemMnepaTypbl HapyXHOro Bosayxa t, ;B rpade 4 NpocTaBnsAoT pacyeTHyto TemnepaTypy &,
COOTBETCTBYIOLLYIO TeMMepaTypHOMY rpadpuky nogayu Tenna. Ha ocHoBaHWK aTol TeMnepaTyphbl U Npegnonarae-
MOro AoMycKaeMoro HanpsikeHUs unv pabodero gasnenns no ypasHerusm (12.3), (12.6) u cpopmynam (12.4),
(12.7) onsa kaxxgow cTpoku TabnuLsl 12.4 paccuMTbIBaOT NpegenbsHYo NPOACIKMTENBHOCTL PaboThbl T;.
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Tabnuuya 124 — Tabnuua pacyeTa NOBPEXJAEMOCTU

CpenHecyTouHas Konuuectso amel B [Jons Bpemenm nHeit K, PacyetHas Temne- MpenenbHan NpoaoXu-
Temneparypa Bo3fgyxa rony K, ¢ Temneparypoii t. , a; paTtypa B ceTn TENbHOCTL PaboThl Npu
o, 1 H, T o
£,»°C £,°C Temnepartype f, T, 4
1 2 3 4 5
b1 K a, ty T
b2 Kz a b )
by ket Kt Ay b Tht
bk Ky ay & Tk
— Kyt A fiert Thet

B Tabnunue ncnonb3oBaHbl criegytoLime yCroBHble 0603Ha4YeHUs:

t., 1 — cpedHecyToYHas NIeTHSA TemnepaTtypa Hapy)XHOro Bo3ayxa, npesbiatollas 8 °C,

K; — Kornv4ecTBO CyTOK C TemMnepartypoii t, 4, npeseilatollei 8 °C;

ty k— MUHUMASTbHAA 3VUMHAS cpedHeCcyToUHasi TeMnepaTtypa HapyXXHoro Bo3ayxa;

t, — paboyasi TemnepaTypa HeoTannmeaemoro nepvoaa (06sMHo npuHUMatoT 20 °C);

t,— MakcumanbHo gonyctumas pabouyas TemnepaTypa B TeHEHUe BCero oTonuTenbHoro nepnoaa (kak
npasuno, t, <95 °C);

ty — paboyas TemnepaTypa, bnuxaiilas no BeNUYMHE K MakcmarnbHO AONMYCTUMOW f_4 < fy (06bMHO
MeHbLUe TeMmnepaTypsl f Ha 1—2 °C);

g — KpaTKOBpEMEHHO AelcTBYIoWan (aBapuitHas) TemnepaTypa fy. 1 > Iy, NpUHUMaemas, Kak npasuno,
100 °C;

T;— npefensHas NpoAoHKUTENBHOCTL paboThl Tpy6onposoaa npu Temnepartype f;, 4, onpegensemMas no
dopmynam (12.3) n (12.6);

a; — nonsl BpemeHu aHel K; ¢ Temnepatypoii t, ;.

Ki
& =% - (12.8)

S K

j=1

Mepsyto rpady Tabnuubl 12.3 3amnonHsOT B NOCEA0BaTENBHOCTY YObIBAHUA TeMMepaTyp Hapy>KHOro Bo3ay-
Xa oT MakcumasbHoW NCcoBo A0 MUHUMATBHOW MUHYCOBOW (Hanpumep, ot +8 °C ao —24 °C)

o>t o b > b ke

12.2.7 MNpw onpegeneHunn cpoka cry6bi ¢ ucnons3oBaHneM ypasHeHui (12.3), (12.6) aonyckaemMoe Hanpsi-
XeHve [o] unu gaeneHve [P] BBogaT B pacyeT cornacHo dopmynam (12.4), (12.7) ¢ koadpcunumeHTamun 3anaca
MPOYHOCTH, 3HAYEHMNS KOTOPbIX MPUHUMAIOT:

-n= 1,25 gnsa pacyeTHoii TemnepaTypbl ;<20 °C;

-n=1,5 Ans akcnnyaTauWoHHON Temnepatyphl §;, npesbiwaroLein 20 °C, 3a UCKoYeHneM Cry4aes, oroso-
peHHbIX B 12.2.8.

12.2.8 Ecnv HecyLuyto cnocobHOCTL OLeHMBAIOT NpY NepeMeHHOR pacueTHOW TemnepaTtype C UCNoSfb30Ba-
HYEM TeMnepaTypHO UCTOPUN, TO

- n= 1,3 4ns MakcMmanbsHOW pac4yeTHOW TemnepaTypbl f =,

-n=1,0 ana aBapuitHO (KpaTKOBpEeMEHHO AeWCTBYIOLLE) TeMnepaTtypbl § =t , 4.

12.2.9 MoBpexaaeMocTb, XapakTepuaytoLLas HakonneHHyto aedopmaLyio NoN3y4ecTy 3a roaoBon nepuog
BpemeHu paboTel Tpybonposoaa:

M=X%(i=1,2, ., k+1). (12.9)
12.2.10 MakcvmanbHoe AonycTumoe Bpemsi akcniyaTaumm (Cpok cnyx6bl) B rogax paccuuTbIBaoT no dop-
Myne

[v] = 365 24 (12.10)
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12.2.11 Ecnu pacyeTHbli CPOK CNYXObl OTIMYaeTCs OT 3a4aHHOro, B pacyeT no ypaBHeHusm (12.3), (12.6)
BBOJAT APYroe 3HavyeHne Jonyckaemoro HanpshXeHnsa uim fasneHns u MeTofoM MnocsefoBaTesibHbIX Npuoanxe-
HWIA BbIYMCAAIOT 3HAYEHUS O UM P ANS 3aaHHOro cpoka Ccnyx6bl. lNpy ncnonb3oBaHuM ypaBHeHus (12.3)
nepexog, oT HaNpPsXXeHNs 0 K40oNyCckaeMoMy AaB/IeHUI0 OCYLLeCTBAAIT no hopmynam (12.4), (12.5).

12.2.12 /cnonb3ysi 3M0XEHHBIN NPUHLMN pacyeTa, MOXHO NPOBOAMTL NPOBEPKY Pab0oTOCNOCOBHOCTY BbI6-
paHHOro TpybonpoBoda B 3ajaHHbIX YC/MOBMAX 3KChayatauum uam BblbupaTb napameTpsl Tpy6onposoaa Ans
TpebyeMbIX YCMOBWIA 3KCnyaTauuy, B TOM YMcie npu Heo6xoaMMOCT U NpU MepeMeHHOM AAaB/EeHUU 3KCNy-
aTaumu.

12.2.13 MpuMepbl OLEHKM HECYLLEe CNOCOBHOCTM TPYOGONPOBOLOB NPV NEPEMEHHOM TEMMNEPATYPHOM PEXN-
Me npuBeAeHbl B npunoxexHun I

12.3 KomneHcaunsa TemnepaTtypHbIX paclUMpeHunii, Harpy3ky Ha HemoABWXXHbIe OMopbl U rny6uHa
3a/10keHNs Npu 6eckaHanbHOW Npoknagake

12.3.1 TennonpoBoAb! U3 TMOKNX NONMMEPHBIX TPYO 06bIYHO YKNaAbIBAKOT «3Meiikoli». I3MeHeHne nx gnu-
Hbl B pe3y/ibTaTe Harpesa He NMPUBOAMUT K ONacHbIM NaacTuyecknum gedopmanmam. NMo3aToMy oLeHKa NPOYHOCTH
npy KOMMNeHcaLun TemnepaTypHbIX pacluvpeHunii A Takux TENI0NpPoBOAOB He TpebyeTcs.

12.3.2 OceByto Harpysky, nepefaBaeMylo Ha HENOABWKHbIE KPENIEHNS, ONPeaensatoT no opmyne

Np={\-2v)p—--+a(t~tHEF. (12.11)

B 3Ty chopmyny NoAcTaBnsioT:
- KO3(PPULMEHT IMHENHOTO paclnpeHns noamatTuaeHa a = 0,000205 1°C,
- MOAy/lb YNPYyroctn nonnatnneHa E, npuHnmaemblii B cCOOTBETCTBMM C Tabnuueli 12.5,
- nJowanb nonepeyvyHoro ceveHusa Tpybonposoga F - jt(Da- s) s, Mm2,
- k0athhmymeHT MyaccoHa nonuatuneHa v = 0,4.

Tab6bnunya 12.5— 3HadeHns Mogynsa ynpyroctu

PacuetHaa Temneparypa, t (°C) Moayrnb yrmpyrocm E, Ma
<20 900
80 350
> 95 200

NMpumevyaHue — [ NPOMEXYTOUHbIX 3HAUEHWIT t 3HAYeHWe E onpenensioT NMHelHoWM uHTepnonsumei.

12.3.3 Pacueta gonycTnmoi rny6uHbl 3a/10XeHUs 1 oueHka npoyHoctu MNMY-nsonauun [2] npn 6eckaHanb-
HOW MPOKagKe rMbKMX TENION30IMPOBAHHBIX TPY6 C YCTAHOB/IEHHOW HOPMATUBHOM XapaKTepPUCTUKON XECTKOCTM
nornepeyvyHoro cevyeHns Ha usrnb g = 0,015 MlMa He TpebyeTcs.

TexXHNYeCKUMU YCIOBUAMUN Ha rnbKune Tenon3oMpoBaHHble TPyObl NpesyCMOTPEHO UCMbITAHME MX none-
PEeYHOro ceyeHms Ha n3rnb. XapakrepucTnkoin ecTKoCT! ABNSAETCA NHTEHCUBHOCTb paBHOMEPHO-pacnpeseneH-
HOIi Harpy3ku ¢, KOTOpYl0 CNOCOGHO BbiAepxaTb 6e3 NoBpexaeHnit MHOroc10iMHoe KO/bLO WYPKUHON 1 caHTumeTp,
cocTosiee 13 Hecyllei Tpy6bl PEX, cnosa MMY-n3onaumnm n Hapy>HOro Koxyxa 13 nosiMaTuieHa BbiCOKOW NioT-
HOCTW (puCyHOK 12.1).

LI T T I Hapy»Hblli KOXyX
Cnoi My

M N H

PucyHok 12.1 — K onpefeneHuto XecTKocTn
MonepeyYHoro CevyeHnst Ha usrnd
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13 MoBepoO4HbLIN pacyeT Ha NPOYHOCTb TPYGONPOBOAOB U3 MMOBKUX CTamNbHbIX
rodypvpoBaHHbIX TPYy6

13.1 OCHOBHbIe NONOoXeHuUA

13.1.1 B TennoBbIX ceTsX ncnonbayoTcs rbkue crasnbHble Tpyobl, MMetoLme dopmy rocdpuposaHHon 060-
NoYKU — cUbdoHa. Ternnonpoeoabl U3 Takux Tpy6 yknaaelBaloTCa «3MENKoi», BOCTIPUITUE TeMnepaTypHbIX pac-
LUMPEHWIA B HAX OCYLLIECTBMSIETCSA 3a CHET PACTSHKEHUA — oxxaTus rocdpos. MosToMy cneumnanbHelX paciHeToB Ha
KoMneHcaLyto TemnepaTypHbIX pacluMpeHWi Ans Takux TennonpoBoaoB He TpebyeTcs.

13.1.2 PacyeT Ha NpoYHOCTL MBKMX cTanbHbIX TPY6 € pacyeTHbIM pasMaxoM YCITOBHO YNPYrMX Hanpske-
HWiA, He NpeBbILLatoLLel YABOEHHYIO BENWUUMHY Npeaerna TekydecTu 46, AonyckaeTcsl NPOM3BOAUTL COracHo
HacTosileMy cTaHaapTy. B npoTuBHoM crnyyae onpeaeneHne HanpsbkeHHo-AedOPMUPOBAHHOIO COCTOSHUA
AOMKHO BbIMNOMHATLCSA YACTIEHHBIMU METOAAMU € YHETOM reoMeTpUIEeCcKor U hnanieckon HeIMHENHOCTU.

13.1.3 Mpumep pacyeTa cornacHo TpeboBaHUAM HACTOALLEro CTaHAapTa NpUBeAeH B NpurioxeHuu B npu-
MEHUTeNLHO K Tennonposoay 13 Tpyb Tvna «Kacadneke».

13.2 Kputepuun npoyHoctun

13.2.1 Kputepuu ctaTudeckoin NpoYHOCTY OT 4aBfeHus U TeMnepaTypHOro pacluMpeHns

c,<[o]
Ozp+O0zp < [o] ) (13.1)
Ozp +0 zpp T0 7t +6 4y <15[0]
rae - cpeaHee OKpYXXHOe HanpshkeHWe OT BHYTPEHHEro AaBneHus
o - p-(D+H) . 13.2
o = (s—o)(n-2+4HIq)’ (13.2)
- oceBoe MeMBpaHHoe Hanpsi)keHWe OT BHYTPEHHEro AaBneHus
_ _PH .
Oy = 2(s-c)’ (13.3)
- 0CeBoe HanpshkeHne nsrnba ot BHyTPEHHero AasneHms
2
pH Cp
Oabp =7, .3 .
zbp 2(S—C)2 (13 4)
- oceBoe MeMBpaHHoe HanpsbkeHre oT AedbopMalnn pacTKeHUS-CXXaTUs cUIbdoHa
_ EA [ 8
O = 2o 5] (13.5)
- 0ceBoe N3rMbHoe HamnpsbkeHwe oT aedopMaLm PacTSKeHUSA-CXaTUSA CUMNbdOoHA
G _ 5ESAt
2bt _3H20d ) (13.6)
rae
A;— pacyeTHoe oceBoe nepemMeLLeHre ogHoro rogpa, onpeaensiemoe no dopmyne
At =a (T_ TMOHT)-q7 (137)
Cs, Cpu Cy— koadphrLineHTbI, onpeaensiemMsle cornacHo 13.2.3;
§ — HOMWHarbHas TonLWMHa CTeHKY rmbKoro aneMeHTa (nocne popMnpoBaHus), MM;
q — war rodpos (LUMprHa rodpa), Mm;
H— BbIcoTa rogpa, Mm
D,-D
H= "”2 , (13.8)

D, — Hapy>xHbIl AnameTp rnbKoro anemeHTa, MM;
D — BHYTpeHHWIN AnamMeTp rmbKoro snemeHTa, MM.
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PucyHok 13.1 — 3nemeHT rocpupoBaHHON TpyGbl

13.2.2 OLieHKa LMKINMIECKOM NPOUHOCTM OT AeCTBIS 3HAaKoNepPeMeHHbIX HanpskeHWiA, BbIaBaHHbIX kosieba-
HUSIMUW TEMMNepPaTYpPbl U AaBreHns, He TpebyeTcs.

Tabnwuuya 13.1 — Havennsa k03 DULMEHTOB n;

B ny m ny n Ny Ns
0,2 1,006 2,375 -3,977 8,297 -8,394 3,194
0,4 1,007 1,82 -1,818 2,981 —2,43 0,87
0,6 1,003 1,993 -5,055 12,896 14,429 5,897
0,8 1,003 1,338 -1,717 1,908 0,02 -0,55

1 0,997 0,621 -0,907 2,429 —2,901 1,361
1,2 1 0,112 -1,41 3,483 -3,044 1,013
1,4 1 -0,285 -1,309 3,662 -3,467 1,191
1.6 1,001 -0,494 -1,979 4,959 -4,569 1,543

2 1,002 -1,061 -0,715 3,103 -3,016 0,99
2,5 1 -1,31 -0,829 4,116 -4,36 1,555

3 0,999 -1,521 -0,039 2,121 -2,215 0,77
3,5 0,998 -1,896 1,839 -2,047 1,852 -0,664

4 4 -2,007 1,62 -0,538 -0,261 0,249

13.2.3 3HaueHua Cy, C, n Cy paccunTLIBaIOT B 3aBUCUMOCTU OT 6e3pa3mepHbIX NapamMeTpoB rodprpoBaH-

H _q - q 2<B <4, no dopmynam:
HOrO BMleMeHTa y = 7 up 22 JDTTe npno<y<12n02<P copmy

C; = ng +nyy+nyy? +ngy® +ngy° N5y
C, = Mo +myy+myy? +mgy® +myy* mgy® .
4 5
Ca =G0+ +q2v” +q57° +qa¥" 957
3necb
- koadbcpuLMeHTLI N; onpeaensatoT nNo Taénuue 13.1,
- KoachchuumeHTb m;: Npu y< 0,3 onpegensior no Taénuue 13.2, anpuy> 0,3 no Tabnuue 13.3,

- KoabuLmeHTsl g; onNpeaensoT No Tabnuue 13.4.
AN NpomexyTouHbIX 3HaueHW B koatduumeHTs onpeaenatoT IMHENHON UHTEpRonALnen.
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Tab6nuua 13.2 — 3HaveHns koadduumnentoB m; npu y< 0,3

B My my my ms my msg
0,2 1,001 —-0,448 -1,244 1,932 -0,398 -0,291
0,4 0,999 -0,735 0,106 -0,585 1,787 -1,022
0,6 0,961 -1,146 3,023 -7,488 8,824 -3,634
0,8 0,955 -2,708 7,279 14,212 —104,242 133,333

1 0,95 -2,524 10,402 -93,848 423,636 -613,333
1,2 0,95 -2,296 1,63 16,03 -113,939 240
1,4 0,95 2,477 7,823 —49,394 141,212 -106,667
1,6 0,95 -2,027 -5,264 48,303 -139,394 160

2 0,95 -2,073 -3,622 29,136 —49,394 13,333
2,5 0,95 -2,073 -3,622 29,136 —49,394 13,333

3 0,95 -2,073 -3,622 29,136 —49,394 13,333
3,5 0,95 -2,073 -3,622 29,136 —49,394 13,333

4 0,95 -2,073 -3,622 29,136 —49,394 13,333

Tab6nwuuya 13.3 — 3HaveHus koadpdrumeHToB m; npm v > 0,3

B my my my my my mg
0,2 1,001 -0,448 —1,244 1,932 -0,398 -0,291
0,4 0,999 -0,735 0,106 -0,585 1,787 -1,022
0,6 0,961 -1,146 3,023 —-7,488 8,824 -3,634
0,8 0,622 2,685 -9,347 18,447 -15,991 5,119

1 0,201 2,317 -5,956 7,594 —4,945 1,299
1,2 0,598 -0,99 3,741 -6,453 5,107 -1,527
1,4 0,473 -0,029 -0,015 -0,03 0,016 0,016
1,6 0,477 -0,146 -0,018 0,037 0,097 -0,067

2 0,935 -3,613 9,459 -13,228 9,355 -2,613
2,5 1,575 -8,646 24,368 -35,239 25,313 -7,157

3 1,464 -7,098 17,875 -23,778 15,953 —4,245
3,5 1,495 -6,904 16,024 -19,6 12,069 -2,944

4 2,037 -11,037 28,276 -37,655 25,213 -6,716
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B ) 9 9 9 A s
0,2 1 1,151 1,685 4,414 4,564 -1,645
0,4 0,999 1,31 0,909 -2,407 2,273 -0,706
0,6 1,003 2,189 -3,192 5,928 -5,576 2,07
0,8 1,005 1,263 5,184 -13,929 13,828 -4,83

1 1,001 0,953 3,924 -8,773 10,444 —4,749
1,2 1,002 0,602 2,1 -3,625 5,166 -2,312
1,4 0,998 0,309 1,135 -1,04 1,296 -0,087
1,6 0,999 0,122 0,351 -0,178 0,942 -0,115

2 1 -0,133 -0,46 1,596 -1,521 0,877
2,5 1 -0,323 -1,118 3,73 -4,453 2,055

3 1 -0,545 -0,42 1,457 -1,561 0,71
3,5 1 -0,704 -0,179 0,946 -1,038 0,474

4 1,001 -0,955 0,577 -0,462 0,181 0,08
13.3 Harpy3ku Ha HenoABUXHbie onopbl
13.3.1 Harpysaky Ha HenoaswxHyto onopy onpeaenstoT no coopmMyne

N, =I1D—g(Da+D)2+AtCA H, (13.10)

rae C, — oceBas XecTkocTb ogHoro rocdpa H/mm.
13.3.2 OceByto xecTkocTb C, NMPUHUMaIOT NO AaHHLIM 3aBOAA-U3roToBUTENs. [na Bcex paamepos Tpy6,
uarotoeneHHsIx no TY 3A0 «3asoa AH[, MasTtpy6nnact» [17], cneayeT npuHumats C, = 1,5-10% Himm.
B cnyvae ecnn oceBas XecTKoCTb rocbpupoBaHHoi TpyGbl HEM3BECTHA, JOMYCTUMO onpeaensiT ee no dop-

myne

7D, E
Cr

C?» =

5]

(13.11)
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MpunoxeHune A
(pekomeHayemoe)

YyeT NoBbIWEHHON TIMOGKOCTU OTAENbHLIX 3NIEMEeHTOB

A OTtBOAbLI

Mpy noBepouHbIX pacdeTax TPyGONpoOBOAHLIX CUCTEM Ha MNPOYHOCTH PEKOMEHAYETCA YYMUTbIBaTb MOBbIWEH-
HYl0 MMBKOCTb (MOHMXEHHas XeCTKOCTb) OTBOAOB B pesynbTaTte oBanu3aummn ux ceveHunin npy narnbe (acpdekt Kapmana).

A.1.1 KoathuumeHT rubkoctu K, THyTOrO, KPYTON3OrHYTOrO, LWTAMIMOCBAPHOTO UMK CEKTOPHOMO OTBOAA C YMCIOM
KOCbIX CTbIKOB Gonblue ogHoro (n > 1), coeguHEHHOro ¢ MPsIMbIMK TpybamMKn Ha KoHUax, 3aBUCUT OT Ge3pasmMepHoro
napameTtpa A (cm. 8.8.1):

Mpu A < 2,2 Ko3hDULMEHT MTMEKOCTH BLIMUCSIOT MO hOpMyre

K 165

P E T
Ay1H15 0 122 (A1)

rae K, — koadppuumeHT rubkocTn oTBoAa 6e3 ydeTa YCrioBMI 3aKPENieHnsa Ha KOHLax;
{ — k03(DULMEHT, yUNTEIBAIOWMIA XKECTKOCTE NPSIMBIX TPYD HA KOHLAX O0TBOAA;
1 — napameTp, yUnTbIBaIOLWWIA BNUSIHWE BHYTPEHHErO AaBNeHus]

2
PR
®q = 3,64 m (A2)
Mpu A > 2,2 koacbprumneHT rmbkocTn Kp =1,0.
Bennuuny £ onpeaensioT:
-npu A>1,65¢=1,0;
-npu A < 1,65
1 A 15 .05 A >
C=1+W1,5 165 TV TV (1-1@) : (A3)

e y = 9,/ 2R/(D-5s),

0 — UeHTpanbHbIN yron oTBoaa (pag),
R — papuyc otBOAA, MM.
A.1.2 1N KpyTOU3OrHYTBIX W LUTAMIMOCBAPHbIX OTBOAOB C OAHUM unu AsyMs dnaHuamm koadbduuneHt mékocTn
onpegensloT no dopmyrne

165
K, = Ao Q. (A4)

KoathduumeHnt Q npuHumaroT:
- NS 0TBOAOB, CThIKyeMbIX C Tpy6amu ¢ 0AHOTO KOHLA Ha chnaHue 1 ¢ APYroro KoHua Ha ceapke, Q = A6,
- NS OTBOAOB, CTbIKyeMbIX C Tpy6amu Ha dhnaHuax ¢ o6enx cTopoH, Q = A1/3

p D.—s 7/3 oR 1/3
— ~ a
o-teo[2 (2 ()] a9

A.1.3 Koadpdmument rubkoctm K, Ans CEKTOPHOrO OTBOAA C OAHWUM UNN ABYMS dnaHuamm (pucyHok 7.1) npu
ycnoeum 6 <22 50
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1,52
Kn= '

= 0, (A.6)
n5/6 oo

roe X onpegensoT no dopmyne (8.27), w2 onpegenstoT no oopmyne (A.5). MNpn aTom BMecTo paguyca oTsoga R cnegyet
noAcTaBNsATbL 3HaYeHne R3, KOTOpoe BbIYUCAAT No hopmynam:

-npu gavHe L <\ 1 0+tgd)

s L-ct
- ng (A7)
- npu gnunHe /-> A S(1+fg0)
R3=°Vv (@+cdo). (A.8)
A.1.4 KoadhpunumeHT rmbkocTn Kp 4Nnst KOCbIX CTbIKOB (PUCYHOK 8.4)
1,52
JP'® 02 (A.9)

npu aTom R3 paccumntbiBatoT no gopmyne (A.8).

A.1.5 Mpu 3HavyeHmn KoadhduymeHta Kp MeHblUEe efgnHULbI NPUHMMAKT KoadhduumeHT Kp = 1.

A.1.6 JonyckaeTca Ucnonb3oBaHue Apyrux, 60see TOUYHbIX METOAMK BblHMCAEHMA KO3 ULMEHTa rMBKOCTH € yue-
TOM [aBNeHus 1 YyCNoBWiA 3aKpenseHns no KoHuam oTBoAa.

A.2 TPOWMHUKN 1 BPE3KUN

Mpy noBepouYHbIX pacyeTax TPyOONPOBOAHbLIX CUCTEM PEKOMEHAYETCA YUUTbiBaTb MOHWXEHHYK XXECTKOCTb
T-06pasHbiX COeMHEHN B MecTax NPUMbIKAHUSA OTBETBNEHWUIA K Maructpanu.

a — obwwuii Bug, 6 — n3rm6 B naockocTn (BOKpYyr ocn X), e — n3rnb us nnockoctu (BOKpyr ocu Y),
r — Kpy4yeHue (BOKpyr ocu Z)

PucyHok A.1 — PacuyeTHass mogenb TPOWHMKa (Bpe3ku) nog Harpyskow
CO CTOPOHbI OTBETB/IEHNUSA

HuxenpueeaeHHble (OOpPMy/bl CNpaBeaviBbl AN OPTOTOHA/bHLIX TPOMHWKOB W BPE30K C OTHOLIEHWEM
dalDa< 0,8. 4nsi OPTOroOHabHLIX PABHOMPOXOAHLIX WX NMOYTU PABHOMNPOXOAHbLIX TPOMHUKOB U BPE30K C OTHOLIEHWEM
dglDg > 0,8, a Takke A1s TPOMNHUKOB W BPE30K C HAK/IOHHLIM OTBETB/IEHMEM MOHWXKEHHAs XECTKOCTb OTBETB/IEHUs He
yunTbIBaeTCs.
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Yrnoeble NogatNnMBOCTU COEAMHEHUA OTBETBNEHUA C MarMcTpanbio B TOUKe, Ae OCeBasi IMHUS OTBETBITeHNA nepe-
ceKaeTcsl C HapyXHON NOBEPXHOCTBIO MarncTpanu (pucyHok A.1), BbIMUCNAIOT no copmynam:

D, 4
= 0,5 | Ya a
Aip = 02F (S)EID
1/5
hop = 01F05 (DPa| ™ da
o =0, s) EI [ (A.10)
115
— 4 & da
Agp = 0,06 F ( : ) 6l

rae
Iy, 1,;, — MOMEHTbI MHEPLMU CeYEeHUs1 OTBETBMEHUSI NPU U3rMbe 1 KpydeHuu,
F = d-s, /{D-s) — GespaamepHbIii NnapameTp, onpedensiowmil COOTHOWEHUE pa3MepoB OTBETBINEHUSA 1 MarucTpanm,
Sp — HOMMHanbHas TOMNWMWHA CTEHKU OTBETBINEHUS,
Ajp — yrnosasi NogaTNMBOCTb B MIIOCKOCTU TPOWHUKA (Bpe3km),
Aop — YINOBas NOAATNMBOCTL M3 MITOCKOCTU TPOMHMKA (Bpesku),
Az — YITOBas NOAATNIMBOCTb HA KPYyYeHNEe OTBETBMEHUS.
Mpu Hannuun ycunuearowen Haknagku B opmynel (A.10) BMecTo s nNoAcTaBnsioT S + §,, [4e S, — TonwmHa
HaKnagkw.
AnA WraMnoBaHHbIX 1 WTaMNoCBapHbLIX TPOMHWKOB B chopmynax (A.10) BMECTO S, NOACTaBNAIOT S (PUCYHOK 7.3).
Yrbl noeopoTa OTBETBMNEHUA OTHOCUTENbHO MarucTpanu OT MPUMNOXEHHbIX K HeMY M3rmbaloWwmx MOMEHTOB B
MNOCKOCTM TPOlHMKa (Bpe3kn) My, n B nepneHAVKynsapHON el NNockocTh Moy, a Takke OT KPYTALWEro MomeHTa My,
BbIYMCNAIOT MO hopmynam:

Bip = Aip Mjp
eOb = xobMob - (A11)
0, = QLzb Mzb
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MpunoxeHne b
(pekomeHgyemoe)

OnpepeneHne pacCcTOSHUIA MeXAY NPOMeXyTOUYHbIMU ONopamMu

MpeaBapuTenbHylo paccTaHOBKY ONOp pPekoMeHAyeTCA OCYLLECTBNATb B COOTBETCTBUM € AaHHBIM NPUNOXEHNEM.
MpuBeaeHHbIe opMynbl MOTYT BbiTb MCMONB30BaHLI ANA ONPeAerieHnsl pacCToOSHUSA MeEXAy Onopamu Ha NPAMONUHER-
HbIX y4YacTkax TpybonpoBoaa M HeMPUMEHUMbl Ansi PpAacCTaHOBKM OMOp Ha yrnax noeopota, B6nuan M-, -, Z-o6pa3Hbix
KOMMEHCAaTopoB U T. A.

B.1 YcnoBus npoyHocTn Tpy6onpoBoga

PacyeTHan cxema ans onpegeneHusi pacCTosHUI Mexay NPOMEKYTOUHbIMW OonopaMu npeacTaeBnseT cobon MHo-
ronponeTHylo Hepa3spesHylo Ganky, WapHUPHO ONepTyio Ha koHuax {pucyHok b.1).

e q

/.
HHrHHhHHHHHHHHE

PucyHok B.1 — PacyeTHas mogens Ans onpeaeneHnsl pacctosiHuin Mexay onopamm
MakcumaneHoO gonyctumas gnuHa nponeTta u3 ycrioBusl NPOYHOCTY:

12[cq]Wep
I = ‘/ —og (6.1)
g
B aToit hopmyne

W — MOMeHT conpoTuBneHusi cevenuns TpyBul narmby, mm3

W= D3 |:I B (Da—25)4]’ (6.2)

32 D,

[64] — adhhekTnBHOE AOMyCcKaeMOe HanpsbkeHue oT OencTBMA BECOBON Harpy3ku, MMa;
Ppy — KOIDDUUNEHT CHUXKEHWS MPOYHOCTM CBapPHOIO COBAMHEHWS Ha K3rmb,
- Ansi pabo4ero cocTosHuS

[04]=05 Gy ~ 0z + 121[0] - 07502, (B:4)
- NS pexuma ucnbiTaHun
[6,1=050,, —0 +‘/ 2,25[c]*-0,7502,, (6.5)

Oy — KOMNbLEBOE HaMNpsKeHWe OT AABMEHUs, BblYUCIAEMOE Mo topmyne 8.16;
0z, — NMPOAOIIBHOE HaNPsKEHUE OT JABMNEHNs, BbIYMCNSIEMOE MO topmyrne

_ p(Dy-2s)

Ozp = 40,(D,-s)s’

(5.6)

Mo dopmyne (B.1) onpeaensioT f,, Ans 060Mx COCTOAHUA.

B.2 YcnoBusa xecTkocTn (npoBrcaHunn) Tpydoonposoaa

C uenbio HeponyLweHusi o6pa3oBaHns 0OBPaTHOIO YKIOHA, KOTOPbIA MOXET NPUBECTU K CO3AaHUI0 «MELLUKOB» Mpu
OCTbIBaHMKM TPy6OnpoBoJa, pekoMeHAyeTCcsl orpaHnynMTb MakcumarnbHoe npoBucaHue TpyBonpoBoaa Amgy BENMUMHONM
0,02DN, rae DN — ycnoeHbIli guameTp Tpy6onpoeoga, Mm.
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PucyHok B.2 — Cxema fedopMupoBaHHoro Tpy6onposoga
npu HanMuuyu 06PaTHOro YKIoHa

MakcumanbHO gonyctuMas gavHa nponerta, MM, U3 YCNOBUA XKECTKOCTU:

31  12E i

' B.7
P VAY(l-y)(1-2y) ®.7)

3HaueHne y HaxogaT U3 pelleHnst HEeNMHEWHOro ypaBHEeHNs
y(3y-1) 0,020//(1-2y) 3/0¥Y(1-Y)(1-2y) n (5.8)

2 / Y, 12E li
roe
y = x/1np — 6e3pa3MepHblii napameTp,
/Mo — cpefaHnii NponeT HepaspesHoW Gasikv, MM,
/= hllnp— yknoH Tpybonpoeoga.
B.3 PaccTosiHue Mexay onopaMm U aHTUCEeNCMUYEeCKMMU yropamMmuy C y4eTOM CeliCMUYeCcKoro Bo3aencTBus
MakcuManbHO fonycTuMas A/vHa nposieta U3 yc/IoBUSt MPOYHOCTU C YUETOM CENCMUYECcKOro BO3AeNCTBUSA, MM:

/ 12[og]W/chbA
npu \ q +Q.I
MakcumanbHO A0MYyCTMMOE PacCTOsiHNE MeXAy aHTUCeWCMUYEecKMMW GOKOBbIMM YNopamu, NPenAaTCTBYLWUMN
cbpocy TpybonpoBoga c onop

(6.9)

, |12 [0 u]W/dhENe
m~V » (B.10)
rae gn — BepTUKasbHasA celicMnyeckast Harpyska
qB=13Q A T/ KV K} [ (6.11)
gh — BepTUKasbHaa ceiicMuyeckas Harpyska
gB=1,3jArd Kh $makOK KAKy . (6.12)
Ons kaTeropuun celicMOCTOMKOCTU Is:
[Op]=05cki-02Zp+J 2,56 [0]2- 0,7502y. (6.13)
[ns kateropuii celicmoctoikoctn Ms u llis:
[Op]=0,5cku-02zp+J 3,61[0]2- 0,7502. (5.14)
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MpunoxeHne B
(cnpaBovHoe)

Mpumep pacyeTa Ha NPOYHOCTL NMMGKOro cTanbHOro Tpy6onpoeoaa us Tpy6 «Kacadpnekc»

MpounsBecTn oLEHKY CTaTMYECKON U LUMKNNHECKOW NPOYHOCTK, a Takke HarpysKky, nepeaBaemyio Ha HENOABWXHYIO
onopy aAns Tpybonpoeopa n3 mbkux rocdpupoeanHbix Tpy6 Tna «Kacadnekcy.

B.1 UcxoaHble AaHHbIe

HapyxHbin ganametp D, = 143 MM, BHYTpeHHui D = 127 mm, TonwmHa cteHkm s = 0,9 MM, cymmapHas npubaeka K
TornwmHe cTeHku ¢ = 0, war rodpoB q = 16,8 mm, matepuan — cranb X18H10T. Paboune ycnoeus: pacuetHoe aaBneHue
p = 1,6 Mla, TemnepatypHeiii nepenag (t—t,;) = 135 °C. MexaHu4eckue cBoWcTBa MaTepuana npu paboven temneparype:
HOMMHarbHOE Aonyckaemoe Hanpsbkenmne [o] = 151,6 MMa, mogynk ynpyroctu E = 1,99-10% MMa, koapduumMeHT nuHen-
Horo paclumpenus o = 1,69-107°.

HononnutenbHble aaHHble, HeobxoauMblie ANA NPoBeAeHUA pacyerta:

- BbicoTa rodpa, mm, H= (D, - D)/2 = (143 - 127)/2 = 8,

- YONMHEHWe ogHoro rodpa, Mm,

A=a (t-t,)-q=1,69-10"5135-16,8 = 3,83-102,

- 6e3pa3mepHble napameTpbl U ko3hduumMeHTsl cornacHo 13.2.3

y = q _168 _ 105. B= q _ 16,8 —o7.

2H 28 22/(D+H)s 22 (127+8).09
CooTBeTcTBEHHO KO3hPULUMEHTbI Cf, Cp, u Cy paBHbI
Cr=2,24,
C,=0,52,
Cy=2,53.

B.2 BbluncneHune HanpskeHUN
CpeaHee OKpYXXHOe HanpsikeHne oT BHYTpeHHero aaernexnus, MMa (dopmyna 13.2):

16-(12+8)

® = (0,9-0)(314-2+4-8/16,8) _ 80.

9

CpeaHee oceBoe HanpshxkeHue OT BHyTpeHHero aaenexusi, MMa (cdopmyna 13.3):

16-8

% = 2(08-0) "

OceBoe HanpspkeHue u3rmba ot BHyTpeHHero gasnenus, MMa (dbopmyna 13.4):

16-82.053 _

[¢) = =
PP = 5(0,9-0)2

OceBble MemBpaHHbIe HanpspKeHUsa OT AelcTeUA TemnepaTypHoro pacwmpenusi, MMa (dopmyna 13.5):

o _ 199:10°-383107 [09 T _ .
zt = 20922 8| 7

OceBble M3rMBHbLIE HAaMPSHKEHUA OT ASNCTBUA TemnepaTypHoro pacwupenus, MMa (dpopmyna 13.6):

5.199-10°.0,9-3,83-107°

5 =706.
3.82.245

Ozbt =
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MakcumanbHoe aKBMBaNEHTHOe Hanpsikenwe, Mlla,

O =0zt Opppt Oyt O =7,1+33,5+3,0+70,6=114,2.

B.3 OueHka cTaTu4ecKkom NPoOYHOCTU
Mo cdopmynam 13.1 nonyyaem

o, = 80,0 <[c] =151,6,
Ozp + Ozpp = 7,1+ 33,5=40,6 <[c] = 151,86,
Ozt Oppp T O+ Opyy=7,1+33,5+3,0+70,6=114,2<1,5[c] =227 4.
YenoBrst CTaTM4eckom NPOYHOCTU BbIMOMHEHbI.
B.4 Harpy3ka Ha HenoaABMXHYI0 onopy

OceBas xecTkocTb TpyBwl cornacHo 13.3.2 C; = 1,5-10* H/mm. Harpyska Ha HenogswxHyio onopy, H, no
copmyne 13.10

16-3,14
Np = 16

(143 + 127)? + 3,83-10721,5-10% = 22890 + 570 = 23460.
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MpunoxeHne I
(cnpaBoyHoOe)

Mpumepbl pacyeToB HecyLle cnocoBHOCTU TMBKUX TpyGonpoBoAoB U3 clumMToro nonuatuneHa PEX

1 TpybonpoBopa n3 rméknx Tpy6 «Msonpodcnekcy

OnpepennTtb gonyctumoe pabodee OaeneHwe B Tennonposoge w3 Tpy6 «M3sonpodrnekcy ¢ OTHOWEHMEM
SDR = 7,4 npw cpoke cnyx6bl 50 neT u TemnepaTypHOW UCTOPUK, NPeACcTaBNeHHoN B rpadax 1, 2 u 4 HuxenpuBeaeHHOM
Tabnuuel 1. [Jonn BpemeHn a; Ans Kaxaon CTyNeHW TeMnepaTypHOro HarpyxeHus npueeaeHsl B rpadge 3.

Tabnwnuya 1 — PacyeT noBpexgaemocTy

CpenHecyTod- | Konnuectso | flons aneit K;| PacuertHas Hanpsixe- | Kosde. Mpenenshas _a
Has Temnepa- | nueji g rogy | ¢ Temnepa- | TemnepaTtypa Hve [o], aanaca NPOAOIKUTE k- 7
Typa Bosfyxa K; Typoit t, , @ | BCetut, °C Ma n HOCTb paBoThl T, 4
H,
1 2 3 4 5 6 7 8
Gonee 8 158 0,4329 20 1,25 1,7-10*40 2,5-10741
8 10,2 0,0279 42 2,5-10*22 1,110
4 67,2 0,1852 49 1,8-10*19 1,0110720
-2 76,7 0,2102 59 9,8:10*14 2,1-10716
-8 27,8 0,0762 69 9,5-10*10 2410713
12 9 0,0247 75 ' 4,7-10" 5,210
-14 5,2 0,0142 78 3,08 3,6-10%7 3,9-10710
-16 3,8 0,0104 81 2,8-10*6 3,6:107°
-18 2,8 0,0077 84 2,4-10%° 3,2:10°8
-20 1,4 0,0038 87 2,0-10*4 1,9-1077
-22 1,4 0,0038 90 1,8-10*3 2,1-1076
-24 1,0 0,0027 93 1,3 8,3-10*6 3,310710
— 0,08 0,0002 100 1,0 10-10*12 2,2:10-17
— 365 1 — — — — n=2,32-10"°

MopcTaenssa pas3nuyHbie 3Ha4YeHWs JOMYCKAeMOoro HanpsbkeHus [o] m ncnonesysa 3aeucumoctu (12.3), (12.4), no-
nyyaeM 3HaueHWsl NpeaenbHOM NPoAOIMXUTENBEHOCTU PaboThl T; NPY pa3nUuHbIX TemnepaTypax B ceTu (rpada 4). 3atem
nonyyaemM 3Ha4eHus NoBPEXAAEMOCTUN NPV pasNUYHbLIX TeMnepaTypax B ceTu n; B rpacde 8. 3atem BeiuMcnaeM cymmap-
HYI0 MOBPEXAAEMOCTb No hopmyrie (12.9), nonyueHHyo B pesynbrate CyMMUPOBaHUs A4aHHbIX rpadbl 8.

MoactaBnAA pas3nuyHbie 3Ha4YeHWsl [AOMyCKaemoro HanpsikeHwsl, HaxXoAUM MakcuManbHoe 3HadeHue [G], koTo-
pomy GygerT COOTBETCTBOBaTbL CpPOK cnyx6bl 50 net. MakcvmanbHoe Aonyckaemoe HanpshkeHWe NONy4YMIioCh PaBHbIM
[6] = 3,08 MMa, a cymmapHas nospexaaemoct — 1 = 2,32-1075,

Cpok crnybbl Tennonposoga ¢ y4eToM U3MeHeHUsi Temnepatypbl no dopmyne (12.10) coctansaert

ltc] = —23 = 50 ner,
2,32-107°-365-24 ’

YTO COOTBETCTBYET 3aaHHOMY B UCXOAHbLIX AaHHbIX 3HAUYEHWIO.
Jonyckaemoe pabouyee AaBrieHue, COOTBETCTBYIOLLEE MOMYYEHHOMY OOMYyCKaeMOMy HanpsikeHWio no chopmyne
(12.5), MMMa, paeHO

_ 2[6] _2:308 _
(P1=spr=7= 74-1 = 0%
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MpepnonaraloT, 4To AaBneHWe 3a BeCb CPOK cryx6bl TpybonpoBoaa NOCTOSIHHO.

.2 Tpy6onpoBoa n3 rmbkux Tpy6 «Uzonpodnexkc-A»

Onpegenutb gonyctumoe pabouee OaeneHue B Tennonposoge u3 Tpy6 «M3onpodnekc-A» npu cpoke cnyxbbi
50 net n TemnepaTypHoOM UCTOpUM, NpeacTaBneHHon B rpadax 1, 2 n 4 tabnuubl 2.

Tabnwuua 2 — Pacuyer noBpexgaemoctu

Sap:ﬁ:?f:;oq-— Konmuectso | flonsi aneii K; | Pacuetnasn Daenenune | Koadpap. MpegenbHan W= &
Pa- | nueit B rony | ¢ Temnepa- | Temnepatypa [o), sanaca NpoaocNXUTENb- 7
TypatH"j,o%ﬂyxa K; Typoii t, , @, | Bcemt, °C Mrla n HOCTb paBoTsl T;, 4
1 2 3 4 5 6 7 8
>8 158 0,4329 20 1,25 2,57-10*% 1,68-107%
8 10,2 0,0279 42 8,16-10*16 3,42-10°19
4 18,2 0,1852 49 1,55-10+14 1,19-10°1%
-2 22,7 0,2102 59 7,28-10*10 2,89-10712
-8 8,4 0,0762 69 1,14-10*18 6,69-10°10
12 9 0,0247 75 "o 3,75-10" 6,57-10°
—14 5,2 0,0142 78 1,164 7,62-10%5 1,87-10°8
-16 3,8 0,0104 81 1,66-10"5 6,28-10°8
-18 2,8 0,0077 84 3,85-10+4 1,99-10°7
-20 1,4 0,0038 87 9,47-10%3 4,05-1077
-22 1.4 0,0038 90 2,47-10*3 1,55-10°%
-24 1,0 0,0027 93 1,3 3,95-10%° 6,94:10°°
— 0,08 0,0002 100 1,0 1,24-10*° 1,77-10°1
— 365 1 — — — — n=2,25-10"°

3HaveHne MakcumarnbHOro AOMNyckaemoro AasreHus, Nnony4aemMoro MeTodoM nocnegoBaTenbHbIX Npubnke-
HuiA, [p] =1,164 MMNa (rpaca 5).
Cpok cny>k6bl TENNonNpoBoAa ¢ y4eToM U3MeHeHus Temnepatypel no dopmyne (12.10) coctaenset

1
t]= _
] 225.107%.365.24 = 90 1€T,

YTO COOTBETCTBYET 3agaHHOMY B MCXOAHbIX AAaHHbIX 3HA4YEHUIO.
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Mpunoxenne A1
(cnpaBoyHoe)

MporHosupoBaHue HapaboTKu Ha oTKas nocne npoBeAeHUs rMApPoUCNbLITAHUIA

.1 NoctaHoBKa 3aga4n n ncxogHble NPeANOCbLIIKN

Tpybonpoeog Beigepkan ucneitaHnsa paeneHnem. Mmetotca N 3amMepoB TONWMHBI €70 CTEHKM, AOCTATOYHbLIX Anst
BEPOSATHOCTHOM OLEHKWN COCTOAHUA U3Hoca. Tpebyetca onpegenute MUHUMANbHBIA CPOK AanbHEeMWen aKkennyataumm T,
(HapaboTkn Ha OTKa3).

Mpegnonaratot, 4To:

- XapaKTepuCTUKM NPOYHOCTU Marepuana Tpyd u getanen ¢ Te4eHMeM BPeMEHU He U3MEHSIIOTCH;

- YTOHEHWE CTEHOK B pe3ynbrare Koppo3un Unu 3po3un NPOMCXOAUT C MOCTOSIHHOW CKOPOCTLIO;

- MMHUManbHOe NPoGHOe gaBneHue Nnpu MapaBnUYeckMx UCMbITaHWAX coctaenser 1,25P.

0.2 MeTtoauka pacueTta

Mo pesynbTatam 3amepoB ONpeaensior:

- BEMWYNHY OTHOCUTENBHOFO W3HOCA B MECTe KaXgoro 3amepa

B =1- S, @.1)
SK
- cpegHee 3HaJeHWe OTHOCUTENbHOIO U3HOCa AnsA Bcero TpybonposBoga

1 k=N
SRSLE (A.2)

- cpegHekBagpaTtUHHOE OTKNOHEHNE OTHOCUTENbHOro N3HOCa OT CpeaHero 3HaveHus 85

1 2
So = W=7 Z Gc=de) (0.3)
- cpegHekBagpatuv4Hoe OTKINOHEHUEe OTHOCUTENbHOIo U3HOCa Sd

Sy = ‘/ S2-S3. (0.4)
B npuBegeHHbIX chopmynax:

Sy — W3MEepeHHas TONWMHA CTEHKN B MECTE K-TO 3aMepa;

Sy — HOMMHaNbHas TOMNWMHA CTEHKU B TOM Xe MecTe;

N — obwee KONMYECTBO 3aMeEpPOB;

Sy — HavanbHOe TEXHOMNOMMYECKOE OTKITOHEHNE OTHOCUTENBHOMO U3HOCA (OTHOCUTENbLHBIN MUHYCOBOIN JOMYCK) B
pacyeTax TEMMoBbIX CeTEW MOXHO MpuHMMaTh paBHbim 0,05,

Bpems HapaboTku Ha oTka3s onpegensoT no dopmyne

SR [olx
0,25? 20 Td
Op

Tg =

’ (A.5)
8ep +Uy Sy | 14Uy

rae 1y — dakTU4eckmin cpok cnyxbel TPyboNpoBoga K MOMEHTY NPOBEAEHNS TMAPOUCTILITAHWUN;
Uy — G-KBaHTWNb HOPMANbHOMO pacrnpefeneHus BepoaTHOCTH,
U, — Y-KBaHTUMNb HOPMAMbHOIO pacrpefeneHns BepoATHOCTY;
SR — pacueTHas TornwmMHa CTeHkM, onpegensiemasi no dopmyne (7.1) HacToswero craHaapTa.
Ana 1py6onpoBoaoB TENNOBLIX CETEl PEKOMEHAyeMble 3HaqeHmn keaHtunen U, = U, = 1,28, koTopble cootBeT-
CTBYIOT pernameHTupyemon BeposatHocTn ¥ = 90 % v goseputensHon BepoAaTHocTh q = 0,9.
Mpwu cooTBETCTBYIOWEM 060CHOBAHMM AOMYCKAETCH NPUHUMATDL UHbIE 3HAYEHWUSI BEPOATHOCTEN B MHTEpPBaNax 3Ha-

YeHun
90<v<99,0,8<qg<0,99.

B atux cnyuasix 3HaveHus Uy v U, npunnmatot no tabnuue [1.1, B KOTOPOI NpuBeAeHs! 3Ha4eHns kBaHtuns Ug,
COOTBETCTBYIOWME BeposaTHocTH f. Mpu onpeaenennn U, B 3ameHaloT Ha g, a npu onpefenexnmn U, BmecTo B noacTas-
nsot 0,01y.
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Ta6nwuuya .1 — 3HaqeHun qunUY

<09 0,81 0,82 0,83 0,84 0,85 0,86 0,87 0,88 0,89 0,90

Uy 0,88 0,92 0,95 0,99 1,04 1,08 1,13 1,18 1,23 1,28

p>0,9 0,91 0,92 0,93 0,94 0,95 0,96 0,97 0,98 0,99 —

Ug 1,34 1,41 1,48 1,56 1,65 1,75 1,88 2,05 2,33 —

0.3 Mpumep pacyeTa

icxogHble gaHHble

Tennosas cetb 530 X 7 mm. Pabovas Temnepatypa 130 °C, pabouee gasnenune 1,6 MMa. Tpy6bl anekTpocBapHble
n3 ctanu 20. Koadb®dUUMEHT CHUXEHWUSI NPOYHOCTN CTLIKOBbIX CBAPHbIX cOoeauHeHui (NpodonbHbii woe) ¢ = 1. Homu-

HarnbHoe Aonyckaemoe Hanpsketme [6lpg = 147 MMa; npegen npourocTn mpu 20 °C 620 = 420 MMa.

Tpy6onpoBog NPOCMyXun K MOMEHTY NPOBeAeHWs ryapaBnuyeckux ucnoitanmin 18 nert. MNeped npoeeaeHvem
TMOPABNNYECKUX UCTILITAHUIA NPOBEAeHbl 3aMepbl TOMLMHLI CTEHKW, NpUBeAeHHble B Tabnuue [.2. O6wee uncno same-
po N =11.

Tab6nwuuya 1.2 — 3amepbl TONWMWHbI CTEHKN

k 1 2 3 4 5 6 7 8 9 10 "
Se MM 7 7 7 7 7 7 7 7 7 7 7
S,oMM | 5,3 6,3 8,1 5,0 5,8 8,0 5,7 5,5 6,4 5,9 55

PesynbraThl pacyeta
Mo dhopmyne (O.2) onpegensiem

dep = 1i1 (0,24 +0,1+ 0,13+ 0,29 + 0,17 + 0,14 + 0,19 + 0,21 + 0,09 + 0,16 + 0,21) = 0,175.
MopkopeHHoe BhipaxeHue B opmyne ([.3):

k=11

Ka (8¢ — 8cp)? = (0,24 — 0,175)% + (0,1 — 0,175)? + (0,13 — 0,175)? + (0,29 — 0,175)% + (0,17 — 0,175)? +

+(0,14 = 0,175)2 + (0,19 — 0,175)2 + (0,21 — 0,175) + (0,09 — 0,175) + (0,16 — 0,175)2 +
+(0,21-0,175)2 =0,0372.

Benunuuna s;, paccumtaHHas no ston opmyne,

_ , 1 _
S5 = N—1 0,0372 = 0,061.
CpeaHekBagpaTMyHoe OTKNOHEHue
Sy = ,/0,0612 -0,052 = 0,0349.

PacueTtHasa TonwmHa CTeHKW, MM
16(530)

SR = m = 2,87
Bpemsa HapaboTkn Ha OoTka3 cornacHo dopmyne
2,87 147
0 220 '8
Tp = =2,7 ropa.
04175+128-0,0349 | 1+128 128_ b
’ 'y’ 3 22_ 8
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MpunoxeHne E
(pekomeHgyemoe)

OnpepgeneHne pac4eTHOro pecypca aKkcnnyatayuu Tpy6onposoga

1. PacueTHbIN pecypc akcnnyatauum Tpy6onpoeoaa TENNMOBON CeTU ONpeaensitoT Ha OCHOBaHUW 3a4aHHOrOo Yncna
MOIHBIX LMKIOB C Pa3NnyHbIMU U3MEHEHUSIMU TEMMEPATYPbI N PACHETHOW CKOPOCTU HAPYXXHOWM 1 BHYTPEHHEN KOPPO3uK.

2. YkaszaHHasi B MpOeKTax Benu4MHa pacqeTHOro pecypca skcrnyarauum TpyGonpoeoda He AOMKHA NPEeBbIWAaTh
40 ner.

3. PacuetHbiit pecypc [T], N0 LUMKNMYECKOM NPOYHOCTM ONpeaensioT cneaylowmnm o6pasom:

_ NG
T = N, ’ (E.1)
rae N, — pacyeTHOe 4ucno MOSMHBLIX UMKIOB HArpy>XXeHUs 3a OAUH rof HEMpepbIBHOW akcnnyatauwn Tpy6onpoBoaa,

onpegensiemoe no gopmyrne (8.61),
[N,] — ponyctumoe umcno nonHbIX UMKNOB HarpyXXeHWA anemeHTa, onpegensemoe cornacHo 8.12.11.
Mpw [T}, > 40 pacueTHbIii cpok cnyx6bl NPUHUMAIOT paeHbiM 40 rogam.
4 PacueTHbIll pecypc [T]¢ NO KOPPO3MOHHOMY M3HOCY CTEHKW 3fIEMEHTa OnpeaensioT cneaywmm obpasom:

S—C1—SR

Tle=—T7—
¢ v12 +v§ (E-2)

Ae vq — pacyeTHast CKOPOCTb BHYTPEHHEN KOPpOo3umn MM /rof, cornacHo 5.4.8;
Vo — pacyeTHasl CKOPOCTb HapyXHOW Kopposun mm/rog comacHo 5.4.9;
S — HOMMHanbHas TOMLWMHA CTEHKN 3NeMEeHTa;
Sr — pacyeTHasi TONWMHA CTEHKW anemeHTa, onpegensemas no opmynam pasgena 7,
C1 — TexHonoruvdeckas npmbaeka, NpUHUMaemas cornacHo 5.4.3.
5. PacyeTHbIn pecypc akcnnyartauuun [T] onpegensioT cnegyowmm obpasom:

[T]=min ([T],, [Tlc)- (E.3)
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MpunoxeHne XK
(cnpaBo4Hoe)

Mpumepbl onpeaeneHUsa HanpsHKeHUNA
B Tpy6onpoBofax 6eckaHanbHOM NPOKMagKku oT CEACMUYECKUX BO3AEACTBUN

Insa HekoTOpbIX YacTHbIX cnyyaes Hanbonbwre gedopmauun Tpybonpoeoaa onpeaensiioT no creayowmm popmy-
nam:

- AnA y4YacTka GeCKOHeYHO ANWHHON NpsMOW TpyObl, 6€3 HeMOABWXHBIX ONOpP, NMOBOPOTOB U OTBETBIEHUN, Npu
OTCYTCTBUM Mpockarb3biBaHUsA Tpybbl OTHOCUTENBHO OKpY>KaloLLero rpyHTa (pucyHok 2K.1, a):

e _ Vinax. _ Viax. _ Vinax.
max,P = Vo €max,S = s E€max,R = Ve

0K.1)

A’r;%e;x Amax Amax

(1611vp)?’

- gedpopmaumsa yqacTka 6&CKOHEYHO ANMHHONM TPyObl, 6€3 HENOABWXHBLIX OMOpP, NMOBOPOTOR W OTBETBIIEHUI C yye-
TOM MPOCKanb3blBaHWs TPY6Gbl OTHOCUTENBHO OKPYXAIOLWEro rpyHTa (TPeHUsl) NPU NPOXOXAEHWU NPOAONBHON BOJHbI
(pucyHok XK. 1, 6):

Pmax,p = max,S =

TCDa tl‘lp 7\,p .

Emax,P = AEF

0K.2)

- Aethopmaums y4actka 6eckoOHeHHO ANVHHONM NPSIMON TPyObl C OAHON HEMOABUXHOM ONOPON (MNK € OAHUM OTBET-
BMEeHMEM, MOBOPOTOM Tpacchl 6e3 yyeTa nx COBCTBEHHONW MoaaTNMBOCTK) C y4eTOM Mpockanb3biBaHusl Tpybbl OTHOCK-
TENbHO OKPYXaKLWero rpyHTa (TpeHust) Npu NpoxoxaeHun npogoneHon BonHel (pucyHok XK.1, 8, 2, 9):

21D, tn, DR
EF

; (K.3)

Emax,p =

- pedopmaumsa yyactka 6eCKOHeYHO ANMHHON NpAMON TPpyBbl ¢ ABYMSA HEMOABWXHLIMU ONopamu (Unv OTBETBMe-
HUSIMK, MOBOPOTAMM TPACChHI), PACMONOXKEHHBIMU HA PACCTOSHUW NMONOBWUHBI ANWHLI BOMNHLI Ap/2, € YYETOM MPOCKarb3bi-
BaHUs1 TPYObl OTHOCUTENBHO OKPYXKAIOWEro rPpyHTa (TPEHWN) NPU NPOXOXAESHUW NPOAONEHON BOMHbI (pucyHok XK.1, e):

4D Dt Ap
E€max,p = }for + ng,: ’ (K.4)

P

18€ £max, P Emax, S Emax, R — MAKCMManbHbIE OTHOCHTENbHbIE Aechopmaurn TpyGbl NPU NPOXOXKAEHUWM COOTBETCTBEH-
HO P-, S- n R-eonH nog Hanbonee HEBLIFOAHBIM YINOM K ocu Tpybonpoeoga;

Pmax, P» Pmax, S Pmax, R — MaKcumanbHas kpuensHa (u3rbHan gechopmaums) TpyGbl Npu NPOXOXAEHUN COOTBET-
CTBEHHO P-, S- n R-BonH nog Hanbonee HeBbIrOAHBLIM YINOM K Ocu Tpybonpoeoaa.

Pacuyertbl Bcex ocTanbHbIX cxem Tpybonpoeoaa cnegyet nponseoguthb cornacHo 11.6.

Mpw pacuete no copmynam (K.3), (K.4) ana cxem ¢ NOBOPOTOM Tpaccel Unn oTeeTBeHneM (pucyHok XK.1, e, ) He
YUUTBIBAIOTCA AOMOMHUTENBbHBIE HANPSHKEHUS OT U3MMOaloWMX MOMEHTOB, BO3HMKAIOWMX B MECTaX NMOBOPOTa Tpacchl U B
OTBETBIEHUSIX, KOTOPbIE MOTYT CYWECTBEHHO YBENUYUTb 3HaqveHnn HanpspkeHuin. MNoatomy dopmynbl OK.3), (0K.4) npu
NpakTUYEeCKMX pacyeTax AOoMycKaeTcsl UCMONb30BaTh UCKNIOYMTENbHO ANA YY4acTKOB TPyGONpoOBOAOB C HEMOABMKHBLIMM
onopamu.

B kauectBe npumepa paccmoTtpum Tpy6onpoeoq 6e3 musonsauun co cnegyiowmmm napametpamu: D, = 219 mm,

§ =6 MM, f;, = 0,0185 MMMa, Vi, = 480 mm/c, V, = 200000 mm/c, E = 2:10° Mna, D' = 38,2 mm. MakcumanbHble

hor
HanpsbkeHus OyayT paBHbI:
- ANA yyacTka 6eCKOHEeYHO AMNWHHON NpAMON TpyObl 6€3 HENOABMXHBIX ONOP, MOBOPOTOB U OTBETBNEHWUI NpU
OTCYTCTBUM MPOCKarnb3biBaHWsl TPYObl OTHOCUTENBHO OKPYXKAIOWEO FPYHTA NPU NPOXOXAEHUN NPOAOIBHON BONHbI

V,
Omax = E % = 480 Ma; (OK.5)
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- ANs yyactka 6ecKOHeYHO ANVMHHOM Tpy6bl 63 HEMOABUXHbLIX OMOp, NMOBOPOTOB M OTBETB/IEHWIA C yyeToM Npo-
CKanb3blBaHUS TPYObl OTHOCUTE/IbHO OKPYXAIOLEro rpyHTa (TPeHus)) Npu MpoXOXAEHUWU MPOAOSIbHOW BOJHbI
nDafnp XP
°Tax AF
- ANs ydacTka 6€eCKOHeYHO AIMHHON TPy6bl C OAHO HENOABWXHOIK OMopoli (MM ¢ OAHUM OTBETB/IEHMEM, NOBOPO-

TOM Tpacchl 6e3 yueTta ux cO6CTBEHHOI NOAAT/IMBOCTU) C YUETOM MPOCKa/b3blBAHUS TPYGbl OTHOCUTE/TILHO OKPYXXaloLLero
rpyHTa (TpeHus) Npu NPOXOXAEHUN NPOAO/LHONA BOSHbI

=77 MMa; (K.6)

omax = j 2rrDafnPED " =217 MNa; (K.7)

- ANs yyacTka 6eCKOHEeYHO [A/IMHHOV NpPAMOi Tpy6bl C ABYMS HEMOABWXHbIMU onopamu (UM OTBETBAEHUAMMY,
NoOBOPOTaMMW TPACChl), PACMOMIOKEHHBIMI HA PACCTOSIHAM MOMOBUHBLI A/IMHLI BOMHbI P2, C y4eTOM NpPOCKasib3biBaHWs
TPY6bl OTHOCUTENIbHO OKPYXaIoLLero rpyHTa (TpeHusl) Npu NpPoXoXAeHUW NPOAOSbHOW BOJHbI

<] X *

PucyHok )X.1 — PacueTHble cxeMbl Tpy60npoBoja Ha celicMuyeckue Bo3aeiicTBus
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Pykoeogawmii gOKyMeHT

PAO E3C Poccun

PO 153-34.1-17.465-00
CTpouTtencHble HOPMbl U
npaeuna

CHuM 41-02—2003

Mpaeuna NPOMBbILWNEHHON
6e3onacHocTn

N6 10-573—03

Ceog npasun

CMn 20.13330.2011

Ceoa npasun

Cn 35.13330.2011
Pykosogswmin  gokymeHT [oc-
roptexHagsopa Poccum

PO 10-249—98
Pykosogawum
martepuan
PTM 24.038.12—72

Ceog npasun

Cn 14.13330.2011
PecnybnvkaHckue cTpouTenb-
Hbl€ HOPMbI

PC®CP PCH 66—87
PecnybnvkaHckne cTpouTens-
Hbl€ HOPMbI

PC®CP PCH 60—86
PecnybnukaHckue cTponTenb-
Hble HOPMbI

PC®CP PCH 65—87
CrangapTt opraHmsaumm «Poc-
TexakcnepTuaar
CTO-CA-03.003—2009

TEXHUYECKNI

[13] TexHn4eckue ycnoeusi

[14]

(18]

[16]

(171
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3A0 «3asog AHO Tlastpy6-
nnact»

TY 2248-022-4027029—2004
TexHu4eckve ycrnoeus

3AO0 «3aeog AH[ Maatpy6-
nnact»

TY 2248-021-40270293—2005
TexHu4eckue ycnoBus

3A0 «3aBog AH[O Taatpy6-
nnact»

TY 2248-021-40270293—2005
Crangapt

ISO 15875-2:2003
TexHuueckne ycrnoeus

3A0 «3aBog AH[ Ta3tpy6-
nnacrt»

TY 4937-023-40270293—
2004

Bubnuorpadun

MeToauyeckne ykazaHusi N0 OUEHKE UHTEHCUBHOCTU MPOLECCa BHYTPEHHEN Kop-
pPO3uK B TEMINOBbIX CETAX

TennoBble cetu

MpaBuna ycTpoicTea n 6e3onacHol akcnnyartauum Tpy6onpoBoAoB napa u rops-
yen BoAbl

Harpysku u Bo3pgeicteus. AktyanuanpoBaHHasa pegakunsa CHwull 2.01.07—85*
MocTbl u Tpy6bI. AkTyanuampoBaHHas pegakums CHull 2.05.03—84*

Hopwmebl pacyeTa Ha NPOYHOCTL CTAUMOHAPHBIX KOTMNOB 1 TpybonpoBoaoB napa u
ropsiuen Boabl

Bbi6op ynpymx onop ansi Tpy6onpoBoA0B TEMNMOBbIX U aTOMHbLIX 3IEKTPOCTaHLMIA

CTpouTenbCTBO B CENCMUYECKMX palioHax. AKTyanuaupoBaHHaa pepakuusn
CHwll II-7—81*

MHxeHepHble n3bickaHust Arisl CTPOMTENbLCTBA. TexHuyeckue TpeboBaHnA K nNpo-
n3BoACTBY reocdusnyecknx pabot. CeilicMopa3Benka

MHxeHepHble u3bickaHWus Anst CTpouTenbCTBa. CencmMmnyeckoe MMKpopanoHu-
poBaHue. Hopmbl nponssoactea pabot

MHxeHepHble usbickaHua ans ctpouTtensctea. CelcMnmyeckoe MMKPOPanoHm-
poBaHune. TexHuueckue TpeboBaHUsi K Npon3BoacTBy pabort

Cocyapl 1 annapatel. HopMbl 1 MeTogbl pacyeTa Ha NpoYHOCTb. Pacyer Ha cei-
CMUYECKNe BO3QENCTBUA

Tpy6bl HanopHble n3 cwmToro nonuatunena «IPKNU — MEKC»,

Tpy6Gbl HANOPHbIE U3 CLUMTOIO MOMUATUNEHA, aPMUPOBAHHbLIE CUHTETUHECKUMU
Hutamn «AXXKU—MEKC-A» n « DKU—TIEKC-AMT»

Tpy6bl N3onpodnekc n N3onpodnekc-A n3 CLLMTOIO NOnNusTUNeHa ¢ Ternnonso-
nsaunen u3 neHononuypeTaHa B roppupoBaHHON MonuaTuneHosown obonouyke

Plastics piping systems for hot and cold water installations — Cross linked
polyethylene (PE-X) — part 2, Pipe
Tpy6bl «KACADIIEKC»
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