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NMpeaucnoBue

1 NOOrOTOBNEH Moakomutetom MK 7 « Tpybbl Hape3Hble HehTAHOTrO copTaMmeHTa» TEXHNYECKOro KoMuTe-
Ta no crangapTuaaumn TK 357 «CTanbHble 1 YyryHHble TpyObl 1 6a5iIoHbl» Ha OCHOBE ayTEHTUYHOTO NepeBoaa Ha
PYCCKUI A3bIK YKa3aHHOro B NyHKTe 4 MexayHapoAHoro ctaHgapTa, kotopbli BelnonHeH OO0 «Cneunanuavpo-
BaHHas nepesoayeckas pmpma « MHTepcepBuc

2 BHECEH TexHW4YeckuM KoMUTETOM Mo cTaHaapTuaaummn TK 357 «CTanbHble U YyryHHble TpyGbl 1 6arnoHbI»

3 YTBEP>XAEH M BBEJEH B AEWCTBVIE Mpukasom deaeparnbHOro areHTcTsa Mo TEXHUHECKOMY peryriv-
poBaHWio U MeTponorim ot 27 uioHsa 2012 . Ne 123-c1

4 Hacrosilwmin ctaHaapT ABnsieTcs MoanLMpoBaHHBIM MO OTHOLLEHWIO K MeXQyHapoAHOMY cTaHaapTy
MCO/TO 10400:2007 «MpombILneHHOCT HedbTaHast U razosas. opmMynbl M pacHeTbl Mo onNpeaeneHunto xapakre-
pucTUK obcagHbIX, HACOCHO-KOMMPECCOPHbIX, OYpWIIbHBIX TPY6 1 TPyBONPOBOAOB, UCMOMNb3YEMbIX B KAYeCcTBE
obcagHbIX UM HacocHo-KkoMnpeccopHbIX TPYE» (ISO/TR 10400:2007 «Petroleum and natural gas industries —
Equation and calculation for the properties of casing, tubing, drill pipe and line pipe used as casing or tubing»)
nyTem:

- U3MEeHeHWs oTAerbHbIX CNOB (pas, 3Ha4eHW nokasaTenei, cebinok), BolAenNeHHbIX B TEKCTE HACTosILLero
CTaHaapTa KypcuBOM;

- U3MEHEHNS 0TAeNbHbIX CTPYKTYPHBIX 31eMeHTOB (NYyHKTOB, MOANYHKTOB, ab3aues, TEPMUHONMOTMYECKUX
crateit, Tabnuu, U pUCYHKOB), BblAENEHHbIX B TEKCTE HACTOSALLEro CTaHAapTa KYPCUBOM U NOAY>KUPHOIN BepTUKaSTb-
HOW NMHWER, pacnoNOXKeHHOM Ha NOMAX 3TOro TEKCTa,

- BHECEHWS AOMONHUTENbHbIX CroB ((hpas, 3Ha4ueHWUI NokasaTenemn, CCebISIoK), BblAeNeHHbIX B TEKCTE HACTOs-
Lero ctaHaapTa NoayXMpHbLIM KYPCUBOM;

- BHECEHWS AOMONHUTESbHbIX CTPYKTYPHbBIX 3r1ieMeHTOB (Nogpa3aenos, NyHKTOB, NoANyHKTOB, ab3ales, Tep-
MWHOIOrMYecKkyX cTaTeld, TabniL, U PUCYHKOB), BblAENEHHbIX B TEKCTE HACTOALLEro cTaHgapTa nosyXMpHOA BepTU-
KanbHOM NUHNEN, pacronoXEeHHOR Ha NOMSX 3TOro TEKCTa;

- MI3MEHeHUA ero CTPYKTYpbI Ansi NpUBegeHUA B COOTBETCTBUE C Npasunamu, yctaHosreHHbIMn B FTOCT P 1.5
(Noapasgensi 4.2 1 4.3). CpaBHeHWe CTPYKTYPbI HACTOSALLEro cTaHAapTa co CTPYKTYPOM YKa3aHHOTo MeXayHapoa-
HOro cTaHdapTa NpUBeAeHo B AOMONHUTENLHOM NpurioxeHun JJA.

HaumeHoBaHWe HacTosiLLero cTaHgapTa UsMeHeHO OTHOCUTENbHO HaMMEHOBaHUS! YKazaHHOTO MeXayHapoa-
Horo cTandapTa Aans npusederus B cootBetcTBue ¢ FOCT P 1.5 (nogpasaen 3.5).

Mpn NpUMeHeHUN HacTosILLEero cTaHAapTa PEKOMEHAYETCsl UCMONb30BaTh BMECTO CCLIMOYHLIX MeXayHa-
POAHbIX CTaHAAPTOB COOTBETCTBYIOWME UM HaLMOHarbHble cTaHAapTbl Poccuiickoi ®egepaumnm u mexrocygap-
CTBEHHble CTaHAapThl, CBEAESHUA O KOTOPLIX NpUBeAEHbI B A0NOMHUTENBHOM NpunoxeHun A6

5 BBEJEH BMNEPBbIE

lNpaeuna npumeHeHUs Hacmosieao cmaHdapma ycmarosneHbi 8 FTOCT P 1.0—2012 (pa3den 8). Urghop-
Mayus 06 UBMEeHeHUsIX K HacmosueMy cmaHoapmy rybriuKyemcsi 8 exe200HOM (110 CocmosiHUIo Ha 1 siHeaps
mekyuwe2o 200a) UHGhopMayUOHHOM yKkasamerne «HauyuoHanbHbie cmaHdapmbi», a oghuyuarsHbil mekem usme-
HEeHUU U ronpasoK — & exeMecsiyHoOM UHGhopMayUOHHOM yKka3zamerie «HayuoHarnbHble cmaHdapmbi». B criydae
riepecMompa (3aMeHsl) Ui OmmeHbl Hacmosiue2o cmaHOapma coomeemcemeytouiee yeedomiieHue bydem oryb-
TuKogaHo 8 briuxxatilieM 8birycKke exemMecsiyH020 UHGhopMayUOHHO20 ykazamens « HayuoHansHsie cmaHdap-
mol». Coomeemcemsyrowjas uHhopMayusi, yeedoMIIeHUE U MEKCMbI PasMeLaromcesi makkxe 8 UHGhopMayUOHHOU
cucmeme obuye2o rosib308aHuss — Ha oghuyuarnbHOM calime ®edepallbHO20 a2eHMemeaa 1o MEXHUYECKOMY pe-
2yrnuposaHuto U Memporioauu 8 cemu YiHmepHem (gost.ru)

© CraHgaptuHdopm, 2014

Hacroswuii ctaHaapT He MOXeT GblTb MOSTHOCTBIO UM YAaCTUYHO BOCTIPOU3BEAEH, TUPaXKMPOBaH 1 pacrpo-
CTpaHeH B kauecTBe oduLmansHoro n3aaHus 6es paspelleHus defeparnsHOro areHTCTBa Mo TEXHUYECKOMY pery-
NMPOBaHWIO U METPOIIOTUU
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BBegeHue

HacToawwuin ctaHgapT pa3paboTaH ¢ Lenbio nepexofa poCCUACKON MPOMBILLIIIEHHOCTU K MUPOBOW NPaKTUKe
pacyeTa xapaKkTepucTuk 06cagHbIX, HACOCHO-KOMMNPECCOPHbIX, BypunbHLIX TPY6 1 Tpyb Ans TpybonpoBoAos, Bbi-
nosnHseMom No mexayHapoaHomy ctaHaapty UCO/TO 10400, ycTpaHeHusi 6bapbepoB B TOProersie, NpUMeHeHu sl
COBMECTUMOM 1 B3aMMO3aMEHAEMOI NPOAYKLIMA, MOBbILLEHWUS CONMOCTaBUMOCTU PE3yrbTaTOB PACHETOB, MOBbILLIE-
HUA YPOBHA NPOEKTUPOBaHWA 1 BblBopa TPy ANs pasnMyHbIX yCII0BUA NPUMEHEHWS.

B NCO/TO 10400 npuseneH pacyeT xapakTepUCcTUK Tpyb Npu AeTEPMUHUCTUHECKOM U BEPOSITHOCTHOM (U
CTaTUCTUYECKOM) NoAXoAaXx, 3aKNoHaOLMXCS B CpaBHEHUN OXMOAeMbIX Harpysok, AeNCTBUI0 KOTOPbIX ByayT
noagepraTbca TPy6bl, U UX OXMAAEMOI CTOMKOCTU K BO3AENCTBUIO TakmMx Harpy3ok. Kak Harpysku, Tak U CTOMKOCTb
Tpy6, No OTAENLHOCTU UM COBMECTHO, MOTYT 6bITb M3MEHEHbI NMPY MOMOLLIY COOTBETCTBYHOLLIMX pacyeTHbIX Koad-
hrumeHToB.

Mpu geTepMUHUCTAHECKOM NoaXoAe ANs pacyeTa eQUHCTBEHHOTO 3HauYeHUs nokasarternein aKkecnyaraumoH-
HbIX CBONCTB KOHCTPYKLIMIN NCMOSNb3YIOT HOMUHANBHBIE FeoMeTpUYeckue napameTpbl U cBoOWACTBa Tpy6. MNpu Bepo-
ATHOCTHOM MOAXOAE Te e NapameTpbl M CBOACTBA UCTIONb3YIOTCA KakK crydaiiHbie BEMUYMHbI, MO KOTOPLIM Nosny-
YatoT cTaTUCTMYECKOE pacrpeaerneHye nokasaTens SKCrulyaraLMoHHbIX CBOWCTB. Takoe pacrnpegeneHve aKkerya-
TaLMOHHbIX CBOWCTB B COMETaHNM C onpedeneHHbIM HUXKHUM NPOLEHTUIEM NO3BONAET NOYyUUTb KOHEYHYHo pac-
yeTHyo hopmyny.

MCO/TO 10400 He paccmaTpuBaeT pacHeTbl CKBXKWH B LieIoM U onpeferneHue oXugaeMblX Harpy3ok, co-
AEPXAT NLLIb pacyeTHble opMyIbl, cryKalume AN onpeaenieHnst CTONKOCTU TPy K 3afjaHHbLIM Harpyakam, Hesa-
BMCMO OT UX NporcxoxaeHns. Takke B HeM npusegeHbl popmynbl npegernbHbIX 3Ha4eHUiA, KoTopble MOTyT GbiTb
MCnonb3oBaHbl 4151 onpeaeneHunsi CTOMKOCTIN KOHKPETHOro 0bpasLia ¢ 3BECTHLIMU reoMEeTPUEA U CBOUCTBaMMU, a
Takke popMyrnbl, UCNOMb3yeMble 151 MPOEKTUPOBaHNSA CKBaXKWMH Ha OCHOBE KOHCEPBaTUBHbIX OLLEHOK reoMeTpu-
YecKMX NapamMeTpoB 1 CBOWCTB Tpyb. BbiGop 3HaueHUin koaddULMEHTOB, UCMOMNb3YeMbIX A pacHeToB, Mo BO3-
MOXHOCTW OCTaeTCs 3a Mofb3oBaTenieM cTaHaapTa.

HacToawwii ctaHaapT moauduumposaH no otHowweHuo k MCO/TO 10400 B cBsian ¢ HEOGXOAUMOCTbIO A0-
MOSTHEHWSI Pa3MepOoB, TUMOB Pe3bOOBLIX COEAMHEHWIA U rPYMMN NPOYHOCTU 06CaaHbIX, HACOCHO-KOMMPECCOPHBIX,
6ypuneHeIX Tpy6 1 Tpy6 Ans Tpy6onpoBOoAOR, LWMPOKO NPUMEHSIEMbIX B POCCUACKON HedTAHOM 1 ra3oBoit Npo-
MBbILLIIEHHOCTN.

Mogundmkauma HacTosiLero cTaHgapTa no oTHoweHuo k UCO/TO 10400 3akntodaeTca B Creaytowem:

- JononHeHbl hopMyIbl U pekoMeHdaunn Ans Tpyo, M3roToBNsAEMbIX Mo cTaH4apTam Ha obcagHble U Hacoc-
Ho-koMnpeccopHble Tpy6bel (FTOCT P 53366), 6ypunbHble Tpybel (TOCT P 54383) u Tpy6bl Ana Tpybonposoaos
(TOCT ISO 3183);

- OOMOSIHEHbI pacyeTbl 41 06cagHblX U HACOCHO-KOMNPECCOpHbIX TPY6 rpynn npovHocTn K72 n Q135,
HapyXHbelMun guametpamn 146,05; 250,83; 323,85 1 425,45 mm, c pesbbosbiMu coeguHerusimu OTTM, OTTT,
HKT, HKTB, HKM;

- NCKItoYeHbl pe3bboBble coeguHeHUs QKCTpUM-NaiH U HTerpan-mKonHT, He MpUMEHSAIeMbIE B POCCUIMCKON
MPOMBILLMEHHOCTH;

- NCKMHOYEHbI 3HaYeHNsA NokasaTerien, BolpaXeHHble B aMepuKkaHCKoW cucteMe eiuHNL, KOTopkle Helleneco-
0bpa3sHO NPUMEHSITb B HaLMOHa IbHON CTaHAapTU3auUmMn, 1 COOTBETCTBYIOLEe NpunoxeHue L;

- ycnoBHble 0603Ha4veHusi pasmepoB Tpy6 Pag 1 u Pag 2 3ameHeHbl COOTBETCTBYHOLUMMA 3HAYEHUAMU Ha-
PY>KHbIX AUaMeTPOB U TOJLLIMH CTEHOK, UCKITIoYeHbI COOTBETCTBYIOLLME TepMUHLI «Pag 1 (label 1)», «Pag 2 (label 2)»;

- CBeaeHUsa o NpeabicTopumn paspaboTkn hopMyn 3aMeHeHbl COOTBETCTBYHOLLMMU CChIKaMU Ha UCTOUHUK
uHopmaumn.

®opmyrnbl U pekoMeHAaLMn HacTOSILLEro cTaHAapTa MOryT 6bITb NPUMEHEHbI Al pacHETOB XapaKTepucTUK
1 CBOMCTB NoAoGHLIX TPY6 (B TOM Yncne ¢ nogobHbIMU pe3b6oBLIMU COEANHEHUAMM), U3FOTOBIISIEMBIX MO TEXHU-
YeCcKUM YCIIOBUAM U KOpriopaTUBHBLIM CTaHAapTaMm.
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HAUWOHANBbHBIA CTAHOAPT POCCUNCKOWMW SOEOLEPAUUM

TPYBbl OBCAHBLIE, HACOCHO-KOMMPECCOPHBbIE,
BYPUNBLHLIE U TPYEbI ANA TPYBEONPOBOOOB
HE®TAHON U rA30BOM NMPOMBILLNEHHOCTU

®dopMyrnbl U pacyeT CBOUCTB

Casing, tubing, drill and line pipes for petroleum and natural gas industries.
Equations and calculation of properties

Hara BBeaeHuss — 2013—10—01

1 O6nactb npuMeHeHnsA

HacToswwnin ctaHgapT pacnpocTpaHsieTcst Ha 06cagHble, HAaCOCHO-KOMNPECCOPHbIe Y BypunbHble TPYBLI ANs
HedTAHOW 1 rasoBol MPOMBILLNEHHOCTH, a Takke Ha Tpybbl Anst TpybonpoBoaoB, NPUMeHsieMble B KavecTse 06-
cafHbIX N HACOCHO-KOMMPECCOPHLIX TPY®6.

Hacroswuin ctaHaapT coaepxut copmMyrbl U pekoMeHaaLmMK, HeobxoanMble ANA pacdeTa pasnuiHbIX CBOWCTB
Tpy6, BKIOYast:

- 3KcnnyaTaLMOHHbIe CBONCTBA (CTOMKOCTb K OCEBbLIM Harpy3kam, BHYTPEHHEMY AaBNEHUI0 U CMATUIO);

- hmanyeckme CBOINCTEA;

- Kpymsuuti MOMeHmM Npuw CBUHYMBAHWM;

- UcnblTatensHoe rMapocTaTnyeckoe AaBneHue;

- KPUTUHECKNE pa3Mepbl N3AENWIA NO KPUTEPUAM PaA3ANYHBIX UCMbITAHWIA;

- KoUTUYECK1E pasmepbl UCTbITaTeNbHOro 06opyaoBaHUs;

- KpUTUYEecKne pasmepbl 06pasLOB ANs UCMbITaHWIA.

Mo cpopmMynam Ans pacyeTa nokasaTenein akcnyaTaunoHHbLIX CBONCTB U3Aenuin npuseaeHa MHopmaLus o
MPUMEHEHWUN aTUX hopmyr.

MpuBeaeHHbIE B HAacTosALLEM cTaHaapTe dopMysibl 1 pekoMeHAauum NpeaHasHadYeHbl AN pacyeTa CBONCTB
TPY6, N3roTOBMEHHbIX B COOTBETCTBUM ¢ TOCT P 53366, TOCT P 54383 u FOCT ISO 3183. ®opMysbl U peKoMeH-
Aaunn MoryT BbITb Takke UCMNONb3oBaHbI 4151 pacyeTa CBOWUCTB TPYD, M3roTOBMEHHBIX NO APYrMM cTaHAapTaMm.
O6nacTb NPUMeHeHUs HACTOSILLEro CTaHAapTa Takke BKIoYaeT TpyGbl, NoABepraBLIMecs B NPoLECcCce N3roToBne-
HWS1 xonoaHoW aedopmaLumn, HanpuMep Xo10aHON poTaLMoHHo# npaske. OBNacTe NPUMEHEHNUA HACTOALLERO
CTaHdapTa He BktovaeT Tpy6bl, nogBeprasLLnecs xonogHol gedopMaLmm Nocne U3roToBneHns, Hanpumep pas-
Aave unm HamoTke B ByXTbl.

MpuBeaeHHbIE B HACTosALLEM cTaHAapTe hopMy bl MPUMEHUMBI 415 pacdeTa 3KCriyaTauuoHHbIX CBOWCTB
Tpy6 no FOCT ISO 3183 TonbKo Npu UCTONE30BaHWUM Taknx Tpy6 B KauecTBe 06cafHbIX 1 HACOCHO-KOMNPECCcop-
HbIX B CKBaXXMHAX UK Npu nabopaTopHbIX UCMLITAHUSX, C yHETOM COOTBETCTBMS NPOLLECCOB TepMoobpaboTku,
npaBKu, NPeaenioB TEKYHECTN N APYTMX MapamMeTpOoB TaknX TPyO aHanorMyHeIM NpoLeccam, XxapakTepucTukam 1
napameTpaM o6cagHbIX ¥ HACOCHO-KOMMNpeccopHbIX Tpy6. C TeMU Xe YCNoBUSIMU HACTOSLLMIA cTaHAAPT MOXeT
6bITb UCMONB30BAH ANs pacyeTa CBOMCTB BypurbHbIX TPYO.

Hacrosuin ctaHgapT v NnpuBeaeHHble B HeM hopMyIbl MO3BOMSAIOT CBA3ATL UCXOAHbIE NapamMeTpbl U3roTOB-
nennsi Tpy6 no FOCT P 53366, FTOCT P 54383 u MOCT ISO 3183 ¢ oxknpgaemMbIM1 nokasaTenisiMu 3KCnyatauoH-
HbIX cBOWCTB. PopMyInbl 4N pacyeTa CBOWCTB He SIBMSOTCA rapaHTuern aTux CBONCTB. U3rotoButento npegoctas-
nsieTca NpaBo U3roTOBNATL TPyObl B COOTBETCTBUM CO CTaHAApTaMu1, yCTaHaBIMBaoLLMMU UX pasmepbl U duandec-
Kne ceoncTea. PopMynbl CryKaT NCXOOHOW TOUKOW ANs NoTpebuTens npu oLeHKe nokasaTenen skenyaTauuoH-
HbIX CBOWCTB TPYO, NPOEKTUPOBAHUN CKBAXUH UMM U3YYEHUN CBOCTB TPYyO.

UzpaHne odmumnanbHoe
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HacTosiuin ctaHaapT He coaepxut oduumanbHele Npasuna npoektuposaHus. OH cogepxuT popmynbl n
npvMepbl pacyeTa CBONCTB Tpyb, NpegHasHaYeHHbIX AN ckBaXKuH. OH He coAepXXuUT ykasaHWs no onpeaeneHuo
Harpysok, AeCTBYIOLLMX Ha Tpy6bl, UnK no HeobxoauMomy 3anacy npoyHocTU. MNoTpebuTens AomkeH camocTos-
TenbHOo onpeAenqTb pacyeTHYIo HarpysKy 1 BbiGpaTh 3anac npoyHocTU, obecneumnsatoLmin 6esonacHocTb U ad-
(heKTUBHOCTL KOHCTPYKLIMK. PacyeTHyto Harpy3ky 1 3anac npo4HOCTU HeobxoanMo onpeaensTb ¢ yHeTOM OnbITa,
oTpacreBbiX paBuUI 1 YCNOBUIA 3KCMNyaTaLWUy KOHKPETHON CKBaKUHBI.

Bce chopmynbl 1 nokasatenu akcnnyaTauMoHHbIX CBOWCTB, NpUBeAeHHbIE B HACTOALLEM CTaHaapTe, npea-
HasHayeHbl 4N 06bI4HbLIX YCIOBUIA KCNNyaTauun U xapakTepucTuk Tpyo, cootBeTcTBytowmx FOCT P 53366,
FOCTP 54383 ul"OCT ISO 3183. PacueThbl, kKoTopble MOryT noTpeboBaTthbest Ans 0cobbIX YCNOBUI aKennyaTaumu,
npueeAeHbl B NpunoxeHum D.

Ob6nacTb NpUMEHEHWs1 HAaCTOALLEro cTaHAapTa He BKNoYaEeT aKCrIyaTaLmMoHHbIe CBONCTBa TPY6 nNpy AvHa-
MUYECKUX HarpyaKax U repMeTUYHOCTb Pe3bBOoBbIX COeANHEHUI TPY6.

B HacTosiLLeM cTaHaapTe NONoXUTENbHLIMU BCEeraa CHATAIOTCA pacTArMBaroLLue HanpskeHWs.

2 HopmaTtuBHbIe CCbINKU*

B HacTosiLLleM cTaHAapTe UCMonNb30BaHbl HOPMAaTUBHbIE CCbIKU Ha criedytolne cTaHaapTbl:

FOCT ISO 3183—2012 Tpy6bl cTanbHble Ans Tpy6onpoBogoB HedTAHOM 1 ra3oBoK NpoMblwieHHocTU. O6-
LLMe TeXHUYECKME YCIIOBUS

FOCT P 51906—2002 CoeanHeHus pe3bboble 06cagHbIX, HACOCHO-KOMIMPEeCcCOopHbIX Tpy6 1 Tpy6onposo-
[00B 1 pe3bboBble kanubpbl Ans Hux. O6Lwme TexHrdeckue TpeGoBaHus

FOCT P 53365—2009 Tpy6bl 06cagHble U HAaCOCHO-KOMNPECCOpHbIE U MydhTbl K HUM. OCHOBHbIE NAapaMeTpbl
W KOHTpOIb pe3b60oBbIX coeaAnHeHuiA. ObLwme TexHu4Yeckue TpebosaHus

MOCT P 53366—2009 (MCO 11960:2004) Tpy6bl CTanbHble, NpUMeHAeMble B KayecTBe 06caaHbIX UK Ha-
COCHO-KOMMPECCOPHbIX TpY6 ANnsi CKBaXUH B HEMTAHON U ra3oBoW NpomblwieHHocTn. ObLume TexHudeckue
ycroBus

FOCT P 54383—2011 (MCO 11961:2008) Tpy6bl cTanbHble 6ypurnbHble gna HehTAHON U ra30BOM NPOMBbILL-
NeHHocTW. TexHU4ecKkue ycnoBust

MpumeyaHune— lpy NONL3OBaHNM HACTOSAWMM CTaHAAPTOM LienecoobpasHo NPOBEPUTH AENCTBUE CCbINOY-
HbIX CTAHAAPTOB B MH(OPMAUNOHHON cucTteme obwero nonb3oBaHUs — Ha oduumansHom cante PegepanbHOro
areHTCTBa Mo TEXHWYECKOMY PErynupoBaHuIioO U METPONomMKU B ceT VHTEPHET UK NO eXerogHoMy UHMOPMaLMOHHOMY
yKasaTenwo «HaLI,VIOHaJ'IbeIe cTaHQapTbIy, KOTOprﬁ OI'IyGJ'IVIKOBaH no cocrtosiHuio Ha 1 AHBapA TeKyuwero roga, v no
BbIMyCKaM eXeMeCs4HOro MHAPOPMaLMOHHOTO ykasaTensa «HaumoHanbHble cTaHdapTbi» 3a Tekywwn roa. Ecnu 3ameHeH
CCbINMOYHbIN cTaHgapT, Ha KOTOprVI AaHa HepaTupoBaHHasi CCbINika, TO peKkoMeHayeTcs1 UCrnonL3oBaTb ,qeﬁcnaylou.l,ylo
BEPCUIO 3TOro ctaHgapTa ¢ y4eToOM BCEeX BHECEHHbIX B AAHHYIO BEPCUIO n3mMeHeHu. Ecnm 3aMeHeH CCbINOYHbIN CTaHaaprT,
Ha KOTOpbIM AaHa aatnpoBaHHas CCblNka, TO peKkoMeHayeTCs UCNOoNnb30BaTb BEPCUIO 3TOro craHaapta C yKas3aHHbIM
Bbllle FOAOM yTBEpPXAeHUs (NMpuHATWA). Ecnv nocne yTBepaeHusi HACTOSLLEro CTaHaapTa B CCbIMOYHBIN CTaHAAPT, Ha
KOTOPbIM AaHa gaTnpoBaHHaA CCbiNKa, BHECEHO U3MEeHEeHue, 3aTparMBarolee nornoXxeHne, Ha KoTopoe aaHa Cecbinka, 1o
3TO MOJIOXXEHME PEKOMEHAYeTCsl NPUMEHATh 6e3 y4eTa A4aHHOro U3MeHeHus1. Ecnu cobinouHbIl CTaHAapT OTMEHeH 6e3
3aMeHbI, TO NONOXeHne, B KOTOPOM JaHa CChbiNka Ha Hero, pekoMeHAyeTCs NPUMEHATb B 4acTu, He 3anarMBa|ou.|.e|7| <1
CChbIIIKY.

3 TepmuHbI U onpeaeneHun

B HacTosiem ctaHgapTe npuMeHeHbl TepMuHbl no FTOCT P 53365, TOCT P 53366, FTOCT P 51906, a Takke
criegytoLie TEpMUHbI C COOTBETCTBYHOLLMMN onpeaeneHUsIMUA:

3.1 BeposAiTHOCTHbIN noaxoa (probabilistic method): Moaxoa, B COOTBETCTBMU € KOTOPLIM ANA pacHeTa
pacnpegeneHusi nokasaTtesei akcnnyaTauuoHHbIX CBOWCTB UCMOMb3YHOT pacnpeaerneHue nokasaTtenen reomeTpu-
YecKknx napameTpoB 1 CBOWCTB MeTanna.

3.2 rmaBHoe HanpsxeHue (principal stress): HanpsbkeHve B rnaBHOM NNOCKOCTM, B KOTOPOW HanpskeHne
cABuUra paBHoO HysH.

MpumeyaHue—py Nobom HaNPSHKEHHOM COCTOSIHUM B 1M060IA TOUKe CyLECTBYIOT TPW B3aUMHO NepneHau-
KyNnsIpHbIE MITOCKOCTYW, B KOTOPbIX HAMPSDKEHUA caBura pasHbl Hynio. CocTaBnsiiowme HOPMaribHbIX HANPSHKEHUNA B 3TUX
MIOCKOCTAX SIBMSIOTCA [MaBHbIMU HanpsbkeHuamu. Hanbonbluee M3 3TMX Tpex HanpsbkeHU HasblBaeTca Hanbonbunm
rMaBHbIM HanpsXeHneM.

* Mcnonb3oBanue O,D,HOBpeMeHHOl\"I CCbINKN Ha ABa CrtaHAapTa O3Ha4aeT, YTO Takue CTaHAapTbl B3anMO3aMeHAe-
Mbl NO CBOUM Tp660BaHVIF|M.

2
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3.3 paBneHue pa3pyLueHus (fracture pressure): BHyTpeHHee AaBneHne, Npy KOTOPOM NMPOVCXOAUT pa3py-
LUeHWe Tpybbl 13-3a pacnpocTpaHeHWst HeCOBEpLUEHCTRA.

3.4 petepmuHucTUdeckun nogxoa (deterministic method): MNoaxoa, npegnonararoLLmMia, YTO BCe nepe-
MeHHbIe, onpeaernsitoLLme nokasaTeny 3KCnnyaTaloHHbIX CBOWCTB, TOYHO N3BECTHBI.

M punmMeyYyaHune — MokaszaTtenu aKcnnyaTaunoHHbIX CBOWCTB pr6 3aBUCAT OT OAQHOINO UNWU HEeCKONMbKUX KOHT-
pOINbHbIX MapamMeTpoB. B copmynax, Mcnonb3yeMblx Npy OeTEPMUHUCTUHECKOM MOOXOAE, UCMOMNb3YIOTCA KOHKPETHbIe
reomeTpunieckme napameTpbl 1 CBOWCTBa MeTanna Aana pacyeta eaAUMHCTBEHHOIO 3HaYeHUsA rnokasaTenew sKcnnyatauun-
OHHbIX CBOWCTB. I'Ile NMPOEKTHbIX pacyeTax 3TO 3Ha4YeHne sABIAETCA OXuaaemMmbim MWHUMYMOM.

3.5 uctuHHaa kpuBaa HanpsikeHue-gedopmaumn (true stress-strain curve): Kpveasi B koopguHartax
WCTUHHOE HanpskeHue (opavHaTa) — norapudmmydeckas gecopmauusi (abeumcea).

3.6 ucTUHHOe HanpsxeHue, HanpsxkeHUe Kowu (true stress, Cauchy stress): HanpsbkeHue, onpegens-
eMoe KaK OTHOLLEHMWE yCUnus, 4eiCTBYHOLLIEro Ha NMOBEPXHOCTL Tena, K KOHEYHOM NoLlaamn 3To NOBEPXHOCTH.

3.7 koadpcpuumeHT Bapuaumu (coefficient of variance): bespasmepHas cnydariHas nepemeHHas, onpeae-
NsieMas Kak OTHOLLEeHWe CTaHAapTHOrO OTKITOHEHUS K cpegHeMy 3HaueHuIo.

3.8 norapucdmuueckan aedpopmauus (logarithmic strain): BenuunHa nuHenHoi aedopmauuu tena Tpyobl
paBHasi HaTypanbHOMY norapudMy OTHOLLEHUS KOHEYHOW ANWHBI Tena TpyObl K ero HavanbHOW AnnHe.

MpumedyaHwne — Jlorapudpmmyeckan gedopmaums Take MoXeT ObiTb paBHOW HaTypanbHOMY norapudgpmy
CYMMbl €4UHULBI U pacdeTHOW aedopmaumm.

3.9 nnactuyeckoe paspyweHue (ductile rupture): PaspylieHune Tena Tpybbl B 06nactu nnactuieckomn
aedopmaunm, BblabiBaeMoe BHYTPEHHUM AaBreHeM U/Unu NPoaosHBIM PACTKEHNEM.

3.10 pacyeTHas gecdbopmauusn (engineering strain): BenninHa nuHeHon aedopmaumy Tena Tpybel, onpe-
AensieMasi Kak OTHOLLEeHWe U3MeHeHNa ANWHbI Tena TpyBbl K ero HavansHoW anuHe.

3.11 pacyeTHoe HanpsikeHUe (engineering stress): HanpsixeHue, onpegensemoe Kak OTHOLIEHUE YCu-
Vs, 4eACTBYIOLLEro Ha MOBEPXHOCTb TeNa K HayanbHoW nioLLaim 3ToN NoBepXHOCTU.

3.12 pykoBopacTBo (template): [okymeHT, cogepkaLumii dopmysbl, METOAbI UCTbITAHUA U U3MEPEHUIA, Npea-
Ha3Ha4YeHHbI AN yCTaHOoBMNEHUS NPOEKTHLIX NokasaTenen aKeryaTalMOoHHbIX CBOICTB.

3.13 cMmelleHUe npeaena TekyvecTu (yield stress bias): BennunHa, onpegensemas kak oTHoweHue ak-
TUYecKoro npegena Teky4ecTy K 3afaHHoMy MUHUMaNbLHOMY rnpeaeny Teky4ecTu.

3.14 ctaTucTuuecknin nogxoa (synthesis method): Moaxoa, B COOTBETCTBUM C KOTOPbLIM HeonpeaeneH-
HOCTb W BEPOSITHbIE 3HAUEHWsI NoKasaTenen skennyaTaunoHHbIX CBOICTB Tpy6 onpeaensioT, UCNonb3ysl pacnpe-
JerneHusi nokasaTener reoMeTpuyeckMx napaMeTpoB 1 CBOICTB MeTanna.

MpwnmedyaHune — [na onpegenenns CTaTUCTUYECKOTO pacnpegeneHnsl nokasarernen SKCnnyaraumoHHbIX
CBOWCTB 3TO pacnpegeneHue paccmaTpuBaloT B coueTaHum ¢ popMynon npeaenbHbiX 3HavyeHuin. Pacnpegenenuwe noka-
3aTenel 3KCMnyaTaunoHHbIX CBOWCTB B COYMETaHUM C HaWAEHHBIM HVXHUM MPOLEHTUNEM ONpPeaensiioT OKOHYaTenbHbIN
BUA pacHeTHou opmynbl.

3.15 TekyuecTb (yield): MocTosHHas Heynpyras aedopmaLys.

3.16 TekyuecTb Tena Tpy6bl (pipe body yield): HanpsikeHHoe cocTosiHue, NPy KOTOPOM Ha4YMHaeTCA Teve-
HWe MeTanna B Noboli Touke Tena Tpyobh.

3.17 ypoBeHb npueMku (inspection threshold): MakcmanbsHeli paamep HecoBepLUEeHCTBa TUMa TPELLUHBI,
OOMNYCTUMBbI yemaHo8TeHHbIMU mpebosaHusIMU.

3.18 chopmMynbl NpeaenbHbIX 3HaYeHUi (limit state equations): @opMynbl, KOTOPbIE NO FrEOMETPUHECKUM
napamMeTpam 1 CBOCTBaM MeTarnna BbIbopky Tpyd Nno3BonsoT onpeaenTb KpUTepuii paspyLueHnst Tpyo.

MpumedaHue— o dopmyne NnpedenbHbIX 3HAYEHUA ONPEAENsitoT C MaKCMMarbHOW TOYHOCTBIO NokKa3aTenu
3KCMNyaTaUMOHHbLIX CBOWNCTB OTAENbHOWM BbIGOpkM Tpyb 6e3 y4eTa npeaenbHbIX OTKIOHEHWIA 3TON BblIGOPKM.

3.19 cbopmynbl NpoeKTHLIX NpeaenbHbIX 3HaYeHUid (design equations): ®PopmMynbl, NO3BoONSAIOWME Ha
OCHoBe TpeboBaHWIA CTaHAapTOB UMW U3MEPEHUIA onpeaennTb NokasaTenn 3KcryaTauMoHHbIX CBOMCTB, UCNOMb-
3yeMble MPU NPOEKTHbLIX pacyeTax.

MpumeyaHwune— PopMyna NPOEKTHLIX NPeAENnbHLIX 3HAYEHUN MOXET ObITb Mony4YeHa nyTeMm noAcTaHoBKW
060CHOBaHHbIX npeaenbHbIX NepeMeHHbIX B cbopmyny npegernbHbIX 3Ha4YeHUN C uenbio onpeaeneHns oxxuaaembix no-
KasaTenew aKkCnnyaTaunoHHbIX CBOWCTB C 3aA4aHHbIM ypoBHeM GesonacHocTn. dopmyna NpoeKkTHbIX NpeaernbHbIX 3Haqe-

HWIA, BbIBEAEHHas CTaTUCTUYECKUM NyTeM, COOTBETCTBYET OMNpeaerneHHOMY HWKHEMY MPOLEHTUIIO KPUBOW pacnpeaene-
HUSI BEPOATHOCTU CTOMKOCTM.

3.20 yncno BuTKOB Ha AalonM (threads per inch): Yucro BUTkoB pesbbbl Ha AnvHe 25,4 mm.

MpumevyaHue—1BuToK Ha awoim paseH 0,0394 BuTka Ha munnumeTp, 1 BUTOK HA MUNNMMETP pasBeH
25,4 BUTKa Ha OonM.
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3.21 adbdbekTuBHOE HanpskeHue (effective stress): HanpsikeHue, yduThiBaloLLlee HanpshkeHWe, BbI3bl-
BaeMoro JaBfieHneM, U oceBoe HarpshkeHne, MUCMonb3yemMoe B HacTosILLEeM cTaHdapTe C Lenblo ynpoLleHus
chopmyr.

MpunmeyaHune— pdekTMBHOE HaNpsHkeHne B TOM BUAE, B KAKOM OHO MCMONb3yeTCsl B HACTOsLLeM CTaHaapTe,
He npepcTaensieT cobol onpeaeneHHylo duanyeckyto BenvumHy. OHo npeacTaensietT co6oli BENUYMHY, 3aBUCALLYIO OT
NPOACHBHOTO HaNPSXKEHWs!, BHYTPEHHErO AABMNEHWUs, HApPY)XHOTO AaBneHust n pasmepoB TpyOGbl, AN MCNONb30OBaHWS B
HekoTopbIX hopmynax. MHorga ero HasbiBaloT PUKTUBHBIM HanpsikeHvem JTlo6uHckoro.

4 O603HavYeHus

B HacTosiLLeM cTaHaapTe NpUMeHeHbI cnegytoLue 0603HaueHns:

A — HaTsr Npy py4yHOM CBUHYMBAHWY;

Ag (Iz) — paccTosiHue oT TopLia MydTbl 40 OCHOBaHWS TPEYronbHOro KreiMa npy py4HOM CBUHUYMBAHWY;

Agit — Nnowagb KpMTMYeckoro nornepeyvHoro cevyeHusi 6onee cnaboro KOMNoHeHTa coeguHeHUsl;

Agp, By, Cgp — pasMepbl npucrocobrieHunst Ans UCTbITaHWs Ha HanpaeneHHbI 3arue;

Agptj — KPUTUYECKNA pasmep NprcrocobneHns Ans ucnblTaH!s Ha HanpasreHHbIRA sarv6;

A, — nrowadb ronepeyHo2o ceyeHusl o eHympeHHeMy duamempy;

A — nroLlaab nonepeqHoro ceveHns MygTsl;

Ajp—nrowaab nonepeHHoro ceveHns TpyGbl B MIOCKOCTM NOCIeaHero BUTKa peabbbl € MomHLIM Npodunem;

A,— nnoujadk nornepeyHo20 CeYEHUs 10 HapyXHoMy duamempy;

Ap— nnoladb nonepeyHoro ceveHns TpyGbl;

A, ave — CPEAHSASA NoLWaab nonepeqHoro ceveHust Tpy6b;

Ag— nnoluagb nonepeyHoro ceveHns obpaslia anst UCnbITaHUs Ha pacTsHKeHue;

a — B dopMyne npegesbHbIX 3HaYeHnH — Hanbonbluasa akTudeckas rnybuHa HecoBepLUEHCTBa TUna
TpeLuHbl; B bopMyre NPoeKTHbIX NpedebHbIX 3HaYeHUn — MakcuMarsbHas rybuHa HecoBepLUEHCTBa Tvna Tpe-
LLMHbI, HEBBISIBIIEHHOrO CUCTEMOW KOHTPOIS;

ay — rny6buHa HecoBepLUEHCTBA, COMOCTaBUMANA C KOHKPETHLIM YPOBHEM NPUEMKN, T. €. HanbonbLuas riy-
61Ha HecoBepLUEHCTBA TWMa TPELLMHbI, KOTOpas MOXeT BbITb NPUHATA CUCTEMOW KOHTPOSIS! KaK JOMYyCTUMOE HeCco-
BEpPLUEHCTBO;

a;p— cpedHee 3HaveHWe oTHoLeHwl /D, ucnonbayemoe npu perpecCMoHHOM aHanuse;

b— napameTp pacnpegeneHus Beibynna;

B — paccmosiHue mexxdy cmeHKaMu Mampuub! UiTu oriopamu rpu UcrbimaHuu Ha HarnpasneHHbil 3a2ub;

€ — 13rub Tpybbl — o6paTHasi BenuunHa paguyca usrnba ocu Tpyobi;

Cir — crydvaiiHasi nepeMeHHas1, XxapaKkTepuaytoLLiasi HeorpefeneHHoCTb Modeny;

d — BHYTPEHHWA AnameTp Tpybbl;

d,, — 8HympeHHul duamemp ebicacku,

dyan) — BHYTPEHHWA AnameTp Tpy6bl, paccHUTaHHbIN ¢ KO3MULIMEHTOM Ky

d{— AvameTp BnaguHbl pe3bbbl MydThl B MIIOCKOCTU TOpLA TPYObI NPpY MEXaHUYeCKOM CBUHYUBAHWN;

d3— BHYTPeHHUI AnameTp pe3bbbl Tpybbl B MIOCKOCTU TopLia My Thl IPU MEXaHUYECKOM CBUHUMBAHUA, MM;

D — HOMUWHanbHbIN HApY>KHbIA AuameTp Tpyobl;

D, — cpeaHuii Hapy>kHbIil AnameTp Tpybbl Mocne Haapeaa;

D, — cpeaHuii Hapy>XHbIN AnameTp Tpybbl;

D,,. — cpefHWIn HapyXHbll anameTp Tpybbl 4o Haapesa;

D¢ — HoMUHaIbHBIl HapyXHbIld Ouamemp crieyuarsHoU Mycgbmsi;

Ds (B;) — HapyXHblii AyameTp TOpLLEBOI MNOCKOCTY 0BbIMHOM My ThI CO crneuunansHomn dackow;

Dy (W) — HOMUHanNbHbIN HapyXHbI AnameTp 0BbIMHOR My Tl

Dppax — MaKcmanbHbI HapyXXHbIi AnaMmeTp Tpy6bl;

D i — MVHUMATbHbIA Hapy>KHbIA AnameTp Tpyobl;

D4 — HapyXHbli gnameTp pe3sbbl Tpy6bl;

E — mogynb KOHra;

E,— cpepHuii gnameTp pe3bbbl nocepeanHe My Tl 019 coedurHeHull BC u OTTM unu eHympeHHul
Auamemp pacmoyku Mygmbi Onsi coeduHeHuli HKM u OTTT;

E..— cpeaHwii anameTp pesbbbl B MNOCKOCTU TopLa MydThl;

E, — cpeaHwit anameTp pe3bbbl B MNOCKOCTU TopLia Tpyobl;

E; — cpeaHunii anameTp pe3bbbl B MIOCKOCTU PYYHOTO CBUHUMBAHNS;
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E; — cpepHuii gnameTp pe3bbbl B OCHOBHOW NMOCKOCTY,;

e — yqucsio 3inepa unu ocHoeaHue HamypalbHoeo flo2apugma, pasHoe 2,718281828;
ec — aKcyeHmpucumem;,

f— cTeneHu ceoboapbl;

f(X) — cyHKUMA NNOTHOCTU CyMMapHOA BEPOATHOCTH NepeMeHHbIX BeKTopa X;

f.,— cpes no BnagnHam npocpuns TpyGonposoaHoi pessbbl;

F, — oceBoe ycunue;

F,x— cocmasrnisirolas achgbekmusHo20 0ce8020 YCUrUsl, He 8bi3eaHHas u3aubom;
Fer — ahekTnBHoe oceBoe ycunue;

Fy arm (Fyap) — OCeBOe ycunuve npu BO3HUKHOBEHUM TekydecTu no dopmyre bBapnoy;
g — AnnHa pe3bbbl ¢ HenoHLIM npodunem;

g(X) — byHKUMSA NpeaenbHbIX 3Ha4YeHWi;

Gy — KoabpuumeHT BAMaHWS ans kpmeoi FAD npeaenbHbIX 3HaYeHUI;

G — koadbpuumeHT BNusiHiA Ans kpusol FAD npeaenbHbIX 3Ha4YEHW;

G, — koadbumLUMeHT BNnSHUA ANS Kpueoi FAD npeaenbHbIX 3Ha4eHWH;

G5 — KoathdrLUMeHT BNusHUSA anst Kpneoi FAD npegenbHbIX 3Ha4YeHWIA;

G, — koadhduLmeHT BnusHUA ans Kpueoi FAD npegenbHbIX 3Ha4eHWIA;

hg — BbIcoTa Npodhuns TpaneuenaaneHoh pessbbl;

h,— koadbdmLUMeHT, ydUThIBaIOLWMIA hOpMY KPMBOI HaNpsikeHne-aedopmams;

hs— BbicoTa npoduns TpeyrosbHol peabbbl;

H — BbIcoTa UcxogHoro npoduns TpeyrosbHo pessobl;

I— MOMEHT HepL MK NonepeYHoro ceueHuns TpyGbl;

I 4, — CPEeaHWIA MOMEHT UHepLK NoNepeYHoro ceveHns Tpyosl;

1, (M) — v3rnbaronit MOMEHT;

1, (Jy) — nonsipHbIii MOMEHT MHEPLMM NonepeyHoro ceveHins Tpy6bl;

J— paccTosiHne oT TopLa Tpy6bl A0 cepeanHbl My Thbl NPU MEXaHNYECKOM CBUHUYMBAHWUK;

J1c — CTONKOCTb MeTanna K paspyLleHuio;

Jimat — CTOVKOCTb MeTanma K paspyLleHuto B onpeaeneHHon cpeae;

Jy, — k03O DPULMEHT NHTEHCUBHOCTY HaNpsPKeHWn Ha ocHoBe J-UHTerpana;

J-UHMeepan — NHTEHCUBHOCTb MNOMS HaNpsbkeHWh U aecopmaunii BGNM3W BEPLUNHBI TPELLUHBI;

k (K) — koathdULIMEHT UHTEHCUBHOCTU HaNpshKEHUI B BEPLLUMHE TPELLWHbI;

ka— NpoMexyTodHas nepeMeHHas B popmyne kputepus Tekydectun cooH Museca no craHgapTy [1]wnm [2];

K, — k03hPULIMEHT MPOYHOCTU NPY pa3pyLLIEHUM, NOSYYEHHBIN Mo peaynbTaTtam UCTIbITaHUi;

kg — NpoMexyTo4Has nepemeHHas B hopmyne kputepust Tekyvecty doH Museca no craHgapty [1]vnm [2];

k¢ — npomexxyTouHas nepemeHHas B hopmMyne kputepusi Tekydectun cpoH Museca no craHgapTy [1]unum [2];

k. — noctosiHHas B hopMyrie AN yNpyroro CMATUS;

kg — nonpaBoyHbIi k0athhULMEHT, yuuTbiBatoLLWin AedopmaLuio Tpybbl U AecbopmMaLMoHHOE YNPOYHEeHUe
MeTanna;

ko — KO3(bDULMEHT CMELLIeHUA ANA YNPYroro CMATUS;

Ke ges — NMOHWXKAIOLLWIA KOS DULNEHT ANA NPOEKTHOO YNpYroro cMsATUS;

ko) — KO3 DULMEHT yANUHEHNS,

Kg u1s — NMONpPaBOYHbIV KoahdUUMEHT ANs NpeaenbHbIX 3HaYeHWI YpYroro CMSATUS;

k; — nonpasoyHeili KoaghghuyueHm dna maccusa daHHbIX 1o mabnuye E.1;

ki — koadpbmumeHT, cnyxaluuin 4nsa onpegeneHna MUHUManbLHOW TOMLWMHBLI CTEHKM TPy6bl, JOCTaTOYHOM
ANs nonyyeHust nonepevHoro obpasua Anst UCNbITaHUA Ha yaapHLIA U3rub;

ki, (n) — koathdUUMEHT ynpoYHEHNUs Anst KPUBOW UCTUHHOTO HanpsbkeHusi-gecdbopmMaLim;

ki1 — K03 umumneHT nepecyeTa ANUHbI;

Kimat (Kimat) — K03 ULMEHT BASKOCTU paspyLueHWs MeTansna B onpeaenieHHol cpeae;

K, — nonpaBo4HbIN ko3 PULIMEHT ANs pacyeTa Macchl;

k,, — koadbuLmMeHT nepecyeTa HanpsXKEeHWNA;

kp (Kp) — COOTHOLWEHWe HarnpsKeHusl, Bbi3biIBA@MOro BHYTPEHHUM AaBIIeHUeM, U Npeaena TeKy4ecTu;

ks — reoMmeTpueckuii koachULIMEHT BEpXHETo kBaapaHTa B hopmyrie KpuTepus TekydecTu choH Museca no
ctaHgapty [1] unu [2];

Ky — reomeTpudeckmii koathpuLIMEHT HIKHero kBaapaHTa B hopmMyrie Kputepus Tekydectn (hoH Museca no
craHgapty [1] unu [2];
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k. (K.) — k0adbpULIMEHT MHTEHCUBHOCTW HANPSHKEHWIA;

Kyp (Z,,) — nonpasoyHbIn ko3 PULMEHT Ha OTKIOHEHWe t/D oT cpeaHero;

K gos (Hlyes) — MOHMKAIOLLMIA KOShpULIMEHT B hopMyne NpoeKTHLIX MpeAenbHbIX 3Ha4YeHNIA;

ki it (HE 1) — NOHmKaoLWmMiA koadpdbuumeHT B chopmyse npeaenbHbIX 3HaYeHW;

Kya1) — KO3MDDULIMEHT, YUUTHIBAIOLLWIA YCTAHOBMNEHHOE NpeaenbHoe OTKIOHEHNUE TOMLWMUHbI CTEHKM TPYObl;

Kype — KOS(phULIMEHT NepecyeTa Macchl Ha eAnHNLY ATNNHbI;

ky (X) — noripasoyHbill KoaghghuliueHm 0118 pacyema cpedHezo duamempa pe3bbbi 8 IocKkocmu mopua
mygpmei;

k, — k03hpMLIMEHT CMELLEeHNA AN MTAaCTUYECKOr0 CMATHS;

Ky des — MOHKAIOLLMIA KOS DULMEHT AN MPOEKTHOTO NIACTUMECKOTO CMATUS;

ky uls — MONPaBOYHBI KO3t DULMEHT AN NpeAesbHbIX 3HaYeHWIA MNacTUYecKoro CMATUS;

k,, (0r) — KoabdULIMEHT YyBCTBUTENBHOCTH;

I, — 0nuHa nepexodHoe20 yyacmxa sHympeHHel 8bicacKu;

L — pnnHa C-o6bpasHoro obpasua;

Lg (L) — paccTosiHue oT Topua Tpybbl 40 Ha4ana NepexoAHOro y4acTka BelCaaku;

L,— MWHWManbHasa AnuHa pesbbbl ¢ BepLUMHaMy NosiHOro Nnpoduna oT Topua Tpyobl;

L — AnvHa Tpy6bl ¢ y4eTOM OTAESKM KOHLIOB;

Lo, — O7IMHa ConpsiXKeHWs NpU MexaHU4eCKOM C8UHYUBAHUU COEOUHEHUS C HOMUHalTbHbIMU 2eoMempuyec-
KUMU riapamempamu;

L, — OnuHa nepexoGHO20 y4yacmka HapyXHou ebicaoKu;

L;,— OnuHa sHympeHHell ebicadku;

L; — anvHa TpyGbil;

L., (N) — AnvHa MydThI;

L om — HOMWHanNbHas AeTePMUHUCTUHECKAS HarpysKa;

L, — koatbpULIMEHT Harpysku;

L,— obLwas AnvHa pe3bbbl TpyObI;

L, — paccTosiHWe oT TopLia Tpy6bl 40 NOCKOCTU PY4HOIO CBUHYNBAHMUS;

L; — anvHa pe3bBbl Tpy6bl € NOMHLIM Npodunem;

m — pacyemmHas macca mpyb6bi;

m,— macca 06bI4HON MydThl;

mgyg — Macca MydpTel Ans obcagHbix Tpy6 BC;

Mg, — Macca MydThl, yaanaemas npu BbINONHEHUN cneLmanbHon dacku;

Mg, — Macca My Tbl co cneupanbHon dackow;

my;, — yeenu4yeHue Maccsl mpybbi pu HapyXHoU U eHympeHHel ebicadkax;

Mgy, — y8ernuyveHue mMacchl mpybbl rpu HapyHoU ebicaoke;

my,, — yeesnudyeHue maccbl mpy6bl rpu eHympeHHel ebicaoke;

my (W) — pacueTHasa macca Tpybbl AnvHon L;

Mye (Wpe) — Macca Tpy6bl 6e3 pe3bbbl ¥ 8bIcadku Ha eAVHULY ANVHLI;

m, — macca, yaansiemas npu HapesaHum peabbbl Ha Tpybe;

my; (W,;) — Macca Tpy6kl ¢ pe3bboit U MydTol Ha eauHULY OSHBI;

m, (w,) — macca Tpy6bl nocne Bbicaakn Ha eAUHULY ATUHbI;

mu— HeonpeaeneHHoCTb Mogenu;

M — paccmosiHue om mopua Myghmsi 80 NIOCKOCMU PyYHO20 C8UHYUBAHUST;

M, (T) — KpyTALLMA MOMEHT;

n — 4ucio ucnsimaHull Ha cMsIMue;

Ny (Ny) — umcno uenoiTaHuit;

N — 4uncno BUTKOB B COMPSDKEHUN;

OV — 0BanbHOCTb;

p — war pe3bbbl;
Papp — Oeticmeyrolyee OasrieHue,
P, (b.) — naBneHue cMATUS;
Pap — NpedenbHoe dasrieHue;
P (pg) — OaBneHne cMATUs Npyu Han4u BHyTpeHHEro AaBreHus;
Pes (Pges) — NMPOEKTHOE AABMNEHNE CMATUS,
Pesi (Pgesiy — NPOEKTHOE AaBNEHWe CMSATUS C NOMPABKOW Ha BHYTPEHHee AaBreHue;
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Pes e (Pdes ¢) — OABMNEHWE CMSITUS C MOMNpPaBKO Ha OCEBOE HaNpPsPKEHWE U BHYTPEHHee AaBrieHue;

P, (bs) — OAaBNeHWe ynpyroro CMsITusi;

Pec (Poc) — Pa3HOCTb AaBMEHWUIA YIIPYroro CMSTUS;

P des (Pe ges) — MPOEKTHOE AaBEHUE YMPYroro CMATUS;

P uit (Pe uit) — NpeaensHoe AaBneHue ynpyroro CMaTus;

P;— sepossimHocme omka3a mpy6bl ripu iacmu4ecKoM paspyuieHuu;

Pt (Pri) — vicnbiTaTensHoe rmapocTaTUieckoe AaBneHue;

P, (p;) — BHYTpeHHee faBneHue;

P (pir) — BHYTpPEHHee AaBneHue npu paspyLlieHuu;

Py (p; ) — BHYTpeHHee AaBneHue Npu NosiBNEeHNN YTeUKN;

Pg (pir) — BHYTPeHHee AaBreHue Nnpu niacTu4eckom paspyweHun Tpybbl ¢ TOPLEBLIM YNIOTHEHUEM;

PRra (Pira) — PR C MOMpaBKoW Ha OCEBYIO HArpy3Ky v Hapy)xHoe AaBneHue;

Pip (p2) — usmeHeHue dasrieHusi sumkoe pe3bbbl Mychmbl U HUMNMess dpye Ha dpyaa 6 pe3yribmame CeuH-
queaHUs riocrie rMpusioKeHuUs1 BHympeHHe20 0ae/ieHuUs;

Py arm (Piy ap1) — BHYTPEHHEE AaBNEeHNe BO3HUKHOBEHUA TEKYHECTU B TOHKOCTEHHOU Tpy6e;

Py (Pivc) — BHYTPEHHee AaBneHne BO3HUKHOBEHUA TeKy4ecTu B MydTe;

Py ¢ (PiyLc) — BHYTPeHHee AaBrieHne BO3HUKHOBEHWSA TEKYYECTU B TONCTOCTEHHOW Tpy6e ¢ TopLeBbIM Y-
NoTHeHVeM;

Pito (Pivio) — BHYTPEHHEEe AaBneHWe BO3HUKHOBEHWUSI TEKyHeCTU B TONCTOCTEHHOW TPpybe ¢ OTKpbIThIMU
Topuamu;

P} — npoyHoCTb coeanHeHNs;

Py (pm) — pasHocme OaeneHut;

P, (p,) — Hapy>xHOe AaBneHue;

P, uit (Po uit) — NpeaensHoe HapyXXHoe AaBneHue Npu cMsTuuy;

Pp (pp) — AaBneHune NnacTu4eckoro CMATUS,

Pp.y (Ppay) — OaBReHUe cpeaHero nNnacTU4ecKoro CMATUS;

Py, (p1) — OaeneHue sumkoe peabbbl Myghmbl U Hurnesnsi Opyea Ha Opyaa 6 pesyribmame C8UHYUBaHUsI;

P (p) — npedenbHoe OasrieHuUe 2epMemudHoCmMu coeOUHEHUS;

P+ (p1) — AaBneHve nepexogHoro CMSATUS;

P11 (puit) — NpegensHoe gaBneHne CMATUS;

P, (py) — AaBneHve nnactu4eckoro cMATUs,

Py (Pyc) — pa3HOCTb AaBMeHuMi NNacTMYeckoro CMATUS;

Py ges (Py des) — MPOEKTHOE AaBrieHUE NacTMHECKoro CMATHS;

Py (bym) — pasHocTb Mexxay AasrieHnem no cooH Musecy 1 no ToNWMHe CTeHKH;

Py, (pv) — AaBneHue cMATUS Npy JOCTWXKEHUW Npeaena Teky4ecTy;

Py Tresca (Py Tresca) — A@BMIEHWE NNACTUYECKOrO CMATUA MO Tpecky;

Py it (Py uiY) — NpeAensHoe AaBrieHue NnacTMHeckoro CMATUs;

Py vme (Pyvme) — A@BIIEHME MIACTUYECKOTO CMATUS MO choH Musecy;

Q— AnameTp pacToYK/ B MIOCKOCTU TopLa MydThl;

r— pagvanbHas koopavHara;

r, — paduyc orpasku (ryaHcoHa) 071 ucrbimaHusi Ha HarpaesieHHbIl 3a2ub;

1, — paduyc mampuusi 01151 UCTIbIMaHUS Ha HarnpaeneHHbil 3a2ub;

R (rs)— ocTaTouHOe HanpshkeHUe npu oTPULATENBHOM CKaTUM Ha BHYTPEHHER MOBEepXHOCTH;

S, — Cpes no BnagmHam npoduna TpeyrosisHon peasol;

Syp— CpedHeKBadpaTU4Hoe OTKITIOHeHWE OTHOLIEHWI {/D, ncnonb3yeMblX Ansl perpecCcMoHHOro aHanusa;

S — paccTosHKWe mexay nnacTuHaMu Npy CRLWMBaHNK;

S, — cpeaHekBaApaTMyHan NOrpeLHOCTb OLEHKM Mo hopMyre perpeccum;

t — HOMWHanNbHaA ToNLWMHA CTEHKUN TPY6bI;

t.ve — CPEAHAA TOMLLMHA CTEHKN 6e3 yyeTa HeCOBEpPLUEHCTRB TUNa TPELLUH;

t; 2ve — CPEAHAA TOMLUMHA CTEHKU TPYObI;

t; max — MakcuMarnbHasi TofnwuHa CTeHKU Tpyobl;

L. min — MUHUMaAnNbHas TONLWMUHA CTEHKA TPYGbI;

max — MakcumanbHas TonLMHa CTeHKU 6e3 yueTa HecoBepLUEHCTB TUMa TPeLLWH;

tmin — MUHUMaNbHas TOMLMHA CTEHKU 6e3 yYeTa HeCoBepLUEHCTB T1na TPeLLyH;

T4 — KOHYCHOCTB;
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X — BEKTOp cryyaiiHbIX NepeMeHHbIX;

8 — nokasarernb HaAEXHOCTU NepBOro NopsAKa;

€eng — KO3DDULIMEHT AecbopMaLMK;

€1, — norapudmuyeckasn aecopmaLms;

€ymn — AepopMaLs, COOTBETCTBYIOLLAS YCTAHOBNEHHOMY MUHUMAITLHOMY Npeaeny TekyHecTu;
\L— cpedHee 3HaYeHue;

U — CpelHee 3HayeHue OaeareHus1 cMsmusi 851 Habopa pe3y/ibmamos ucrsimaHul Ha cMamue;
Mec — CPEAHMUIA pACHETHBIV SKCLIEHTPUCUTET;

Wy — CpeaHee pacyeTHoe 3HaueHue Gy,

Loy — CPEAHSA pacyeTHas 0BanbHOCTb;

s — CPpeaHee pacyeTHOe OCTAaTOUHOE HaMNpsbkeHWe Npu oTpuLaTeNIbHOM GKaTUW Ha BHYTPEHHE MoBEpXHOCTH;
v — koadbdpuumeHT MNyaccoHa;

T — YWCIO Nu;

@; — BEpOSATHOCTbL OTKa3a;

6 — yron cneuuansHoi hacku;

6, — HeyuTeHHasi AONs MonynsLum;

© — cpeaHeKBaapaTUYHoe OTKIOHEHWE;

0, — COCTaBMsioLLas 0CEBOro HanpsKeHUsl, He Bbl3BaHHas U3rMbom;

G, — COCTaBNAOLLAs 0CEBOro HanpsHKeHUs, Bbi3BaHHast U3rnbom;

G, — UCTUHHOE HanpsikeHue (HanpsbkeHue Kowm);

O, — 9KBMBASIEHTHOE HanpsPKeHue;

Cerf — 3EKTUBHOE HaMpsPKeHne;

O — HanpsbkeHue B CTeHKe Tpybbl NpU rMapocTaTUHECKOM UCTIbITaHNW;

G, — TaHreHuyanbHoe HanpsbkeHve;

Gpmy — MaKkcrMaribHoe OCHOBHOE HarpshkeHue;

©,— paavansHoe HanpshkxeHue;

Gres — OCTATOUHOE HaMNpsPKeHUe;

0, — cpedHeKkeadpamuyHOe OMKITOHeHuUe Habopa pe3yibmamos ucribimaHull Ha cMamue;

Oy, — MOPOroBoe HanpshkeHue;

o, (f,)— npeaen NpoYHOCTU NPU pacTsKeHUM NpeAcTasuTeNbHoro obpasua;

Oumn (Fumn) — 384aHHBLIA MUHUMaNbHBIV NPeaen NPOYHOCTU NPU PaCTSXKEHUK;

Gumnc (Fumne) — 3204aHHBLI MUHUMASBHBLIV Npeaen NPOYHOCTU NPU pacTsKeHUN Ans My Thl;
Gumnp (fumnp) — 3aAaHHBIA MUHUMAsBHBIA Npeaes MPOYHOCTU NPU PACTSKEHUM A1st Tena TPy6bi;
Oyp (fup) — NPEAEN NPOYHOCTW NpeAcTaBUTENLHOTO 06pasLia Npy pacTsbkeHn AN Tena TpyoGbl;
oy (f,) — Npeaen Teky4ecTn NpeacTaBUTensHOro obpasuia Npu pacTsHkeHuu;

Oyax (fyax) — SKBMBANEHTHLIV NPEAen TEKy4eCTV NPy HAaNUYMU OCEBOTO HANPSHKEHNS;

Gye (fe) — BKBUBANEHTHOE HANPSKEHWME TEKYYECTU NPU HANWUYUKM OCEBOTO HANPSDKEHUS;

Gymn (fymn) — 3a4a@HHbIA MUHUMANLHBIA Npeaen TeKy4ecTU NPY PacTsbKeHUH;

Gymnc (fymne) — 384aHHBIA MUHUMANbLHBIA Ppeaen TEKYYeCTU NpU pacTshkeHUn ANa MydTbl;
Gymnp (fymnp) — 3aA@HHBIN MUHUMATTEHBIA NIPEAEn TEKYHECTU NPY PacTsHKeHUM ANs Tena Tpy6bl;
6y (f,p) — Npeaen Teky4ecTv NpeacTaBUTeNbLHOrO o6pasua nNpu pacTsHkeHUn Ana TpyGbI;

3 (g¢1) — YANUHEHWe Npu pacyeTHOW AnvHe obpasua 50,0 Mm;

Tha — KacaTenbHOe HaNPHKEHUE NP KpyHeHUu;

A, (e) — V3mMeHeHne macchl Npu oTAErKe KOHLOB.

5 CokpaweHus

B HacToswWweM cTaHgapTe UCMonb3yloT creayloLne CoKpalLeHUs:

BC — tvin ynopHoro coeanHeHust o6cagHbIX Tpy6 ¢ TpaneuenaansHol pess6oi;

EU — Tvn coegnHeHUst HACOCHO-KOMIMPECCOPHbIX TPY6 € BbiCaXEHHBIMU HapyXy KOHLIaMN € TpeyrosibHoOM
pe3bboit;

FAD — gnarpamma oLeHKV BEPOSITHOCTU pa3pyLUEHUs;

LC — tvn coeaunHeHnss o6cafHbIX TPY6 ¢ YANMHEHHOI TpeyrosibHol pe3b6oii;

NU — Tvn coeguHeHusl HACOCHO-KOMMPECCOPHbIX TPY6 € TpeyronbHoN pe3bboi;

PDF — napameTpbl yHKLMK pacripeeneHnst BEpOATHOCTEN;
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CDF — dyHKUmsi KyMYNSITUBHOTO pacrpeaenenms;

SC — ™1n coeguHeHns o6caHbIX TPY6 € KOPOTKO TpeyronsHol peab6oit;

MK3 — moaenb KOHeYHbIX 3NeMeHTOB;

HKT — Tun coeanHeHnst HacocHoO-KOMNPeCCopHbLIX TPYG ¢ TpeyronbHol pessb6oi;

HKTB — Tvin coeaMHeHNs1 HacOCHO-KOMMPECCOPHbIX TPY6 C BbICAXKEHHBIMU HAPYXKY KOHLLAMU C TPEYronbHOM
pe3bboil;

HKM — T1n coegnHeHUst HacocHO-KOMMPECCopHbIX TPYD ¢ TpaneLenaarnbHo pe3bboii U y3IoM YrnoTHEeHUs
«MmeTann-mMeTan»;

OTTM — Tvn coegnHeHWs ob6caaHbIx Tpy6 ¢ TpaneLenaansHol peabbol;

OTTI — Tvin coeamHeHnsA obcagHbix Tpyd ¢ TpaneLevnaanbHol pe3sbol 1 y3nom YNIoTHeHUS «MeTani-
meTann».

6 TpexmepHas Teky4ecTb Tena Tpy6bl

6.1 OOLwme nonoxeHus

Mpy aHann3e TpexmMepHOI TekydecTu Tena Tpybbl cnonbayroT Kputepuii doH Museca. Ynpyroe coctosiHve,
npusoasiLLee K BOSHUKHOBEHWIO TEKyHECTI, BOSHUKAET MPpY HanoXeHU cnegytoLmnx pakropos:

a) pagvanbHoro U TaHreHLMaibHoro HanpsbkeHUiA, onpegenerHbIX no dopmMynam Jlame Ans ToNcToCTEHHOro
LuunuHapa;

b) paBHOMepHOro 0CeBOro HanpsKeHNst OT BCEX MCTOYHWKOB, KDOMe 13rnba;

C) 0CeBOro HanpsbkeHus nsrnba ans 6pyca TUMOLLEHKO;

d) HanpsXeHWs caBura Npu KpyvyeHU MOMEHTOM, HanpasieHHbIM MO OCK TPYObI.

Bonee noapobHas nHdbopmMaLys Mo pacHeTy TPEXMEPHOI Teky4ecTy Tena TpyGbl NpvBeaeHa B NPUNoXeHn A.

6.2 [lonyLwieHUsA U orpaHUYeHUs

6.2.1 O6wWwuKe NnonoxeHus

®opmynebl (1)—(7) ocHoBaHbI Ha NprBeAeHHbIX B 6.2.2—6.2.5 fonyLUeHUsIX.

6.2.2 KOHUEHTPUYHOCTb M OKPYXXHOCTb NonepeyHoro ce4yeHns Tpyobl

dopmynbl AN pagnanbHbIX U TaHreHUManbHbIX HanpskeHWi, narnba u KpyueHust OCHOBaHbI Ha Npeanosno-
XEHWUK, YTO ceveHne TpyBbl COCTOUT N3 HAPYXKHOW U BHYTPEHHEW OKPYXHOCTEW, KOHLEHTPUYHBLIX U UMEIOLLIUX
npaBubHYH opMmy.

6.2.3 U3oTponHas TeKy4yecTb

Mpegen TekydecTu TpyGbl NpeanonaraeTcs He 3aBUCSALLMM OT HanpasneHust. MpeanonaraeTcs, 4To CBOIA-
CTBa NPOAOSbLHLIX U NomnepedHbIX 06pasLoB MAEHTUYHbBI, OHW 06naaaloT oAVHAKOBLIMU MOAYNAMU YNPYrocTu U
npedenamy TEKy4ecTW Npu PacTHKEHUN U CKaTUW.

6.2.4 OTcyTCcTBUE OCTATOYHBLIX HaNpPsHXKeHUI

Mpu onpeaeneHUn BO3HVKHOBEHWS TEKyYeCTU NpeanonaraeTcs, YTo 0CTaToOuHbIMU HANPSBKEHUSIMU, BO3HW-
KatoLLMMU B XoAe NPoun3BOACTBEHHOMO NpoLiecca, MOXHO npeHebpevs.

6.2.5 HeycToiunBocTb nonepeyHoro ceveHus (CMATUE) U NPOAONLHAas HEYCTOMUYMBOCTb (BbIFHY-
TOCTb)

Mpu P, > P; BO3MOXHO CMSATVE NONEPEYHOro CeYeHUA 13-3a NOTepu YyCTONUMBOCTY eLLie A0 BO3HUKHOBEHUS
TekydecTu. Criyyaii cMSATUS, Korda HapyxHoe AasneHue 6onblue BHYTPEHHero, cM. B pasaerne 8. AHarnormyHo npu
Ot < 0 BOZMOXHA MOTEps MPoAcNbHOM YCTONYMBOCTU TPyDbl 40 BOZHUKHOBEHUS TEKYYECTH, U usrubaroLume Ha-
MPSPKEHUS1 OT BbIFHYTOCTU HEOBXOAMMO yHUTLIBATL NPU NPOBEPKE Ha TeKyHeCTb.

6.3 Tpe6oBaHUA K UCXOAHBIM AAHHbIM

[nsa pacyeTta TpeXMepHO TekyvecTu Tena Tpyobl He06X0AUMEI CreayoLme UCXOaHbIE AaHHbIE:

¢ — un3rnb Tpybsl — obpaTHasi BenvunHa paguyca usrnba ocu Tpy6ul, pag/m;

D — HOMUWHanbHbIN HAapYXXHbIA AnameTp Tpy6bl, MM;

F, — oceBoe ycunue, H;

Gymn — 3@4@HHbIA MUHUMaNbHBIA Npeaes TeKy4ecTy Npu pacTskeHnu, MlMa;

Kyall — KO3ULIMEHT, yunThIBAIOLLMIA YCTAHOBNEHHOE NpeaenbHOe OTKIOHEHWe TOTLMHBI CTEHKU Tpy6b,
paBHbIi 0,875 ans npeaensHOro OTKNOHeHWA MUHYC 12,5 %;

P,— BHyTpeHHee gasnexve, MMa;

P,— HapyxHoe gasneHuve, MMa;

M, — nNpunoxeHHbIN KPYTALLMA MOMEHT, H - m;

t — HOMUWHanbHas ToNLWMHA CTEHKU TPYObl, MM.
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6.4 ®opMyna NpoeKTHON TPpexXMepHOMN TeKy4ecTu Tena Tpybbl
BosHukHOBEHWE TeKydecTu onpeaenseTcs cneayowmmM paBeHCTBOM

Oe = Oymn; (1)
rA€ Gg < Gy, COOTBETCTBYET YNPYroMy COCTOSHUIO;
O, — 9KBUBArieHTHoe HanpsbkeHue, MMa;
Gymn — 38[1@HHbI MUHUMAaTTbHBIV Npeaes TeKy4ecTu npu pacTskeHun, MMa.
OKBUBANEHTHOE HaMNpsbKeHWe BblYMCNAoT No hopmyrie

1/2
0, = [c% +63 +(o, +cb)2—c,ch— 6.(c, +0,)-0, (0, +Gb)+3tﬁa] : 2)
npu aToM:
d?_ D?
(ReZas - RD?) - (A- o) 22—
O, = — ; 3)
D _dwa]]
2 2]
2 dywan D
(R ~ PD2) + (R- R P2t
Op= Y ; “)
D _dwall
A
Ca= 2 ®)
Gy=+ 2L =+ Eor (©)
_Mr
Tha = 7 (7)

rae o, — 9KBMBANeHTHoe HanpsikeHwe, MIMa;
©, — paavansHoe HanpskeHve, MMa;
O, — TaHreHumansHoe HanpsikeHwe, MlMa;
G, — COCTaBAOLLAA 0CEBOro HanpsbKeHWs, He Bbl3BaHHas narnbom, MMa;
O, — COCTaBNsAoLLAA OCEBOro HanNpskeHUs, BblaBaHHas narnbom, MIMa;
Tha — KacaTesbHoe HanpsbkeHue npu kpydeHuu, MMa;
P, — BHyTpeHHee gasneHve, Mla;
Oyal — BHYTPEHHWIA AnameTp Tpy6bl, paccHUTaHHbIN € KOIPDULIMEHTOM Kyay, PABHBIA (D — 2Ky 1), MM;
Kyan — KO3hpULIMEHT, yunThIBaIOLLMI YCTAHOBNEHHOE NpeaenbHOe OTKIOHEeHWE TOMLWMHBI CTEHKU TPYObI, paB-
HbI 0,875 Anga npeaenbHOro oTKNOHeHUs MUHYC 12,5 %);
{ — HOMWHanbHasa TOMWKMHA CTEHKN TpyDbI, MM;
P, — HapyxHoe gasneHve, MlMa;
D — HoMVHanbHbI HAapYXHbIA AMameTp TpyObl, MM;
r — pagvansHas koopauHarta, di2 <r< D/2 ana o, 6, VW Th,, dyan /2<r< D2 ansi 6, v o};
d — BHYTPEHHWIA AnameTp Tpybbl, paBHblli (D — 2t), MM;
F, — oceBoe ycunve, H;

A, — nnoliafs nonepeyHoro ceveHys Tpybsl, pasHas % (D? = d?), Mv?;

1, — narnbarowmin MomeHT, H - Mm;

I — MOMEHT NHepLIUN NoMepeyHoro cedeHms TpyGbl, pasHbli 2o (D* - d*), mm*;

E — mopynb KOHra, pasHbiii 206,9 Mla;
¢ — un3rn6 Tpybbl — oBpaTHas BenuynHa paguyca narinba ocu Tpyobl, pag/m;
M, — NpUNoXeHHbIN KPYTALLUA MOMEHT, H - M;

I, — nonsipHbIi MOMEHT MHEPLIM NONepeYHOro ceueHus TpyGhl, paBHbIi 3% (D* = d*), mm*.
10
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3Hak + B hopmyne (6) ykasbiBaeT Ha To, YTO COCTaBIsIioLLAst 0CEBOro HaNPsHKEHWS!, BbI3BaHHAsi N3rnbom,
MOXeT ObITb NOIOXKNUTENBHOW (NPU PACTSHKEHWUU) UK OTpULATENBHO (MPKY CKaTUK) B 3aBUCUMOCTU OT NOJSOXKEHUS
paccMaTpyuBaemMoi ToHkU nonepedHoro ceverus. OT nsrnba B Toukax NoNepPeYHoOro CeveHusl, pacrosnoXeHHbIX
6nuxe K LeHTpy paguyca narnba, 4em npogosibHas ockb TPyObl, BO3HUKAIOT CKUMaIOLLUE HAMPsSPKEeHUs], a B TOUKax
nonepevHoOro ceveHs, pacnonioXeHHbIX Aanblue oT ueHTpa paguyca usrnba, 4em npoaonbHas ocb Tpybbl, BO3-
HUKaIOT pacTArnsaroLmne HanpsHKeHUs.

EavHuuei nsmepeHna nepeMeHHol ¢ sisnsieTcs paguaH Ha MeTp, UTo He XxapakTepHo Ans HedTAHOW 1 raso-
BOW NPOMBILLNEHHOCTU. Halle npUMeHsieMol eAUHULLEN U3MepPEHUst TepeMeHHO ¢ aBnsieTcs rpagyc Ha 30 m.
Ons nepesoaa eanHULLI UsMepeHUa rpagyc Ha 30 M B paguaH Ha MeTp npaBylo HYacTb hopmynbl (6) HeobxoaMmo
YMHOXWUTb Ha NOCTOAHHY0 7t /(180 - 30) mnn 5,8178 - 1074,

Mpu Hanuaun nsrnba dopmyna (2) gomkHa UMETb 4 peLLeHWsT: Anst HApY>KHON U BHYTPEHHE! NOBEPXHOCTH
Tpy6bl NpY pacTspkeHUn u cxkaTuu. Mpu HanM4Mm kpydeHust copmyna (2) AomkHa UMETb 2 peLLeHUsT: ANst Hapyk-
HOW W BHYTPEHHel NoBepXHOCTU TPy6bl. Mpy oTCyTCTBUM KpYyYeHUst U u3rmba chopmyna (2) AormkHa UMETb OQHO
pelleHune: ANs BHyTpeHHero paguyca Tpybbl. Bo Bcex criyuasix B opmyny (1) cneayet noactasnsite Hanbornb-
Lee pacyeTHOe 3HaueHue G,

B pesyneTtaTe pacyeTa, NpuBeAeHHOro B HACTOSILLIEM nodpasgene, onpedensaioT HanpshkeHHoe COCTosIHWE,
npusoasLLee K TeKy4ecTu MeTanna Tpyb e criyvae Hauxyouwiux ceolicme amoeo Memarina, m. €. Npyu MUHUMAasibHO
[ONYCTUMBIX 3HAYEHUAAX 3TUX CBOMCTB. TOMNLLUMHY CTEHKWU TPYObl NPy 3TOM NMPUHUMAIOT PaBHOW MUHUMASTLHO AOMY-
CTVMOW TONLLUHE CTEHKW NPU SKCLIEHTpUCUTETE, SIBMSIOLLEMCA eCTECTBEHHLIM (hakTOpPOM npoLiecca NPousBoACcTBa
Tpyb6.

6.5 MNpumeHeHue ¢opmMynbl NpoekTHOW TpexMepHOW TeKy4yecTu Tena Tpybbl k Tpy6am ans

Tpy6onpoBoaos

Mpepen TekyvecT Tena Tpy6 Ans Tpy6onpoBoAOB MOXET GbITb paccuMTaH No NpMBeAeHHbLIM Boile hopMy-
naMm ¢ y4eTOM orpaHU4eHU’, NpUBeaAeHHbIX B 6.2.

6.6 MNpumepsbl pacyeTta
6.6.1 PacueT npoekTHOW TeKyyecTu Tena Tpy6ul no chopmynam Jlame B cnyyvae, Korga HapyxHoe
AaBrneHue, U3rué N KpyyeHue paBHbIl HynKo

®opmynbl [lame Ans pacdeTa pagnanbHbIX U TAHrEHUMANbHBIX HaNPsKeHU 0CHoBaHbI Ha hopmynax Tpex-
MepHOro paBHOBECHS! NoNepeyHoro ceyeHust Tpy6bl B COCTOSIHUM NMHERHOM ynpyrocTu. Mockonkky 3To dhopmynbl
ANs TPEXMEPHOro U3MepeHns, To oHK obecneyvunsatoT Hanbonee TOYHLIA pacyeT HanpshkeHW B Tpybe. [lanee
paccMOoTpeHbl ABa Buaa Takmx dbopmyn: Ans Tpy6 ¢ OTKPLITLIMM TOPLAMU, C OCEBLIMW HANPSHYKEHUSIMU, PaBHbLIMU
Hynto, 1 Ansi TPY6 ¢ TOPLIEBLIM YNIOTHEHUEM, C OCEBbLIMU HAMPSKEHWSIMU OT AEWCTBUSA BHYTPEHHEro AaBNeHUs Ha
TOpLieBOe YNIOTHEHMWE.

6.6.1.1 ®opMyna NpoeKTHON TeKy4ecTu Ans Tpyd C TOPLEBLIM YNIIOTHEHVEM

Bo3HUKHOBEHME TEKYHECTW B TONCTOCTEHHbIX TPYGaX ¢ TOPLIEBLIM YNNOTHEHWEM sIBNSIETCH 0COBLIM cryYaem
cpopmyn (1) 1 (2), koraa OTCYTCTBYIOT HapyXHOe AasneHue, usrub n kpydeHue. Ocesoe HanpsikeHWe cosgaetcs
TONbKO AEACTBUEM BHYTPEHHErO AaBreHUs Ha TOPLIEBOE YIIOTHEHUE.

dopmyny NpoeKTHol TeKy4ecT Ans TPYG € TOpLEBLIM YNOTHeHWEM ¢ yuyeToM dopmyn Jlame ansi paguans-
HbIX U TaHreHLManbHbIX HanpsXXeHW BelBOAAT 13 dhopMynbl (2). OkoHYaTenbHas dopmyna 6715 pacdema eHym-
peHHe20 dasrieHUs1 BO3HUKHOBEHUST MeKy4Yecmu Memarsiiia mosicmocmeHHbIX mpy6 ¢ mopuessiM yriomHeHuem
Pyic vMeeT BUA

Oymn
Pyie = 2 8)
3D* +di 4 20242
+ dwall d wall

2 2 V(o 22 (p? — a2)(D? - 42
D _dwall) (D —d) wall

rAe Oymp — 384aHHbIA MUHYMAbHBIA Npeaern TeKy4ecTy npu pacTshkeHny, Mra;
D  — HOMUHanbHBIA HAPYXHBIR AnameTp TpyObl, MM;
Oyan — BHYTPEHHWI AnameTp TpyObl, paccunTaHHbIN ¢ KO3PULMEHTOM Kyapi, PABHBIA (D — 2Kyap £), MM;
Kyal — KOBPULIMEHT, yunThIBaAIOLLMIA yCTAaHOBNEHHOE NpeaeribHoe OTKIOHEeHe TONLWMHBLI CTeHKU Tpy6bl, pas-
HbIlh 0,875 AN NpegenbHOro oTKnoHeHWs MUHycC 12,5 %;
t — HOMWHasbHas TOMLMHA CTEHKM TPYObI, MM;
d — BHYTPeHHWI gnameTp Tpybbl, paBHblii (D — 2t), MM.

11
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B dopmyne (8) He yuTeHO oceBoe pacTsbkeHUe, MOCKOMbKY OHO CO34aeTCsl BHYTPEHHUM AaBfeHnem Ha
TopueBoe ynnoTHeHWe Tpy6. B Gonee obLLem cryyae, Korga 0ceBoe HarnpsikeHue co3aaeTcs MHbIMU chakTopamm,
OHO YUUTLIBAETCA KPUTEPUEM TPEXMEPHOW TEKyYeCTU No cbopmynam (1) n (2).

6.6.1.2 ®opmyna NpoeKTHON TekydecTy Tena Tpybbl C OTKPLITLIMM TOPLAMW NPY OTCYTCTBUM HAPYXKHOTO JaB-
NEHWs 1 OCeBON Harpy3Kku

Bo3HUKHOBEHWE TEKYHECTU B TONCTOCTEHHBIX TPYGax € OTKPLITbIMK TOpLaMK SiBMsieTcA 0cobbiM cnyvaem
dropmyn (1) n (2), Korga OTCYTCTBYHOT paBHOMEPHas 0OCeBasi Harpyska, HapyXHoe AasfieHue, Usrnb n kpyyeHuve.

Popmyny NPoeKkTHO TeKyvecTu Tena Tpyb ¢ OTKPbITLIMU TopLamu ¢ yueTom chopmyn Ilame ans paguansHbIX
W TaHreHumanbHbIX HanpshkeHW BelBoasAT 13 doopmyrnbl (2). OkoHYamerisHasi ghopMyna O1is1 pacdema eHympeHHe-
20 OasrieHUs 803HUKHOBEHUSI MeKy4yecmu 8 moJiICmOCmMeHHbIX mpybax ¢ omkpbimsimMu mopyamu Py, ,, MMNa,
umeeT BUA

2
Symn (D2 - dwall)

Py = U2 »
(304 + dvﬁau)

)

rae Gymn — 3afaHHblii MUHUMasBbHBIA Npedes TeKy4ecTn Npu pacTshkeHny, MMa;
D — HOMWHanbHbIA HAaPYXHbI AnameTp Tpybbl, MM;
0yal — BHYTPEHHUA anameTp TpyObl, paccumTaHHbIl ¢ KO3hDULNEHTOM K.y, PABHBIN (D — 2K, ), MM;
Kyari — KORULIMEHT, YUUTHIBAIOLLMIA YCTAHOBIIEHHOE NpedenbHOe OTKITOHEHUE TOSLLMHBLI CTEHKW Tpybbl, pas-
Hbl 0,875 Ans npeaensHOro oTKNOHeHUst MUHYC 12,5 %;

t — HOMWHanbHas TOMLLMHA CTEHKU TPYObI, MM;

B 6onee obLuem cnyyae, korga oceBoe HanpsbkeHUe He PaBHO HyJ0, OHO YUUTLIBAETCA KpUTepuem Tpex-
MepHoii TekydecTu no chopmynam (1) v (2).

6.6.2 [laBneHue BO3HUKHOBEHMWS TeKy4yecTu Tena Tpy6bl no hopmyne Bapnoy

6.6.2.1 OBLMe NoNoXeHus

$opmyna Bapnoy Ans pacyerta AaBrieHUs1 BO3HUKHOBEHUS TEKy4YeCTy Tena Tpybbl ocHOBaHa Ha NpubnnxeH-
Ho chopmMyne oAHOMEpPHO (He TpexmepHoit) TekydecTu boH Museca 1 npubnukeHHON pacHeTHoN hopmyne TaH-
reHuManbHoro Hanpshkerust B Tpybe. Popmyna bapnoy annpokcMmMmnpyeT TaHreHumarnbHbIe HanpsPKeHs U 3aTemM
NpvpaBHMBAET 3Ty annpPOKCHMaLMIo K Npeaeny TekydecTu. Takas annpokcumauus SBnsieTcsl MeHee TOYHOW, Yem
pacyeT no chopmyne Jlame B 6.6.1. Mockonbky doopmyna Bapnoy He yunTbIBaeT OCeBbIE YCUIUA, TO NpU pacHeTe
Mo Hell HET pasHWLbl Mexay Tpy6oii ¢ TopLeBbIM YINIOTHEHWEM, TPYBOW C OTKPbITEIMW KOHLIAMM U TPYBOIA, Ha KOHLLbI
KOTOPOW AeCTBYET pacTsrMBatoLLlas Harpyska.

6.6.2.2 dopmMyna NpoeKTHON OAHOMEPHON TEKYYeCTU Noa AeNCTBUEM SABIIEHUS

dopmMyna Ans pacyeTa BHYTPEHHEro JaBfieHNsl BOSHUKHOBEHWUA TEKYUYECTU MeTarna TOHKOCTEHHBIX Tpyb
UmeeT BUA,

20 ymn (Kwan 1)
ymn \fwall
Py arm = D ’ (10)
rae P — BHYTpEeHHee JjaBreHve BO3HMKHOBEHNA TEKYMECTU B TOHKOCTEeHHON Tpybe, MMa;
iY Al
] — 3a4aHHbIA MUHUManNbLHBIA Npeaen TEKy4YecTy Npu pacTskeHun, MMa;
ymn
Oyan — BHYTPEHHWA AnameTp TpyObl, paccuUTaHHbIA C KOBPPULIMEHTOM K.y, PABHbIA (D — 2K,y ), MM;
Kyanp — KOPULIMEHT, yUMTHIBAIOLLMIA YCTAHOBMNEHHOE NpeAenbHoe OTKIOHeHUe TOMLWMWHBI CTEHKW TPy6bl,

paBHbIii 0,875 ans npegensHOro oTKNOHeHUst MUHYC 12,5 %);
t — HOMUWHanbHasi TONLMHA CTEHKM TPYObI, MM;
D — HOMWHanbHBIR HapyXXHbIA gnameTp Tpybbl, MM.

Ha cdopmyny (10) pacnpocTpaHaoTcs Te e AOMYLWEHUSA 1 orpaHudeHust, 4To 1 Ha 6onee obLume dopmybl,
13 KOTOPbIX OHa MOXeT BbITb BbiBedeHa (6.2).

6.6.3 OceBoOe ycunue npu BO3HUKHOBEHUU TeKy4YecTu Tena Tpy6bl no ¢opmyne Bapnoy

Mpenen Teky4ecTy Tena TpyGbl NpeacTaBnsieT cobol HanpshkeHre noa AelicTBEM OCEBOro YCUNUst Mpu
OTCYTCTBUM BHYTPEHHEro 1 BHELLHero AaBneHuii, nsruba u kpyderus. Ocesoe ycunume npu BO3HUKHOBEHUN TeKy-
YeCcTW paccHUTLIBAOT Mo crneaytoLlen hopmyne

FY AlU = GymnAp’ (1 1)

rae Fy sy — OCeBOe ycunue npu BO3HUKHOBEHWMW TekydecTu no dopmyne bapnoy, H;
o — 3aaHHbIR MUHUManbHbLIR Npegen Teky4ecTu npu pacTsbkeHnn, MMa;
ymn

12
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A, — nrolua b NONEPEUHOro Ce4eHs TpyBhl, pagHast % (D? - d?), mm?;

D — HoMWHanNbHBLIA HApYXHbIV AnameTp Tpybbl, MM;
d — BHYTpeHHUI gnameTp Tpy6bl, paBHbli (D — 2t), MM;
t — HOMWHanNbHaA TONWWUHA CTEHKN TPYObI, MM.
6.6.4 Bo3HukHOBeHUe TeKyuecTu Tena TpyOGbl Npu OTCYyTCTBUM U3ruba U KpyueHus
Mpwu oTcyTCTBUM M3rMbBa U KpydeHus chopmyna (2) npuobpeTtaeT BUAg

2, 2,2 12
Go= [csr +0j, +65-6,06,,— 6,0, —ohoa] , (12)

rae 6, — 9KBUBaneHTHoe HanpshkeHue, MMa;
O, — paauvanbHoe HanpsbkeHue, MIMa;
G, — TaHreHuuanbHoe HanpshkeHue, MMa;
G, — COCTaBNAOLLLAA OCEBOro HaNPsHKeHUs, He BbiaBaHHas usrnbom, MlMa.

Mpumep — Tpy6a ¢ HUXHUM OMKPLIMbLIM MOPYOM ONyWEHa 8 8ePNUKANIbHYIO CK8aXUHY, HanO/HEHHYIO
#Kudkol cpedoir nnomuocmuio 1,080 k2/dm*. BHympeHHee u HapyxHoe daeneHusi Ha mo6oii 2ny6ure 0duHaKoshbl,
a HuxHuUll KoHey mpy6bl ucnbimbleaem ocegoe cxamue, pagHoe npou3zeedeHuro daerneHusi Xudkoli cpedbl Ha
nonepeyHoe cevyeHue mena mpy6bbl. HapyxHbili duamemp mpy6bl— 244,48 MM, monuwjuHa cmexHku — 13,48 mm,
Kyan — 0,875. Mpunumaem nnomnocms cmanu paenoli 7,85 k2/dm° u npenebpezaem coeduneHusimu. Heo6xodumo
paccyumams, He 803HUKHeM J1U MeKy4Yecmb caMo20 8epxXHe20 cevyeHuss mpyb6bl, ecnu onycmums mpy6y Ha
any6uHy 3000 m. MunumarnbHbiii npeden mexkyvyecmu mpy6bi — 551,6 MIMa. Peaynsmams! pacyema npugedeHnl
e mabnuuye 1.

Mockonbky e amom npumepe u32ub U Kpy4YeHuUe omcymcmayion, MOXXHO He 8bIYUCIISIMb O, 07151 HapYXHOU
u eHymperHel nogepxHocmeli mpy6bi, NOCKOMLKY MeKyYyecmsb ece2da e03HUKaem Ha eHympeHHel No8epxHoc-
mu. Ho e danHom npumepe npueedeH pacyem 951 o6eux nogepxHocmei.

MockonbKy akeueganeHMHoe HanpspkeHue MeHbue npedesia MeKy4ecmu, mo 8 caMOM @epXHeM CeyYeHuu
mekyvyecmes Memarnna He Hacmynunm.

Tabnwuuya 1— MNpumep pacyeta BOZHUKHOBEHNS TEKYYECTU NPU OTCYTCTBUM U3rMbGa u KpydeHus

NapameTtp 3HaueHue
Harpyska
Fa 1995717 H
P, 31,73 MlMa
P, 31,73 MMa
c 0°/30 m
M —
[eomeTpuyeckne napameTpsl
D 244 48 mm
t 13,84 mm
Kwall 0,875
CeolictBa metanna
E 206,9 Ma
PacyeTHble 3HaueHus
d 216,80 mm
Aall 220,26 mm
Ao 10028 mm?
I 66920762 mm*
I 133841524 mm*
0N 199,01 MnMa

13
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OkonyaHue mabnuus! 1

MNapameTtp 3HaveHne
BHyTpeHHAsi noBepxHOCTb
G —
Ch -31,73 MNa
G -31,73 MMNa
Tha _

O Op t 230,74 MMa
O Op— 230,74 MMa
HapyxHas noeepxHOCTb

o —
G -31,73 MNa
o -31,73 MNa
Tha -
e Op + 230,74 MMa
Og, Op— 230,74 Mlla

7 MNMnacTuyeckoe paspylieHue Tena Tpyobl

7.1 O6wWwme nonoxeHus

Mo dbopmyne NpoeKTHOro AaBieHUs NNacTUYECKOro paspyLieHUs onpeaensloT hakTudeckoe paspyLleHne
Tena Tpybbl Nog AelicTBUEM BHYTPEHHero AaeneHust. B To Bpems kak no dopmyne us pasgena 6 onpegensior
BO3HWKHOBEHWE NacTU4eckoi AedopmMaLiu, a He NoTepro LeNoCTHOCTM TpyOl, No chopMynam NPOEKTHOro aAasne-
HWS MacTUYEeCKOro paspyLUeHst onpeaensitoT cnocobHoCTh Tpybbl BhlAepKMBaTL BHYTPEHHee AasneHne 6e3 no-
Tepu repMeTUYHOCTU.

$opmynbl NPOEKTHOro AABSIEHUSA MIACTUYECKOro Pa3pyLUEHNs yUMTLIBaOT MUHUMAanbHbIE AONYCTUMbIE TOM-
LLMHY CTEHKM 1 HOMUHANbHBIA HapyXXHbLIA AnamMeTp TpyObl, MakCUManbHyo ryBUHY HECOBEPLLEHCTB, HEBLISIBNEH-
HbIX CUCTEMOI KOHTPONA, BAKOCTb paspyLLeHUs 1 AedopMaLnoHHoe ynpovHeHue MeTtanna, npeaen NpovHoOCTH
TpyGbl. Mpeaen Teky4ecTu He okasblBaeT HEMOCPEACTBEHHOIO BUSIHUS HA AaBNEeHWE NNAacTUYECKOro paspylue-
HYS1, HO BIUSIET Ha KO3 DULMEHT YyNPOoUHEeHUA K;,.

®opMyribl MPOEKTHOro AaBNEHUA MITACTUYECKOTo paspyLLeHUst MOryT BbiTh BbiBeAEHbI HA OCHOBE MeXaHUKK
paBHoBecus Tpybbl B coueTaHWN € MOAErbIO MNAacTUMHOCTU TPY6bl U Moaenblo BAUAHUA HecoBepLUeHCTB. Beibop
OCHOBHOW hopMyIbl, IPUMEHeHWe 3Tol opMynbl K CTaHAapTHLIM Tpybam 1 conocTasneHune hopmyrbl ¢ peaynb-
TaTaMu UCnbITaHUA NoApobHO paccMOTpeHbI B NpunoxeHun B, a Taicke B ctaHaapTe [3].

®opmynbl NpegenbHbIX 3Ha4YeHWI AaBneHUA NNAcTUYECKOro paspyLueHUs U hopMyIbl TPOEKTHOro Aasne-
HWsI OCHOBAHbI Ha TPEX B3aMMOCBSI3aHHbIX MONOXKEHUAX:

a) dbopmysie paBHOBECHSA NACTUYECKOro paspyLleHns Tpybbl ¢ U3BECTHLIMU MUHUMAaTbLHOU dorycmumol
TOJLUMHOW CTEHKM U HOMUHAMNBHBIM HAPYXXHbLIM AUaMeTPOM;

b) ymeHbLUeHWI AoNYCTUMOR MUHUMAIBHOR TOMNLWUHBI CTEHKI Ha rNyBWMHY HECOBEPLLEHCTB, HE BbISIBIIEHHbIX
CMCTEMOM KOHTPOSS;

C) KPUTEPUN MUHUMANBHOW BA3KOCTU, NP KOTOPOW NMPOMCXOAMNT NiacTuyeckoe paspyLleHue.

311 cbopMyIibl MPUMEHMbI AN TPYB, HaxoasaLWUXea nod AeACTBMEM AABIIEHUS U OCEBOI HArpysku, HO He
NMpUMeHUMbI ANA onpedeneHns CTOMKOCTU TPy6 Npu YCTanoCTHbIX Harpyakax. BelumTaHue U3 TONLWMHbI CTEHKM
TPYGbl FNyGUHBLI HECOBEPLUEHCTB 1 YYeT BA3KOCTWM MeTana Tpy6 ocHOBaHbI Ha MexaHuKe paspyLleHus], kotopas
CBSA3bIBAET N3MEPEHHY!0 BASKOCTb paspyLueHus J,, 06pasLioB Tpyb ¢ pacieTHON MHTEHCUBHOCTbLIO HANPSPKEHU B
BEPLUMHE TPELLMHbI (J-MHTerpanbl) kak hyHKLMIO OT rnyBuHbI HecoBepLueHcTB. MoapobHee — cm. Npunoxerue B.
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7.2 OonyuweHUn U orpaHUYeHuns

3T hopMyrbI NPUMEHUMBI TONBKO B TOM Crydae, Koraa MeTann Tpy6bl B AaHHOI cpeae obnagaet goctatod-
HO BbICOKOIA BSI3KOCTbI0, COOTBETCTBYIOLLLEN MUHUMATTLHOMY KPUTEPUIO, B COOTBETCTBUM C KOTOPLIM AedbopMaLus
Tpy6Gbl B AaHHO cpeae BNoTb A0 paspyLIEHUsl UMeeT NIacTUYECKUii, a He XpYNKUIA XapakTep Aaxe Npu HanMumu
He3HauNUTeNbHbIX HECOBEPLUEHCTE.

Hanpspkenust narnba, BosHUKaoLLWe, Hanpumep, Npyu U30rHYTOCTU UMW KPUBU3HE CKBaXWHbI, He BXOAAT B
pacyeTHyto hopMyIy AaBSIEHUs NNAaCTUYECKOro paspyLueHus. MoaToMy hopmyna NpoeKTHOro AaBneHus nnacTu-
YECKOro paspyLUeHUs He NpUMEHMA ANs TPYGbl B M3OTHYTOM UMW KPUBONUHEAHON CKBAXUHE.

7.3 Tpe6GoBaHUA K UCXOAHLIM AAHHBLIM
7.3.1 O6wme nonoxeHusn

[ns BbINOMHEHNA pacyeTa AaBlIeHUs1 NNAcCTUYECKOro paspyLueHus Tena Tpy6ul HeobxoauMbl cneayrowme
ucxofaHble AaHHbIe:

ay — MybrHa HecoBepLUEHCTBA, CONOCTaBUMAast C KOHKPETHLIM YPOBHEM NPUEMKMU, T. . HanbonbLuas rny-
61Ha HecoBepLUEHCTBA TUMNA TPeLUWHbI, KOTOpas MOXET ObITb MPUHATA CUCTEMON KOHTPONSA KakK AONYCTUMOe
HecoBepLUEHCTBO, MM. Tak, Npu koHTpone Tpy6 TONLWMUHON CTEHKN 12,7 MM € YpOBHEM NpUeMKn 5 % ay paBHa
0,635 mm;

D — HOMUHarLHbI HApPYXXHbIR AnamMeTp Tpy6bl, MM;

Gyumn — 3a0aHHbLIA MUHUMANLHBIN NpeAen NPOYHOCTU NpY pacTskeHun, MIMa;

k,— K09 dMLMEHT NPOYHOCTM MPK paspyLLEeHUA, NoNYYeHHBIV Mo pesyrbraTtam UCTbITaHWi U paBHbIA 1,0 —
Ana Tpy6 us ctany L80 T1n 13Cr nocne 3akanku 1 oTnycka (C MapTeHCUMTHOW CTPYKTypoii) n 2,0 — ansi Tpy6 nocne
MpoKaTKu U HopManusaLumn; NPy OTCYTCTBUKU pe3ynsTaToB UCNbITaHWUIA NpUHUMaETeA paBHbIM 2,0. 3HadeHue koad-
1umeHTa 4ns KOHKPETHOrO MeTasna Tpybbl MOXeT BbITb YCTAHOBNEHO NPU MPOBEAESHUM UCTILITAHUS;

Ko — KO3hPULIMEHT, yuUTLIBAIOLLMIA YCTAHOBNEHHOE NpeaernbHOe OTKIOHEHWUE TOMLLUMHBI CTEHKU TPY6bI,
paBHbI 0,875 onsa npeaensHOro OTKNOHeHUst MUHycC 12,5 %;

Ky, — KoadhdpMUMEHT yNpOUHEeHUs A4S KPMBOW UCTUHHOTO HanpskeHUsi-aedopMaLmm, NoNyYeHHOM NpU UCTbi-
TaHWUW Ha ogHoOoCHOE pacTskeHue (cM. B.2.3.3, npunoxeHue B);

t— HOMUHanbHas TosLWWHA CTEHKM TPYOGbl, MM.

7.3.2 OnpegeneHue KoadpuLmeHTa ynpoyHeHUs

Mpw oTCYTCTBUK MHDOPMALIMK O HaNPsXXeHUsIX U aedbopMaumnax KoadduUMeHT k;, BbibUpatoT 13 Tabnuubl 2.

Ta6nwuuya2— PekoMeHayeMble 3Ha4eHUs KoanuMeHTa ynpouHeHnus ansa ¢op-
Mynbl MPOEKTHOro AaBIieHNUs NNacTUHECKOro pa3pyLleHust

[pynna npovHocTU kK,

H40 0,14

J55 0,12

K55 0,12

M65 0,12

K72 0,11

N80 0,10

L80 tvn 1 0,10
L80 tun 9Cr, L80 tun 13Cr 0,10
C90 0,10

R95 0,09

T95 0,09
P110 0,08
Q125 0,07
Q135 0,06
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Ecnu rpynna npoYHOCTW MaTepuana HeM3BeCTHa, HO MaTepuarn He NoABepraeTcs 3HaUMTENBEHOMY YNPOYHe-
HWHO, TO kKoahULIMEHT K, MOXeT BbITb onpeaerneH rno cnegytoLuei hopmyne

k, = 0,1693 — k.0, (13)

rae K, — koadhULMEHT YNPOYHEHUS A1 KPUBOW UCTUHHOTO HanpsixeHus-aedopmaviii,
rony4eHHoN Npy UCMbITaHUK Ha 0QHOOCHOE pacTsikeHve (cM. B.2.3.3, npunoxeHve B);
k., — koathULMEHT NepecHeTa HaNPsKeHWNA, pasHbIii 1,18 - 1074 MMa™;
G, — Npejen TeKy4ecTy npeacTaBuTensHoro o6pasLa npy pactsxeruu, MMa.

$opmyna NpoeKTHOro AaBeHWs NNAacTUYECKOro paspyLUeHnUs Tpyb cpaBHUTENBHO Mano 3aBUCKT OT Koad-
duvumenTa k;,. OgHaKko Npy UCrMonL30BaHUM MaTepuana co 3HaunTeNbHBIM YNPOYHEHUEM, Takoro Kak AByXdasHble
cTanu, HeobxoAMmo onpeaenuTb K, TouHee, 4TobbI M3BexaTh 3aBbILLEHHOro NPOrHo3a CTOMKOCTH K MNacThyecko-
My paspyLueHuio. [ina Takvx maTepuanos 3HadeHus ki, moryT gocturate 0,30.

7.3.3 OnpepeneHue koaddpuLUeHTa NPOYHOCTU NpU paspyLueHun k,

7.3.3.1 O6Lne nonoxeHus

OT0T KO3DDULMEHT XapaKkTepusyeT BNUsIHUE BA3KOCTU MeTasNa Ha nnacTuyeckoe paspyLleHe Mpu Hanuyimm
TpeLUWHbI ry6uHoN ay. HeT HeobxoanMMocTy onpeaensTh 3TOT kodahULIMEHT ANs KaXaoro 3akasa, 4oCTaToYHO
onpegennTb ero Ans onpeaesieHHoro TEXHONOMMYeCKoro BapuaHTa Tpyb, M3rotosrsieMblx Mo onpeaerieHHomy nna-
HYy KOHTpons npoLecca. [insa MmaTepuana ¢ BbICOKOW BA3KOCTbIO koadpduumeHT paseH 1,0 unu meHee v BnuvsHue
TPELLMHbI Ha AaBlIeHNe NNacTU4ecKoro paspyLleHus byaeT He BGonblue, YeM rnybuHa camolt TpeluHbl. OgHako
Ana MaTepuana c NoOHWKEHHOW BA3KOCTLI0 KoaddpuLumeHT k, MoxeT 6biTb paseH 2,0 1 BAMsiHUE TpeLHbl CTaHo-
BUTCS TaknM, Kak ByATO TpeLLmMHa MMeeT rnybuHy, BABOE NpeBbILLaLLyo hakTU4eCcKyHo.

Ecnu 3HaveHue k, Ana maTepuana He onpeaensnock, ero MOXHO NpUHSTL paBHbIM 2,0. YcTaHOBMNEHO, YTO
k, paBHo 1,0 ansa Tpy6 c MapTEHCUTHOW CTPYKTYPOW, MOABEPrHYThIX 3aKanke v oTrycky, v ansi ctane tuna 13Cr.
3HaueHwue koadbdULMeHTa MoXeT BbITb YCTaHOBMEHO ANs KOHKPETHOro MaTepuana npy ucnbitaHuy. [ns pacyeta
k, MOXeT BbITb MCMONb30BaH OAMH 13 ABYX MeTOA0B, NpUBeAEeHHbIX Aanee.

7.3.3.2 AHanuTnyeckuii MeTop onpeaenerHus k,

PexomeHayetcs crneaytolas npoueaypa:

a) CosgatoT Mogesb KoHeYHbIX aneMeHToB (MK3) Tpybbl Ans Tpex pasHbiX 3Ha4eHWUN rnyOuHbl TpeLLUHbI:
0%, 5 % v 12,5 % HOMWHAMNLHON TONLLMHBLI CTEHKU. TpeLMHY MoaEnUpYIOT Kak NpoAonbHYo TpeLuMHy 6eckoHeu-
HOW ANWHBI Ha BHYTPEHHE NoBEepXHOCTU TpyObl. B Moaenu paccmaTpuBaloT HOMUHAMNBHYO TOSLWWUHY CTEHKMU TPy-
6kl (Be3 y4eTa aKCLEHTPUCUTETA) U TUNUYHYIO KPUBYHO HanpshkeHUe-AedopMaLma ANs paccmaTpusaemoii rpynnbl
NMPOYHOCTH.

b) Mogens MK3 ncnonb3ayoT Ans uMuTaumm NpUNoXeHUa BHYTPEHHEro AaBNeHUS € Lenbto pacyeTa J-uHTe-
rpana B hyHKLUN OT BHYTPeHHero Aasnexua (ctaHaapT [3], npumepsl B B.7.2, npunoxexue B).

C) SKcnepuMeHTanbHbLIM NyTemM HaXoAAT KPUTUYECKOe 3HaYeHNe CTOMKOCTU MeTanna K paspyleHuio J,. B
BO3AYLUHON cpeae ANA rpynmnbl NpodHoOCTH Tpy6. J, . NpeAcTaensaeTt coboil napaMeTp, onpeaensembii no Metoay
UCnbITaHWA, NpuBeAeHHOMY B cTaHaapTe [4].

d) Kaxxay'o KpuByto KOHEHHOro aneMeHTa J-uHTerpana sakaHumBaroT NPy KPUTUHECKOM 3HaYEHUN Jy, U3Me-
peHHOM aKcnepuMeHTanbHo. BHyTpeHHee aaBneHne, COoTBETCTBYIOLLEe 3TON KOHEHHON TOUKe, B KOTOPOW J-UH-
Terpan paBseH J,., NpeactaenaeT cobol gasneHve paspyLleHns NpyM HanUIUn TpeLLMHLI B MeTarnne ¢ BA3KOCTbLIO,
XapakTepuayemomn Jy..

e) [laBneHuve paspyLieHna Ana metanna ¢ TpewmHon, rnybuHa koTopoi cocTasnsaeT 5 %, AenaT Ha gaene-
HWe paspyLueHusa Ana metanna 6es TpewwuHbl, UCNosb3ya ANA 3Toro pedynbraTel MogenuposaHua MKO n namepe-
HUA J,.. 3aTem nony4eHHoe CooTHoLLEeHWe NpupasHUBaloT K (1 — k, aft), rae alt — oTHoLeHWe rny6uHbI TPELLWHBI
K 3aAaHHON TONLMHE CTeHKW TPy6bl, HanpuMep, B AaHHOM cnydae 5 %. M3 aTol hopMynbl HAXOAAT 3HaYeHne
koacpchbrLmMeHTa NPOYHOCTU NPU paspyLUeHNA K,,.

f) PacuyeT nosTopsaI0T € pesynsratamu, nonydeHHeiMmn no MK3 ans tpewyHel rybuHon 12,5 %.

g) Haxopat cpeaHee 3HaveHWn k, ANS 3Ha4YeHWI, NoNyYeHHbIX Mo nepevncneHuam e) u f), n ncnonbayoT
ero B hopMyne NpoeKTHOro AaBfeHUs paspyLLeHUs.

7.3.3.3 3kcnepumeHTanbHbIN MeTog onpeaeneHns k,

BmecTo nsmepeHusa J;. n pacHeta MeToaoM KOHEYHbIX 35IeMEHTOB MOXHO onpeaenuTs k,, Nposeasa ucnbiTa-
HUS Ha paspyLieHne Tpybbl 6e3 HecoBepLIEHCTBA TUNa TPELLMHBI, TPYObl C HeCOBEPLUEHCTBOM rny6uHon 5 % u
rnybuHol 12,5 %. 3aTem Heo6x0aMMO YCTAHOBWUTL COOTHOLLEHUE AABMNEHUIA paspyLUeHUs, Kak onncaHo B 7.3.3.2,
nepevncneHve e), n pacciHnuTatb k,. TpyAHOCTb NpY TakoM noaxode 3akiiovaeTcs B TOM, 4YTO pesyneTtat byaer
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HeKoPpPEKTHLIM NpU HeJocTaTOYHOW OCTPoK hopMe HecoBepleHcTBa. Haapes, BbINONHEHHbIA MeXaHUYeCcKUM Un
3MEeKTPO3PO3NOHHEIM CMOCOBOM, He NpurogeH Ans 3Toi Lenu. HecosepLeHCTBO Tna TpeLLHbl HeoB6Xoaumo
co3aaThb B NpoLecce U3roToBneHUs TpyBbl Unm NyTeM cozdaHnsa yCTarnocTHo TpelmHbl. B uenom MKO B coveTa-
HUM C U3MepeHneM Jq, sBnseTcs 6onee nerko oCyLecTBUMbIM METOAOM.

7.3.3.4 YyBCTBUTENMBHOCTL K,

KoathpuumeHT k, Mano saBucuUT OT rpynmbl MPOYHOCTM TpY6Gbl 1 B OCHOBHOM 3aBUCUT OT TEXHOSIOMMYECKOTO
npoLiecca, a Npy NOCTOAHCTBE NpoLiecca MeHsieTcst cnabo. 3To cBA3aHO C TEM, YTO k, NpeCTaBnsieT NULLb MOTEH-
LmansHoe yeuneHue cToikocTU TpyBbl K HANMUMIO TPeLLMHBI MPY HArpyXXeHU 4o paspylueHus. Mo aTol npuinHe
pekomeHayeTcs orpenensite k, TONbKO ANS KOHKPETHOW rpynbl MPOYHOCTU, 8 He AN KOHKPETHLIX pa3MepoB TPYG
VMY 3aKa3oB.

7.4 ®opMynbl MPOEKTHOro AaBreHUs NNacTUYecKoro paspylleHua Tena Tpy6bl ¢ TopLEeBbIM
YNNoTHeHUeM

MuHumarbHoe BHYyTpeHHee JaBrieHne Npu nnacTuieckom paspyleHun TpyGbl ¢ TOpLEBLIM YNITOTHEHWEM
Pr, MINa, BeiMucnsAtoT No crnegytoLliein popmyne

2kgr Sumn (Kwanf — Kaan)
PR = "D~ (ke Kaan) - (14)

rage ky, — nornpasoyHbIi KoaddurLMeHT, yuuTbiBarowmii gedsopmauumio Tpybbl 1 agedopmaumoHHoe YnpoYHeHWe

MeTanna, pasHsiit (0,5)% 14+ (1/\/5)"”*1;
ki, — koadbULIMEHT YyNpoYHEHUA A KPUBOI MCTUHHOTO HanpsbkeHUs-aecopMaLi, NonydeHHoWM Npy Ucnbl-
TaHUW Ha 0QHOOCHOE pacTsbkeHue (cM. B.2.3.3 npunoxeHuve B);
Gymn — 38A4aHHbIN MUHUMANBHBIN Npeaen NPOYHOCTU NpU pacTsbkeHun, MMa;
Kyan — K03 MLIMEHT, yHUTBLIBAIOLLMIA YCTAHOBNEHHOE NPeAernbHOe OTKIOHeHUE TONLMHBLI CTEHKM TPYObl, paB-
Hbl 0,875 ans npegensHOro oTKNoHeHWst MuHyc 12,5 %;
{ — HOMWHanbHas ToMWWHa CTeHKW TPYGbI, MM;
k, — koatbULMEHT MPOYHOCTU MNP paspyLLeH, NOYyYeHHBI Mo pesysibTataM UcnblTaHUiA U pasHbIn 1,0 —
ana Tpy6 us ctanu L80 Tun 13Cr nocne 3akanku 1 otnycka (C MapTEHCUTHOW CTPYKTypoi) u 2,0 — ans
Tpy©b nocre NpokaTkv U HopMarnvaawumi; Npy OTCYTCTBUW PE3YNBTaToB UCTIbITaHWUIA NpUHUMAaETCS paBHbIM 2,0.
3HaueHve koadpduLmeHTa AN KOHKPETHOrO MeTasna TpyGbl MOXET ObITb YCTAHOBIIEHO MPU NPOBEAEHUM
UCMbITaHNS;
ay — rnybuHa HecoBepLUEHCTBA, CONOCTaBMMas ¢ KOHKPETHbLIM YPOBHEM NMPUEMKM, T. €. HanbonbLuas rny6u-
Ha HecoBepLUeHCTBa TUNa TPeLMHbl, KOTopast MOXET ObITb NPUHATA CUCTEMOM KOHTPOSS KaK JoMyCTU-
MO€e HeCOBEepLLUEHCTBO, MM. Tak, Mpu KOHTpone Tpyo TONWMNHOW CTeHKU 12,7 MM C YPOBHEM NPUEMKU
5% ay paeHa 0,635 Mm;
D — HOMWHanbHbIV HAPYXHbIA AMaMeTp TPyObl, MM.

Mo BeIGPaHHOMY 3HaYEHWIO Ky, PACcCUUTLIBAKOT CpeaHEe 3HaYeHe BHYTPEHHero AasneHusl npu nnactuyec-
KOM paspyLUeHun TpyBbl ¢ TOPLIEBLIM YNIOTHEHUEM Pr, NMPOrHO3MPYEMOro B COOTBETCTBUM C YCIOBUSIMU TEKYYe-
cTv no Tpecky 1 no cpoH Musecy.

KoathbULUMEHT Ko YUNTBIBAET MUHVMAIIbHOE OTKITOHEHWE TOMLLMHBI CTEHKU TpyBbl 6e3 yyeTa HecoBep-
LUEHCTB. 3TO 3Ha4YEHNe MOXeET BbITb OTKOPPEKTUPOBAHO, ECIM ApYrasi MUHUMANbHas TOSLLMHA CTEHKM oBecneqn-
BaeTCsl TEXHOSOMMYECKUM NPOLIECCOM U TpeBoBaHUSAIMI NMOCTaBKM.

HecoBepLueHcTBa TvNa TPeLLMH yuuThIBaroTCs koadpdpuLimeHTom ay. lNMponaseaeHue k, Ha ay npeactasnseT
coboli gononHUTeNLHOe YMeHbLLIEHNE MUHUMASTLHON TOMNLWMHBLI CTEHKW, CBSI3aHHOE C HaIMYNeM HECOBEPLLEHCTB
TUNa TPELLWH, He BbIsIBIIEHHbBIX CUCTEMO KOHTPOMS, U pacnosoXeHne KoTopbIX CoBMagaeT ¢ MUHWManbHOM To-
LLMHOW CTEeHKM. Takoe HanoXeHne MUHUMaNLHOW TONLWMHLI CTEHKW 1 HECOBEPLUEHCTB TNAa TPELLWH 3aBUCUT OT
YacTOTbl NOABNEHNSI MUHUMANbHON CTEHKWU Y YaCTOThI NOSIBIIEHUSI HECOBEPLLEHCTB OCTPOW hopMbl U ryBUHONRA,
COMOCTaBUMOI C yPOBHEM MPUEMKM.

Mpw AeTepMUHKUCTMYECKOM Noaxoae He0BX0AMMO NPOBOAUTL pacyeT AaBSIEHUSA NNAaCTUYECKOro paspyLue-
HWS € 3anacoMm, Npu 3TOM NPUHUMALIOT YacTOTY NOABNEHWS HecoBepLueHCTB paBHol 100 % 1 rny6uHy Hecosep-
LUEHCTB CYATAlOT paBHOM YPOBHIO MPUEMKN.

Mpv BEpOATHOCTHOM MoAxXoAe B pacyeTe AaBNeHUsi paspyLleHns Mo npunoxeHuto B rnybuHy HecosepLueH-
CTBa TakKe NPUHUMAIOT PaBHOW YPOBHIO NPUEMKM, HO YHUTLIBAIOT (haKTUYECKYHo YacTOTY NOSIBIIEHUSt MUHUMAaTTb-
HOW CTEeHKW N HeCOBePLLEHCTB OCTPOi hopMbl 1 FNyBUHOI, COMOCTaBUMON C yPOBHEM NPUEMKM.
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7.5 YueT BNUSIHMA OCEBOrO PacTsXKeHUA U HapY)XHOro AaBneHUs

7.5.1 O6wue nonoxeHus

dopmyna (12) BeiBeaeHa ans Tpyd € TOPLEBLIM YIISTIOTHEHUEM, OCEBOE pacTsXKeHUe KOTOPLIX Bbi3biBaeT
TOIMbKO BHYTPEeHHee AaBrneHne, AeNCTBYOLLEee Ha BHYTPEHHIOK NOBEPXHOCTb TPY6 € ynnoTHeHWeM. 3To 0cobbliii
cny4au 6onee obuieit cMTyaumm, Npu KOTOPOIN B TpyDE MOXET BOZHUKHYTb paspyLuatoLlee MakcuMarnbHoe BHYT-
peHHee AaeneHve Npyu ogHOBPEMEHHOM ASNCTBUN CAYyYaNHOro HApY)KHOro AaBSIEHWUA U CRy4aHOro 0CeBoro pa-
CTSXKEHUA UNU CXaTUA. ST KOMOMHUPOBaHHLIE Harpy3KkK orpeaensioT, koraa Tpyba nepenaeT B COCTOSAHUE TeKy-
YeCTU 1 Kakne nnacTudeckne gechopmanmn BOHUKHYT B Heil K MOMEHTY paspyLueHns. MoxeT 6biTb HaaeH dyH-
AaMeHTanbHbIN KpUTePUin paspyLuaroLLeit Harpysku, Ho aTo yxke bonee cnoxHas 3agava, pelaemasi nNpy NOMoLLM
dopmyn cboH Museca nnn Tpecka Ans NOBEPXHOCTU TEKYHECTU B 3aBUCUMOCTUN OT OCEBbIX, PaAuanbHbIX U TaHreH-
uManbHbIX HANPsHKEHWUIA.

Kpome Toro, nnactuieckoe paspyLleHve nog AeicTBUEM AaBleHWs aBnsaeTca npeobnagaowmm MexaHn3a-
MOM paspyLueHust Tpy6bl TONbKO B TOM crlyyae, Korga oceBoe pacTskeHue HeaHauuTensHo. Mpu 3HaumTensHom
OCEBOM pPacTSKEHUW U HEe3HAYUTENbHOM BHYTPEHHEM M30bITOYHOM AaBNeHUN OCceBas Harpyaka (NpeaLecTByto-
Lwas obpa3oBaHUIO LLIEKN U OCEBOMY pa3spyLUeHuto Tpybbl) 6yaeT MakcuManbHON eLle A0 AOCTUXKEHUA MaKcu-
MarbHOro AaBfeHusl.

Hanee npveeaeHbl hopMynbl paspyLleHUs o AeicTBUEM AaBNeHUsA U 06pa3oBaHUs LLEWKU NPU KOMBUHW-
pOBaHHbIX Harpy3kax BMecTe C Kputepuem, Nno3sossioWwyMM onpeaennTs, YTo npousoiaer paHbLue. [MNpu aTom
UCNoNbL30BaHO NOHATUE «3hpeKTUBHOE OCEBOE pacTsiKeHUey, CBA3aHHOE ¢ NOHATUEM «3addeKTUBHOE oceBoe
HanpsbkeHWe», NnpuseAeHHbIM B A.1.3.2.4 (npunoxeHue A). 3Tn npubnmkeHHble dbopMynbl Ans addeKTuBHOrO
OCEBOro pacTsXeHuss umetoT Bonee BbICOKYIO TOUYHOCTb MO CPABHEHUWIO C TEOPETUYECKUM pelueHuem no [5].
B cmardapme [3], nyHkm B.6.2 npuroxeHusi B, NnpuBeaeHo COOTBETCTBUE pe3ySiTaToB pacyeTa npy KoOMGUHUpo-
BaHHOWN Harpyske aKkcnepuMeHTanbHbIM AaHHbIM.

Mpu oTpuLaTENbHBIX 3HA4EHUAX 3thDEKTUBHOTO OCEBOrO pacTskeHWs, T. €. Npu achdEeKTUBHOM OCEBOM CXKa-
TN, Tpy6a MOXeT BbITb BLIFTHYTOW, KaK U KOJIOHHA, YTO 3aBUCUT OT HaAEXHOCTM 60oKOBbIX onop. Ecnu BIrHYTOCTb
AocTaTouHo abeKTVBHO NpegoTepaLlaoT, To hopmMyna Ans paspyLueHUs nog AeicTeremM KOMGUHUPOBAHHON
Harpysku MoXeT BbITb MPUMeHUMa Takke 1 Npu achdeKTUBHOM oceBOM cxaTuin. OHaKO NPU 3HAYUTENIBHOM Oce-
BOM CXKaTuWUW BO3MOXHa NokanbHas BbIrHYTOCTE CTeHKM Tpybbl, NpUMBOAALLAS K ee pa3pylleHuto. B atom cnyvae
dpopmMyna paspyLueHusi nog AeicTBreM KOMOUHUPOBAHHOW HarpyaKku HenpumeHuma.

7.5.2 ®opmyna NpoeKTHOro AaBneHUs nracTuyeckoro paspylleHus nop AerAcTBUeM KOMGUHUpO-
BaHHOM Harpys3Kku

Mpun HaNYYUK HapYXXHOro AABMEHWS U OCEBOro PACTSHKEHUS UNU CXKATUS, OTIIMYAIOLLIErocs OT CO34aBaeMoro
BHYTPEHHVIM JjaBneHneM Ha TopLIeBoe ynnoTHeHve, obLias chopmyna Ans pacyeTa AaBNeHVs NNacTUYeckoro pas-
pyLleHWs nmeeT BuA

Pra = Py + min [1/2 (Py + P 1), Pul, (15)
roe
£ 2"
PM:PrefM=|:1_kR(FEﬁ) ] ) (16)
uts
npu aToM F, = ait (D - t) 6,; (17)
Rut(D - t) 2
Fent = Fa + Potit (0~ )~ T T 0 TranT TR 412 ~ 2Kt~ kaa)[ (18)
Futs = nt (D - t) Sumns (19)
26 mn (Kyan t = Kz an) .
Fis = "D~ (kyan £~ Faan) - (20)
1
Prt = % [Pttt + Pt ) (oM. pricyoK 1); 1)
1+ kp
2 1)k
PrefM = (ﬁ) ’ (5) Puls; (22)

18



FOCT P 54918— 2012

PofT (23)

41- 1

= 31w (24)

rae PiRa— PiR C MOMpaBKON Ha OCEBYH Harpysky v HapyxHoe gasnexve, MMa;

PiR— BHYTpEeHHee faBfieHne npu nnacTuyeckoM paspyLleHun Tpy6bl ¢ TOPLEBLIM YNI0THEHNEM, MMa;

» 0— HapyxHoe gaBneHve, MMa;

Pa— ocesoe ycunue, H;

t— HOMWHaNbHasA TONLWNHA CTEHKN TPY6bI, MM;

D — HOMMHANbHbIN HAPYXHbIA guameTp TPyobl, MM;

ca— cocTaB/gLLasa 0CEBOro HanpPsXXeHus, He Bbi3BaHHas n3rnbom, MMa;

Feff— adppekTnBHOE OCEBOE ycunme, H, T. e. 418 COBEPLUEHHbIX TPy6 — ycunue, cosgarllee oceBoe Ha-
npsXeHne, 4ONONHUTENIbHOE K HANpPsXXeHWHo, Co34aBaeMOMy BHYTPEHHUM U HAPYXHbIM AaB/IeHUAMN
BTpy6ax c TOPLEBbLIM YN/IOTHEHMEM;

/Wi — k03hdMUMEHT, yunTbIBaOLLMI YCTAHOBNEHHOE NPeaeibHOe OTK/TIOHEHME TOMLWMHBI CTEHKM TPYObI, paB-
HbIli 0,875 Ana NnpeaenbHOro OTKNOHEHNUS MUHYC 12,5 %;
Ka— KO3(h(PULMEHT NPOYHOCTY NPU paspyLLEHUN, NOSTYHEHHbI N0 pe3ynbTaTam UCNbITaHnii 1 paBHbIin 1,0 —
Ana Tpy6 u3 ctanm L80 Tnn 13Cr nocne 3akasiku 1 oTnycka (C MapTEeHCUTHON CTPYKTYpoi) 12,0 — ans
Tpy6 nocne NpokKaTkn U HopManu3auumn; Npu oTCYTCTBMU pPe3yNibTaToB UCMbITaHW NPUHMMAETCA paB-
HbIM 2,0. 3HayeHune KoahruneHTa ANA KOHKPETHOro Metanna Tpyd MOXeT 6biTb YyCTAHOB/IEHO Npy
NpoBeAeHNN UCTIbITaHNS;

aN— rnyburHa HecoBepLUeHCTBa, CONoCTaBMMas C KOHKPETHbIM YPOBHEM MpPUEMKU, T. e. HanbosbLluas rnay-
6UHa HecoBepLUEHCTBA TUMa TPELLUHbI, KOTopass MOXET 6biTb NPUHATA CUCTEMOI KOHTPOAA Kak Ao-
NnycTUMOE HECOBEPLUEHCTBO, MM. Tak npu KOHTpone Tpy6 TOMLWMHON CTeHkn 12,7 MM C ypOBHEM
npuemkn 5 % aNpasHa 0,635 mwm;

0 UM — 3a/laHHbl1 MMHUMasbHbIV Npees NPOYHOCTM NpU pacTsxeHun, MMa;

Kb — KO3(PPMLMEHT yNPOUHEHUS 418 KPUBOW MCTUHHOIO HanpshkeHns-gedopmatmun, NoayYeHHOR npu nenbl-

TaHUW Ha OAHOOCHOE pacTsxeHue (Tabnuua 2).
Ha pucyHke 1 npuBegeHo rpadmyeckoe n3obpaxeHune gpopmynbl (15) COBMECTHO C hakTUYECKOWN KpUBOI
paspyLieHus.

1—paspyuenne (daktuveckoe); 2 — paspyuenne [dopnyna (15)]; 3— nepexopfHas npsuas;
4 — obpasosakue velku [dopuyna (26)]; 5 — nokanbhas BHTHYTOCTSH
Tpwwewatnuns

100 ocu X — Feff/Fusnpn a0 0ekTuBHON 0CEBON pacTAKEHNN.
210 ocu ¥ — (P - PO/PEf npw nepenage gasnenni.

PucyHok L — UnnocTpauns BAMAHUS 300 EKTUBHOTO 0CEBOTO PACTAKEHNS W HADYKHOTO JaBAEHNS
Ha nnacTuyeckoe paspyuenne Tpylu
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[ns Tpy6 ¢ TopLeBbIM yNnoTHeHWeM adheKTUBHOE 0CEBOE yCUnme paBHoO HysTo U chopMyna (15) CBOANTCA K
chopmyne (14).
dopmyna paspyLLeHWs cripaBeanvBea, T. €. paspyLUeH/e nog AecTBMEM AaBNeHUs NponsoindeT Ao obpaso-
BaHWA LWekK, ecru
Feff \/5 Al
Fre < (T . (25)

7.5.3 ®dopmMmyna npoeKkTHoro ycunusi o6paszoBaHus LWWenku nog geMcTBUEM KOMOUHUpOBaHHOWN
Harpysku

Mpw HaNMYMKM BHYTPEHHErO U HaPYXXHOTo AaBneHnin oblas dopmyna ycunusi obpaszoBaHu1s LLENKkU umeeT
BUA,

1/2

2
FI, - Po
Forr = Fus [1- K (prem) ’ (26)
rae
Ant(D - 1t) T 2.

Fef-f= Fa + POTL'[‘ (D— t) - (kwallt _ kaaN)(D _ kwa]lt + ka aN) I[D - z(kwa]lt - kaaN)] ’ (27)
F.=nt(D-1) o, (28)
Futs = nt (D - t) Sumns (29)

p_ 26ymn (Kwail f — Kaan)
us = D = (kyanf — Kzan) ’ (30)

1+kn k

2 1\ .
'DrefM = (ﬁ) (f) Puts ) (31)
ky = 4" _ 31—k (32)
npu atom Fox — adpdpekTnBHOE 0CEeBoe ycunue, H, T. e. Ans coBeplUeHHbIX Tpyb — ycunuve, cosgaloluee oce-

BO€ HanpsXeHue, OOMONHUTENbHOE K HalpsaXeHUto, co3gaBaeMoMy BHYTPEHHUM U HApyX-
HbIM aBlNeHnAMN B pr6ax C TOopLUeBbIM YNJIOTHEHNEM;

P, — BHyTpeHHee aaBneHue, Mla;

P, — HapyxHoe gaBneHue, Mla;

F, — oceBoe ycunue, H;

t — HOMWHanbHas TOMLWMHA CTeHKU Tpy6bl, MM;

D  — HOMVHamnbHbIV HAPYXHbIV AnameTp TpyObl, MM;

G, — COCTaBnsoLLAas 0CEBOro HanpshkeHUsl, He BblaBaHHasi arnbom, MMMa;

Kyall — KO3 MDULMEHT, yUUTLIBAIOLLMIA YCTaHOBIIEHHOE NpeaeribHoe OTKIIOHEHUE TOMLLMHBLI CTEHKU TPY-
6bl, paBHbIii 0,875 anst npeaensHOro OTKIOHEeHUst MUHYC 12,5 %;
k, — k03ahULWEHT MPOYHOCTM MPU paspyLUeHWW, MoNyYeHHbIN Mo peaynbratam UCMbITaHuiA 1 paB-
HbI 1,0 — ans Tpy6 13 ctanu L80 Tvn 13Cr nocne 3akasku 1 oTrycKa (C MapTEHCUTHON CTPYK-
Typo#) 12,0 — ana Tpy6 nocrne npokaTku U HopManusauuv; npu oTCYTCTBUU pesynbTaToB
UCMbITaHUA NpUHUMaeTcs paBHbIM 2,0. 3HadveHue koadduumneHTa Ana KOHKpeTHOro Metanna
TPY6 MOXeT BbITb YCTAaHOBMEHO NPY NPOBEAEHWN UCTIbITAHUS,
ay — rnybvHa HecoBepLUEHCTBa, COMOCTaBMMast C KOHKPETHLIM YPOBHEM MPUEMKU, T.e. Hanbonb-
Lwas rnybuHa HecoBepLUeHCTBa TUNa TPELLMHBI, KOTopast MOXET BbITb MPUHSATA CUCTEMOI KOHT-
pons Kak AOMyCTUMOe HEeCOBEpLUEHCTBO, MM. Tak Mpu KoHTpone Tpy6 TOMLWMHOW CTEHKU
12,7 MM € ypOBHeM npuemkn 5 % ay pasHa 0,635 mm;
Oumn — 3a4aHHbIA MUHWManbHBIV Npeden NPOYHOCTM Npy pacTsbkeHnn, MMa;
k;, — KoadppULMEHT yNpOYHEHWS NS KPMBOI UCTUHHOTO HanpsbkeHUs-aedbopMaLu, NomyYeHHoR npu
UCMbITaHWK Ha OAHOOCHOE pacTsbkeHue (Tabnuua 2).
Mpwv HyneBom AaBneHWn achdeKTBHOE OCEBOE YCUe paBHO UCTUHHOMY OCEBOMY YCUnuio U dpopmyna (26)
Ana MakcMarbHOro OCEBOro YCUIUS CBOAUTCS K Npeaeny NpoYHOCTU.
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dopmyna ycunus obpasosaHus LWeliki cripaBednuea, T. e. o6pasoBaHuWe LLeiiky nog AeNcTBUEeM AaBNeHUs
MPONCXOANT A0 paspyLUEHWs], ecrun

R-P _ (1)1-kh

Petm — \2 (33)

2

7.5.4 I'paHULa Mexay paspylueHUueM noa AeMcTBUEM gaBreHUs U o6paszoBaHUEM LLUeAKU
CpaeHrmsasi popMysbl (15) 1 (26), MOXKHO OTMETUTL, YTO 0OpasoBaHKe LWEK MTPOUCXOANT 40 paspyLUeHWs
noa AencTeneM AaBneHus, ecriu

Fett >‘§,F?‘ P 34
Fts =2 R -~ (34)
OTOT KpUTEPUIA, NoKasaHHLIA Ha pucyHke 1 (mosuyus 3), onpedensieT rpaHnLy Mexay o6pa3oBaH/eM LWeit-
KW 1 paspylieHneM Tpy6bl nog AecTBYEeM AaBMEHUS.
7.5.5 AcuMMeTpUYHas fnokKanbHas BbIFTHYTOCTb NoA AeCTBUEM KOMGUHUPOBaHHbIX Harpy3ok
Kak nokasaHo Ha pucyHKe 1, B UHTEpBae OCEBOro CaTus, T. €. NpU oTpULaTeNbHbIX 3HaUeHUSAX 3pdeKTUB-
Horo oceBoro ycunus, coopmyna (15) AaeT 3aBbllleHHoe 3HaYeHWe No cpaBHeHWo ¢ hakTUIeckM AaBneHUeM
nnacTUYecKoro paspyLueHus 1 npegernbHbIM AaBneHWEeM, NPU KOTOPOM NPOUCXOAUT NoKarbHast BbIrHYTOCTb CTEH-
K TpyGbl. C Lenbto conmkeHnst KpUBLIX, MOCTPOEHHBIX Mo dhakTUYeckoMy AaBneHNIo paspyLleHns 1 no opmy-
ne (15), moxeT 6bITb paspaboTaHa dopmyna Tuna (16) ¢ HbIM KoaddrLneHToM ky [¢hopmyna (24)], ogHako
BbIBOZ Takol 0TAeNbHON (hopMysibl He UMeeT BONbLLOTO MPAaKTUHECKOTo 3HAUEHNS.

7.6 MNpumepbl pacyeta
7.6.1 NMnacTuyeckoe paspyLieHue TpyObl ¢ TopUeBbIM YNIOTHEHUEM

Ons Tpy6bl, HaxogsLeics noa AecTBUeM BHYTPeHHero aasneHus, acheKkTBHOe 0ceBoe yeunune paBHo
Hyrto 1 cbopmynbl (13) 1 (14) aenatoTes ToxaecTBeHHLIMU. Kpome Toro, npu npoBeaeHUn UCTLITaHUs Ha paspyLue-
HWe Tpy6 ¢ TopLIEBLIM YNIOTHEHWEM NpY AOMONHUTENBHOW OCEBOI Harpyake, AeACTBYIOLWEN Ha KoHLbI TPy, ad-
theKTBHOE OCEeBOE YCUne ABsSieTCs 3agaHHbIM U hopmyna (15) MoxeT BbITb MCNOMb3oBaHa HENOCPEACTBEHHO
Ans pacyeTa gaefieHnsl NNacTUYecKoro paspyLleHus npm niobom sHaveHnn appekTUBHOrO OCEBOrO YCUIUA.

Heobxoaumo paccuutaTth AaBfeHWe NNacTieckoro paspyLueHnst Tpybbl HapyXHeIM AuameTpoMm 177,8 mm,
TONLLMHOM cTeHkn 11,51 MM, rpynnbl npodHocT P110. Tpy6a umeeT TopLEeBoe ynioTHEHUe, AONONHUTENbHas
oceBasi Harpyska oTcyTcTBYyeT. Micnoneayem koadduumeHT aecopMaLMOHHOTo yNpoYHeHa no Tabnuue 2 v npu-
MeM ypOBEHb MPUEMKU paBHbIM 5 %.

B tabnuue 3 nprvBedeHbl pesynbTaTel pacyeTa.

Tabnwuuya3— lNpumep pacyeta AaBrneHns NNacTMHeckoro paspylueHns Tpybel ¢ Topue-
BbIM YMMOTHEHNEM

MapameTp | 3HaveHune
Harpyska
Fett | —
leomeTpuueckne napameTpbl
D 177,8 mm
t 11,51 mm
Kwall 0,875
CeolicTBa meTanna
E 206,9 Ma
Gumn 862 MMa
PacveTHble 3Ha4eHus
kn 0,08
aN 0,575 mm
ka 1
Pir 99,7 MNa
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7.6.2 NMnacTnyeckoe paspylueHUe Npu AeNCTBUU OCEBOW Harpysku

Ecnu nssectHa oceBasi Harpyska, AeicTeytollasi Ha Tpyby, pasHoCTb AaBreHwid Py, Henb3si paccuu-
TaTb HenocpeAcTBEHHO Mo chopmyne (15), nockonbKy adhdekTUBHOE oceBoe yeunue sensetcs pyHkumern Py,. Pe-
LIeHWe MOXHO HalnTU MeTOAOM UTepaLmm Unu nepenucas opmyny (15) B BuAe KBaapaTHOro ypaBHEHWS C HEN3-
BECTHbIM Py

Heobxoanmo paccuutaThs AaBreHue NnacTmieckoro paspyLleHust Tpybbl HapyxHbIM gnameTpom 177,80 mm,
TOMLWMHON cTeHku 11,51 mMm, rpynnbl npodHocT P110. OceBas cxvmMaroLlas Harpyaka coctaensieT 889600 H.
Mcnonbayem koaddpumeHT aedopmaLMoHHOro ynpodHeHWs o Tabnuue 2 v puMeM ypoBeHb NMpUeMK, pasHbIM 5 %.

B Tabnuue 4 npmeeaeHbl peaynbTaThl pacyeTa.

Tabnwuua 4 — MNpumep pacyeta AaBNeHUs NIACTUYECKOTo paspylieHnsa Tpy6bl nog
OeWCTBMEM OCEBOM Harpysku

MapameTp 3HaveHune
Harpyaka
Fa — 889600 H
P, -
[eomeTpuyeckne napameTpsbl
D 177,8 mm
t 11,51 Mm
Kwall 0,875
CeoiictBa meTanna
E 206,9 Ma
Ourmn 862 MNa
PacyeTHble 3Ha4eHus
kn 0,08
an 0,5758 mm
Fuis 5180423 H
Puts 97,22 MMa
P T 91,98 MMa
Pretm 107,43 MMa
kr 0,93901
Py 92,47 MMa
PRra 92,22 Mra

8 CTOMKOCTb K CMATUIO

8.1 Bbi6bop meTOAa

Cmolikocme K CMsIMUIo onpedoerisiiom HerocpedcmeeHHO 110 pe3yiibmamam ucribimaHul Ha cmsmue (60-
nee rnodpobHo — cM. nipurnoxexue E) unu no cmamucmuyeckum 0aHHbIM 0 Kadecmee mpy6 (1o pederny meky-
yecmu, Hapy>XHoMy duamempy U MornuwuHe CmMeHKU) U 1o pe3yiibmamam 8eposimMHOCMHO20 aHau3a ¢ UCroslb-
308aHuUeM chopMyr pozHo3uUpyemol rpederibHOl rpoyHocmu Ha cMmamue (boree nodpobHO — cM. rpurnoxeHue F).

Memo0d pacyema 1o pe3ynbmamam ucribimaHusi Ha cMsimue mpebyem 0aHHbIX 10 kaxdol mpybe (Hapyx-
Hbill Quamemp, macca u epynna rnpoYyHocmu), npedcmasumeribHol 0ns1 MEXHOI02UYeCKo20 npoyecca. Ecnu
makue GaHHbIe omcymemayrom, HeobXo0UMO UCTIONB308aImb cmamucmuyeckuti Memoo.

Pacuem rniokazameneii cmoliKocmu K CMsIMUIO C y4emomM 803MOXKHbIX pUCKO8 npueedeH e cmarHAapme [3],
nyHkm F.5 npunoxenrus F.
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8.2 PacueTHble ¢hopMynbl CTONKOCTU K CMSATUIO
8.2.1 ®opmyna npeaenbHbIX 3HaYEHUN
[na pacyeTa npepensHoro AasneHna cMatusa Py, MINa, ncnonbaytoT ynpoLeHHbIn BapuaHT hopMyIbl

5 12
(Peult_ Pyult) - [(Peult_ Pyult) + 4Pt Ryu — ki ult]

It = ] (35)

’ 2(1 — ki ult)

roe
ke ult 2E
Pown = D D 27

o ic2e) (izm - )

_ 2 fcave 1 Lcave
R yult — kyult Oy Dave + 2D, I (37)

R.

kl ult = 0,1 270v + 0,003960 — 0,440§+hn, C orpaHnyeHvem kt ultz 0, (38)

npuatom P, — npeaensHoe gasneHue ynpyroro cmMatus, Mra;
P, uit — NpenenbHoe AaBrieHNe NiacTuieckoro cMaTus, Mria;
ki uit  — MOHWXKAIOLLMIA KO3 ULIMEHT;

K uis — MNOMpaBOYHbIA Kos¢>¢wv|u|/|eHT AN NpeaenbHbIX 3HAYEeHUIA YNpyroro cMATUS!, paeHblii 1,089;

— mMoaynb KOHra, paeHbIn 206,9 [MTa;
\ — koadpuumeHT MNyaccoHa, pagHbiii 0,28;
D,ye — cpeaHuWii HapyXXHbIW anameTp Tpy6bl, MM;
t, ave — CPEnHsisi TONLMHA CTEHKU TPYGbl, MM;
Ky u1s — MONpaBoyHbIiA KO3HULIMEHT AN NPeAEbHBIX 3HAYEHWI MNACTUYECKOTo CMATUS, paBHbIA 0,9911;
G,  — Mpeen Teky4ecTn NpeacTaBuTenbHOMo obpasua npu pactsxeHuu, MMa;

Dinax — Dini
OV  — OBanbHOCTb, paBHas 100 — o—— ™ o
Dave

D..x — MakcumanbHbIi HapyxHblii anameTp Tpybbl, MM;
Dpin  — MWHWMAnbHbIA HAPYXXHbIA AnameTp TPyGbl, MM;

tcmax - tcmin
€c  — 3KCLeHTpUcKUTeT, paBHbIn 100 — 5 ——, %;

cave

t, max — MaKcuMarnbHasi ToNLWMHa CTeHKU Tpy6Gbl, MM;
— MUWUHVUMAasbHas TOMLLMHA CTeHKU, MM:;

R, — ocraToyHoe HanpshkeHue npu oTpuLaTensLHOM CKaTUM Ha BHYTPEHHel MOBEPXHOCTH, U NOfo-
XKUTESIbHOM PacTSXKEeHWUN Ha BHYTPEHHeh noBepxHocTu, MMa;
h, — ko3dpuLMeHT, yunTbIBaOLLMIA POPMY KPUBOI HanpshkeHe-gedopmMaLiys.

MpumeuyaHuwne— [na ganHon opMyribl UCMONB3YIOT (HaKTUHECKNE 3HAYEHUA L. min, & maxs Dmins Dmaxs Oys fc aves
Dave .

3HaveHNs KoaPPULMEHTOB hy, Ko 15 M Ky s BB NOMYHEHBI SMIMPUYECKA MO pesyJisTatam UCTbITaHui Ha
cMaTUe, cM. cTaHaapT [3], npunoxeHune F.

Pesynbratel UcnbiTaHuii Ha cMsATye Mo [6] No3BONSOT NPeanonoXnTb, YTo hopmyna (35) HenpumeHuma Ans
TPy6 C 04eHb TOHKOW CTeHKOW [logqq (P, /P,) > 0,4] 1 3HAUNTENbHBIMU CKAMAIOLIMI OCTATOYHBIMU HaNpPsXKEeHS-
Mn (R / 6, <—0,5).

8.2.2 ®opmMynbl NPOEKTHOIM CTOMKOCTU K CMATUIO (hyHKUMA pacnpedeneHusl BepOATHOCTU MHOXECTBa)

8.2.2.1 MNpoekTHOE AaBneHne CMATUSA o AeNCTBMEM HapyXXHOTO AaBneHus

®opmynel (35) — (38) npeaHasHaveHbl 4N pacyeTa npederbHON CTONKOCTU K CMSATUIO, T. €. OHW NPOorHosunpy-
HOT MOMEHT chaKTUYecKoro paspyLleHust o6cagHbiX Tpy6. [ns pacHeToB UCMONb3YIOT 3aHMKEeHHbIe 3HaveHVs das-
J1eHull yripy2020 U MiiacmuyecKo20 CMSMUSi, COOTBETCTBYIOLLME MUHUMATbHOMY YPOBHIO 6€30MacHOCTH, oTpaxa-
toLLleMy TpebyeMmblil ypoBeHb HagexHocT TRL. B 9ToM cryyae MUHUManbHbIR ypoBeHb 6e3onacHocTy 6 nomy-
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YeH NyTeM yMHOXeHWs daerieHull yrpy202o0 U 1acmu4ecko2o CMAMUs Ha NOHWKaIoLLMe KO3 MULMEHTbI K, ges U
K¢ ges COOTBETCTBEHHO, KaK NokasaHo aanee.

2 1/2
(kedesPe + ky desPy) - [(kedesPe + ky desPy) + 4kedesPeky desPykt des]

Pies = ’ (39)
2(1 — ki des)
roe
2E .
P = DID 2
a-v)2(2 1) (40)
P, =2c i[1+—t—] (41)
y ymn p 2D)
npu atom Py, — NpoeKkTHoe AasneHune cMATus, MrMa;
Ke ges — MOHWKAIOLLMIA KO3 ULIMEHT OIS TPOEKTHOrO YNPYroro CMSITUST;
P, — pasneHue ynpyroro cmsitus, Mla;

Ky ges— MOHWXKAIOLLMIA kOIPDULIMEHT AN NPOEKTHOTO NNACTUYECKOTO CMATUS,
Py — JaBneHue nnactudeckoro cmatusa, MMa;
Ki gos — NOHWXaOLWLMIA KO3 ULIMEHT, paBHbIi 0,22 — Ana Tpy6, NnoaseprHyTbIX XONOAHON POTALMOHHOM
npaske, 1 0,20 — ans Tpy6, NoABeprHyTbIX ropsiveii poTaLMoHHO NpaBke;
E  — mopynb lOHra, paBHbIvi 206,9 Ma;
\% — koachbduumeHT MNyaccoHa, pasHbIvi 0,28;
D — HOMUHanbHbIA HAPYXXHbIA AnaMeTp, MM;
t — HOMUHarbHasi TOMLWMHA CTEHKW, MM;
Oymn — 38AaHHbIA MUHUMaNbHbIA NPeAen Teky4ecTy nNpu pacTtsbkeHuu, MlMa.
Cnepyet yuuTbiBaTh, 4T0 Py 1 P, paccuuTLIBaIOT MO HOMUHALHLIM pa3MepaM 1 3a1aHHOMY MUHUMAaNbHO-
My Npeeny Teky4ecTu, a He Mo pakTU4eCKUM 3HaUeHUsIM, Kak ANs npeaensHOM CTONKOCTU K CMSITUIO.
8.2.2.2 MNpoekTHOe AaBneHne CMATUA noa AencTBreM KOMBUHUPOBAHHOW Harpy3aku
OceBoe pacTseHUe NOHNXKaeT CTOUKOCTb K CMSATUIO, @ BHYTPEHHee AaBrieHue MoBbLILLIAaeT ee.
B HacTosiLeM noanyHKTe NpuseaeH MeToA pacyeTa CTOMKOCTU K CMSATUIO nof AeicTBUeM ofHOM unmn obenx
Harpysok, oCHoBaHHkIM Ha chopmyne Knesepa—TamaHo no [7].
OceBoe pacTshkeHue He BNMAET Ha AaBleHNe YNpyroro CMATUS, T. €. AP, 4., HaxoadaT, UCMornb3ays hopMy-
ny (40)

K 2E
AP _ e des )
edes (- vz)%(% _ 1)2 (42)

rae AP, yes — PasHocTb gaenenuin P, n P, MMa;

P, — HapyxHoe aasneHue, MMa;

P, — BHYTpeHHee AaeneHue, MMa;

Ko ges — MOHMXKAOLLMIA KOIPDULIMEHT ANS NPOEKTHOIO YNPYroro CMSITUSE;

E — mogaynb KOHra, pasHbein 206,9 Ma;

v — koacbduLmeHT MNyaccoHa, paBHbIii 0,28;

D — HOMWHArbHBIVA HAPYXHbLIA AMaMeTp, MM;

t — HOMUWHanbHasi TOfILLMHA CTEHKU, MM.

MpoekTHoe AaBneHne Teky4ecTn Tpecka AP, 1 4o PACCUUTLIBAIOT MO CREAYtOLLEl chopMyne

k d 20 t
APiries =gt (43)

rAe Ky gos— MOHMKAIOLLMIA KO3PPULIMEHT ANS NPOEKTHOTO MIIAaCTUHECKOrO CMATUSI;
Oymn — 3@A@HHbIA MUHUMASbHBIV NPEeN TeKy4ecTU Npu pacTsHKEHUM;
t — HOMWHArNbHas TONLLUHA CTEHKM;
D — HoMUHanbHbIA HAapYXKHbIV AnameTp.
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MpoekTHoe AaBneHne TekydecTn choH Museca APy yme dess MIMa, paccunTbIBaKOT MO cnepytoulein chopmyne

172

2
E
APyvmedss = (4/31/2)kyd65 Oymn (ﬁ) 1- (ij:s) =F,- R, (44)
roe
Fef‘f = Fax - PiAi + 'Dvov (45)
Fy des = Ky gesSymnAs: (46)

MpW 3TOM K, gos — MOHMKAIOLLMWIA KO3DULIMEHT AN MPOEKTHOO NNACTAYECKOro CMATUS;

Oymn — 384aHHbIM MUHUMaNbHBIA peaen Teky4ecTy Npu pacTshkeHun, MMa;
— HOMWHaNbHasA TOSLLMHA CTEHKU, MM:;
D — HOMWHarbHbIA HAPYXXHbIA AMaMeTp, MM;
Feit  — atbdekTBHOE OCEBOE yeunue, H, T. e. Ansi coBepLUeHHbIX TPy6 — ycunue, cosaaioLee oce-

BO€ HanpsbKeHve, AONONHUTENbHOE K HANMPSIXKEHWIO, CO34aBaeMOMy BHYTPEHHUM U HapyX-
HbIM JaBMNEHWSIMM B TPYHax € TOPLEBbLIM YNOTHEHWEM,

Fax ~— cocTaenstollas apeKTUBHOro 0CEBOro yCUNis, He BbiaBaHHas U3rnbom, H;
P — BHyTpeHHee gasneHue, MMa;

(D=2t 2.
A — NNoWaAe NOMepeuHoro Ce4eHIs Mo BHYTPEHHEMY AUaMETPY, paBHas -, —, MM
P, — HapyxHoe aasnexue, MMa;

2
A, — nnouaab nonepeyHoro CeYeHN st Mo Hapy)XHOMy AMaMeTpy, paBHas “DT MM,
A

— nnoLaAk nonepeyvHoro ceveHus obpasLia A1 UCTbITaHUA Ha pacTsbkeHue, pasHas (A,— A), MMZ.

Feft siBNsieTCs dyHKumelrt ot P, [hopMyna (45)], Takum o6pa3oM, pelueHue no cdopmyne (44) Haxoasat
METOoOO0M UTepaLmy Uk NP NOMOLLIN beHKLl.I/IVI U3BneYeHnA KOpHA B MaTeMaTyeCcKoii aneKTPOHHON Tabnuue (cm.
npumep B 8.3.2).

HelicTBytolLiee faBneHne CMATUA Ha Npeaene TeKy4ecT NPUHAMAETCS! Kak AaBNeHre TekyuecTy oH Mu-
3eca Unu kak cpeAHeapudMeTYecKoe 3Ha4eHUe aaBneHUi TekydecTu coH Museca n Tpecka, B 3aBUCMMOCTM OT
nonoxeHus Ha annunce ¢poH Museca, T. e.

APdees + AP,

yvmedes

AP, ydes — 2 npu APyvme des ~ AF’dees; (47)

APy des = APy vme des 11PU APy vme des < APy T des- (48)

3atem o chopmyne (39) paccunTbIBaOT APyo C UCTIONbL30BAHNEM AP, 1 AP, BmecTo P, 1 P,

2 172
(Apedes"’ AF’ydes) - [(AP des+ AP, des) + 4AF; ges APyv:iesktdes‘l

APyos = T —. (49)

OkoHuaTenbHoe NPOeKTHOE HapyXHOe AaBNeHe P, 4os ONpeaensioT no popmyne

Po des = APdes + Pl (50)

8.2.3 ®opmynbI NPOEKTHOW CTOMKOCTU K cMATHIO (hyHKUMSA pacnpeneneHus BeposITHOCTU onpe-
AeneHHOro 3HaveHus)

MpoeKTHylo CTOIKOCTL K CMATUIO NSt TPYS, paGoTaloLLMX TOMBKO MO HAPYXKHbIM JaBNeHUeM, onpeaensioT

ro cbopmyne (51). Ana Tpy6, paboTarowmx NoA HapyKHbLIM JaBNEHUEM U OCEBOI Harpyskow u/unu BHyTPEHHUM
haBneHuem, cm. 8.2.2.2.
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2 1/2
(Pedes+ Pydes) - ’r(Pedes - Pydes) + 4PedesPydesktdes-‘

Pies = ) (51)
2(1 - kt des)
roe
p B 0,825 - 2E
edes — 27
[(1 - v%%(? - 1) ] (52)
P, aes = Ky ges - 20,mn 5|1+ 55 53
ydes y des csymn D 2D | ( )
npu atoM Py, — NpoekTHoe aasrieHue cMatus, MMa;

P, 4es — NPOEKTHOE AaBneHue yrnpyroro cMsatusi, Mla;

P, 4es — NMPOEKTHOE A@BNEHWE NnacTuyeckoro cMatus, MrMa;

Ki gos — MOHWXKAOLMIA KO3 dDULMEHT, paBHblid 0,22 — ans Tpyo, NOABEPrHYTbIX XONOA4HON poTaLMOH-
Hol Npaeke, 1 0,20 — ana Tpy6, NoaBepPrHyThIX ropsvein poTaunMoHHON NpaBke;

E — moaynb HOHra, pasHbIi 206,9 MMa;

v — koadbdpuumeHT MNyaccoHa, pasHbliii 0,28;
D — HOMUWHAnNBHbLIA HAPYXKHLIA AMaMeTp, MM;
t — HOMWHanbHas TOMNLLMHA CTEHKW, MM;

Ky ges — MOHKAOLLNIA KOIDPULIMEHT ANS NPOEKTHOTO NAACTUYECKOTO CMATUA (Tabnuua 5);
Oymn — 38[aHHbli MMHAManNEHEIA Npeden TeKy4ecTu Npu pacTsxeHuu, MMa.

Ta6nuuab— MNoHmkaowme KOIPDULNEHTI Ko ges, Ky ges W Kt des

Fpynna XonopHas poTauMoHHan npaska lopsAvan poTaumMoHHas npaska
npo4HocTH® Ko des” kydesb Kides” Ko des” kydesb K es”
H40 0,830 0,910 0,22 - —c —c
J55, K55 0,830 0,890 0,22 —c - -
M65 0,830 0,880 0,22 —c - -
K72 0,830 0,880 0,22 —c -¢ -¢
L80 0,825 0,855 0,22 0,825 0,865 0,20
L80 Tun 9Cr 0,825 0,830 0,22 0,825 0,840 0,20
L80 Tun 13Cr 0,825 0,830 0,22 0,825 0,840 0,20
N80 Tvn 1 0,825 0,870 0,22 —c —-° -
N80 Tun Q 0,825 0,870 0,22 0,825 0,870 0,20
R95 0,825 0,840 0,22 0,825 0,855 0,20
C90 —d —d —d 0,825 0,850 0,20
T95 —d —d —d 0,825 0,855 0,20
P110 0,825 0,855 0,22 0,825 0,855 0,20
Q125 —d —d —d 0,825 0,850 0,20
Q135 —d —d —d 0,825 0,850 0,20

2 MpumeHsieTcsl TONBbKO AArsl YKA3aHHOW IPyNMbl NPOYHOCTU; HE AOMNycKaeTcsl UHTepnonauus no akTtniecknm
3HaueHUsIM NpeaenoB TekydecTu. [Npu HeoOGxoguMOCTU onpeaeneHna 3HadeHui ko3addULMEHTOB ANs APYIMX rpynn
NPOYHOCTM — cM. cTaHgapT [3], npunoxexue F.

b K, dess Ky des W Ki des — 6€3pa3MepHbie BENUUNHbI.

¢ [Insi AaHHOW IPynnbl NPOYHOCTU FOPSUYIC POTALMOHHYIO NPaBKy OObLIMHO HE NMPUMEHSIOT.

d [To FOCT P 53366 He ponyckaeTcsl XOrNofHas poTaLuMoHHas Npaska.

MpumeuaHns

1 NoHuxalowme koacpdmumneHTsl B Tabnmue 5 6binm paccuntansl no [8] Anst 3a4aHHOrO YPOBHSI HAZAEXKHOCTU
0,5 % ans 6ecwoBHbIX TPYD Nocne xornogHou uU ropsiveil poTauMoHHOW NpaBku.

2 [1ns nony4YeHUsi MakCUMaribHO BO3MOXHOW MNOCKOW KPUBOWM B MPOCTPAHCTBE AaHHbLIX ANA 3a[4aHHOro ypoB-
H HAAIEKHOCTN TPEOyeMble 3HAYEHUS! Kg gos W Ky ges BBINM paccHMTaHbl METOAOM MTEpaLNN.

3 3Hauenue ki gos PACCUMTAHO NO DYHKUMAM pacrnpeserneHnsa BEPOATHOCTU AN ONpeaensiowmx cry4aes.
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8.2.4 [lonyweHusa U orpaHuveHus

®opmyna (51) ebisedeHa u3 hopmynbl npederibHbIX 3Ha4eHUl Ha OCHO8E cmamucmuy4eckux OaHHbIX O
pasmepax mpy6 u HanpsKeHUsAX (M. e. Ha cmamucmu4ecKkoM pa3bpoce pesy/ibmamos U3MepeHUs HapyXXHo20
Auamempa U MoUHbI CMEHKU mpy6, HanpsaXXeHUs1 N1acmu4ecKko2o meyeHus um. 0.) U Ha 3a0aHHOM ypoeaHe
HadexHocmu, pasHom 0,005. 3mo 3Ha4YeHue 8 cyujecmeeHHOU Mepe coomeemcmeyem 3adaHHOMY ripedesty
HadexHocmu, ycmaHoeIeHHOMY 0715 i1acmu4yecKko2o cMsimusi 6 cmaHdapme [9].

®opmyna rpedesibHbIX 3Ha4yeHull NIpo2Ho3upyem daereHue paspyueHus1 mpybel, m. . oHa He 8Kit4aem
Ko3ghghuyueHm 3anaca fpoyHocmu.

CnpoaHo3uposaHHbIll yposeHb HadexHocmu 01151 106020 omderibHO20 ripoussodcmea u euda mpy6 mo-
xem omiudamscst om 0,005. B npunoxerusx E u F onucaro ornipedeneHue ripedernbHbIX 3Ha4eHull cmolkocmu
K cMSIMUI0 07151 KOHKPEemHbIX CITydaes o pesynbmamam UcrbsimaHull Ha cMamue U cmamucmuyeckum 0aHHbIM
0 pasmepax mpyb u HarpsKeHUsIX COOM8eMCMEEHHO.

[nst pacdema crmolikocmu K CMAMUIO NPUMEHSTIOMCS] Kpueble HarnpsixeHue-0eghopMayus ¢ riasHbIM usau-
60om 9115 mpyb6, nodeepaaembix XOfI00HOU pomauyUoHHOU ripaske, U Kpueble HanpsxeHue-0eghopmayusi c pesKum
usnomom 0nss mpy6, nodsepaaembix 20padell pomayuoHHoU ripaeke. Takum obpa3oM, pacyemHble 3Ha4yeHus
cmotikocmu K cmsamuio mpy6 nocrie xo100HoU pomayuoHHOU NPasKu s16/15I0MCs HECKOJTbKO 3aHUXEHHbIMU Ons
mpy®6 ¢ rinasHbiM u32uboM Kpusol HanpsxxeHue-0egpopmayusi.

B cbopmyny (51) He ekioveHo HerlocpedcmeerHHoe oripederieHue 0aeleHUs1 603HUKHOBEHUS meKyyecmu
Memarina u coomeemcmeeHHO OHa He pacripocmpaHsiemcsi Ha akcriyamauuto mpyb e kucnbix cpedax. pu
Heobxodumocmu GasreHue 803HUKHOBEHUS MeKyYecmu Memaiia Moxem buims orpederieHo o chopmyrne (2).

8.3 MNpumepsbl pacyeTa

8.3.1 PacueT NpoeKTHOR CTOMKOCTU K CMATUIO 6e3 Hazpy3ku

PaccunTbiBatOT NPOEKTHYH CTOMKOCTL K CMSITULO TPYO HapyXHbIM AnaMeTpom 244,48 MM, TOMNLLUMHON CTEHKU
13,84 MM, rpynnel npoyHocTh L8O Tun 1, NoaBeprHyThIX XONOAHOW pOTaUMOHHON NpaBke, NP K, ges, PABHOM
0,855, 1 K 4os, PaBHom 0,22 (Tabnuua 5):

P, s = 0,825 - 2 - 206,9 - 10%/{(1 — 0,282) (244,48/13,84) [(244,48/13,84) — 11%} = 75,54 MINa;
P, ges = 0,855 - 2 - 552(13,84/244,48) {[1 +[13,84/(2 - 244,48)]} = 54,91 MMa;
Pues = {(75,54 + 54,91) — [(75,54 — 54,91)% + (4 - 75,54 - 54,91 - 0,22)]"2}/[2(1 - 0,22)] = 42,70 MMa.

8.3.2 PacyeT NpoeKTHOM CTOMKOCTU K CMATUIO MpK coMeTaHUU Harpysok

Wcnonb3ays ocHOBHbIE AaHHbIe 13 NpyMepa B 8.3.1 8 coomeemcmeuu ¢ 8.2.2 paccuuTbLIBaOT NPOEKTHYHO
CTOMKOCTb K CMATUIO ANs BHYTpeHHero aasneHus 34,48 MMa B coyeTaHn ¢ pacTArMBaroLLein 0CeBO Harpy3komn
137,90 MMa.

APy 7 4es =2 - 0,855 - 552 - 0,06002 = 56,60 Ma;
A, =T - 244,48%/4 = 46919,82 Mm?;
A=m- 216,8%/4 = 36896,76 MMm?;
A, = 46919,82 — 36896,76 = 10023,06 MM%;
F, des = 0,855 - 552 - 10023,06 = 4730 kH;
F..=137,9-10023,06 = 1383 kH.
P, mMoxHo paccuunTaTb, Kak KOpeHb, Ucnonbays dopmyny (44)
f(Po) = APyvmedes (Po)_ Po + PI
Mnu MoXHO NpoBecTU UTepauuio, NPUHSIB
Py ~ AP, 1 45+ P, = 56,50 + 34,48 = 90,98 MMa.
Toraa no cpopmyne (45)
F.=1383- 103 - (34,48 - 36896,76) + (90,98 - 46919,82) = 4380 KkH.
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Mo cbopmyne (44)
APy e ges = (4/3"2) - 0,855 - 552 - [13,84/(244,48 — 13,84)] - [1 — (4379,6 - 1034730 - 10%)]"2 = 24,70 MMa.
UcxoaHoe sHaveHWe ans cnegdytoLuen utepatiu
Ponew = 0,5 (90,98 + 24,7 + 34,48) = 75,08 MlMa.

OcraribHble UTepauum npreeaeHbl B Tabnule 6. MoryT 6biTh MCToMNb30BaHbI ApYTiie MeToab! UTepaLmm (Ha-
npumep, HetoToHa-PadbcoHa).

Ta6bnuua 6 — Urepauum ans P,

P,,MMa Fo kKH AP e dess MMa Py new MMNa
91,09 4388 24,47 75,02
75,02 3632 41,88 75,69
75,69 3664 41,36 75,76
75,76 3666 41,30 75,77
75,77 3667 41,29 75,77

APy yme des < APy T ges, OTCIOAA APy gos = APy yme des = 41,29 MMa, 1
APdES = {(75!54 + 41 :29) - [(75;54 - 41 ,29)2 + (4 . 75,54 . 41 ’29 . 0,22)]1/2}/ [2(1 _ 0,22)] = 34,77 Ml_la,
Py des= 34,77 + 34,48 = 69,24 MMa.

9 MNMpoy4HoCTbL cCoegnHEeHUN

9.1 O6LwWue nonoxeHus

lMpovHoCcTL pe3bBoBLIX CoeaNHEHI ABNSIETCS NOKa3aTeNeM LieNOCTHOCTY, a He NokasaTenem repMeTUyHoC-
Ti coeanHeHws. [ns o6caaHbIx TPy NpeaenbHas Harpyaka MOXKeT pacCHUTLIBATLCS M0 TEKyYeCT UNW No paspy-
LEeHuto/cpbIBY pesbbbl coeanHeHust. [1ns HacoCHO-KOMNPecCopHbIX TPY6, Koraa KonoHHa TpyG MOXET MHorokpar-

HO NOAHNMAaTLCA U ONYCKATLCS B CKBaXKUHY, NpeaenbHas Harpyska 06bI4HO onpeaenaeTca No Teky4ectu coegun-
HEeHus.

9.2 MpouHocTb NpK pacTsxeHUN pe3b6oBbLIX coeauHeHUn o6caaHbIX Tpy6
9.2.1 O6Wwue nonoxeHua

MpvBeaeHHble fanee pacyeTbl COeAUHEHWUIA Ha NPOYHOCTL NPU PacTHKEHUNU NPUMEHUMbI ANns 06caaHbix
Tpy6 no FOCT P 53366 v pe3bboBbix coeauHeHuit no FOCT P 51906 u FOCT P 53365.

9.2.2 MNpoyHocTbL coeaguHeHUt o6cagHbIx TpyS ¢ TpeyronbHow pe3bbon SC u LC

9.2.2.1 O6uwme nonoxxeHus

Mpo4HoCcTb coeamHeHuIi obcaaHbIx TPYD ¢ TpeyronbHoW pe3b6oit onpeaensloT N0 MUHUMAaIbHOW CTONKOCTU
K paspyLUeHuio Tpybhbl B MIIOCKOCTU NocriegHero BUTKa peabbl ¢ NoHbIM Npodunem (CTOMKOCTU K CPbIBY pe3bbbl
TPy6bl) 1 CTOMKOCTU K paspyLueHuto Tena MydTol. Mpu onpeaeneHHbIX pasMepax MydTol NPOYHOCTE My Thl MOXET
6bITb MeHbLUe NPoYHOCTU Tena Tpyobl. NpoYHOCTL My ThI pacCUUTLIBAIOT MO BNagnHe BUTKA pe3bbbl MydhThl B
MMocKocTy Topua Tpy6bl Py MEXaHWYECKOM CBUHUYMBAHUM.

9.2.2.2 lonyuieHusi M orpaHnuyeHust

B dopmyne ans pacyeTta NpoyHOCTU coeauHeHUIn 06caaHbIX TPy € TpeyronbHoN pe3bboi He yunThIBaeTCs
BO3MOXHOE BO3eCTBME BHYTPEHHETO UIM HAPYXKHOTO AaBneHust. He yuutbiBaeTes Takke BAUAHWE Ha NPOYHOCTL
coeaunHeHUst KpUBU3HbLI 06caaHbIX TPY6.

9.2.2.3 TpeboBaHUs K UCXOAHBIM fAHHBLIM

[nsa pacyeTa NpPoYHOCTU coeguHeHnii o6cagHbiX TPY6 ¢ TpeyrosibHol pe3bboi HeobxoaumMbl cneayrowne
MNCXOAHbIE AaHHBIE:

D — HOMVWHanbHbIA HAPYKHbIN AnameTp Tpy6bl, MM;

Oumnp— 3aaHHbIN MUHUManbHbLIV Npeden NPOYHOCTM NPU pacTshKeHWU Ans Tena Tpy6sl, MMa;
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Oymnp — 38[@HHBLIA MUHUMATBHBIA NPEAEen TEKy4ecTU NpU pacTsbkeHuu Ans Tena Tpy6el, MMa;
L o — AnvHa conpsbKeHWs! pU MexaHUu4YeCKOM C8UHYUBaHUU COeOUHEHUS C HOMUHalIbHbIMU 2eomempudec-
Kumu rnapamempamu, pasHas (L, — M), Mm;

t— HOMUWHanbHas ToMNWMHA CTEHKW TpyO6bl, MM.

[ns pacyeTa NpoyHoOCTU MydThl C TPEYronbHON pe3bboii HeobxoarMbl cneayowme UCXOAHbIE AaHHbIe:

A — HaTar Npy py4yHOM CBUHUYUBAHWUM, MM;

E{ — cpeaHuin guameTp pe3bbbl B MIOCKOCTU PYYHOro CBUHYMBAHUS, MM;

Gumnc — 3@AaHHbIA MUHWMarbHBIA Npeden NPoYHOCTU NPU pacTskeHWn ana My Tel, MMa;

H— BbicoTa nucxogHoro npodunsi TpeyrosibHow peswobl, MM;

L4 — paccTosiHie oT TopLia Tpybbl 4O MNOCKOCTU PYYHOTO CBMHYMBAHUS, MM;

Sy, — cpes no BnagvHam npocuns TpeyrosibHol pe3Lobl, MM;

T4 — KOHYCHOCTb, MM/MM;

Dyy — HOMWHaNbHBIA HApYXXHbIA AMaMeTp 06bIMHOM My ThI, MM.

9.2.2.4 ®opmynbl MPOEKTHOW NPOYHOCTU

PacueT npo4HocTU coeguHeHnin ob6caaHbIx Tpy6 ¢ TpeyronbHoi pe3bboii NpoBogAaT NPy MUHUMAbHOW NPOY-
HOCTVW Tena Tpy6bl No NPOYHOCTU BUTKOB pe3bbbl TpyObl Ha CPbIB U MPOYHOCTU MydhThI.

PacueT Ha npo4HOCTb Tena Tpybbl NpoBoOAsT No cneaytolen opmyne

P, = 0,95A,6 umnp- (54)
PacueT Ha NpoYHOCTb BUTKOB pe3bbbl TpyObl Ha CpbIB NPOBOAAT Mo crieaytoLle hopmyne

0,74D7 % 61 o
_ y P ymnp
Pi= 095ApLet| 050, +7014D T Ly + 014D | (59)

PacyeT Ha npoYHOCTb MydThI NPOBOANAT Mo criedytoLein opmyne

Pj = 0:95Ajccumnc: (56)
npy aTOM
Ap= 7 [(D-2hY - d?; (57)
A.= 5(DE - d3), (58)
di=E - (L4 +A)Ty+ H-2s,, (59)
rae P, —npoYHOCTL coeaunHeHust, H;
A, —nroLaas nonepeqHoro ceHeHist TpyBbl B MIOCKOCTU NOCEAHErO BUTKA peasbbl € NornHbIM npodunem, MV
Oymnp — 38AaHHbIA MHUMabHBIA NPeAen NPOYHOCTY NPU pacTxeHUM Ans Tena Tpy6ul, MMa;
Ly — ANWHa CONPsiKEHNUs NPU MEXaHUYECKOM CRUHHYUBAHUU COEOUHEHUST ¢ HOMUHAaIIbHBbIMU 2eoMempu-
qyecKuMu napamempamu, pasHasi (L, — M), mm;
D  — HOMUWHanbHLIN HapyXHbIA gnameTp Tpybbl, MM;
Oymnp — 38AaHHbIA MUHUMAaTTbHBIV NPeaen TeKy4ecTy NP pacTshkeHun Ansa Tena Tpy6Gel, MMa;
A, — nrowagp nonepeyHoro CeHeHns My, MMZ;
Oumne — 38AaHHbI MUHUMATbHBIN MPeaen NPOYHOCTU MPU pacTskeHUn ans mydtel, MMa;
d  — BHYTPeHHWi1 anameTp TpyGbl, paBHbIl (D — 2f), MM;
¢ — HOMWHasbHasA TOMLLMHA CTEHKW TPYGbI, MM;
Dy — HOMUWUHanbHbI HAPYXHBIA AnameTp 0Bbl4HOM MydThI, MM;
di —avameTp BnaauHbl pe3bbbl MydThl B MNOCKOCTM TOpLA TPYOb! NPU MEXaHUYECKOM CBUHUMBAHUA, MM;
E; — cpedHuii anameTp pe3bbbl B NNOCKOCTH PYUHOTO CBUHYUBAHUA, MM;
Ly  — paccTosiHMe oT TopLa TPY6bl 40 NNOCKOCTW PYYHOro CBUHYUBAHUS, MM;
A — HaTAar npy py4HoOM CBUHYMBAHNU, MM;
T4 — KOHYCHOCTb, MM/MM;
H  —BbIcoTa UcxodHoro npodpunst TpeyronbHoh peabbbl, MM;
hy  — BbIcOTa NpodMns TPEYrofbHON pe3bbbl, MM;
Snm — Cpesno BnagmHam npodmns TpeyronsHol peabobl, MM.
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9.2.3 MNpoyHocTb coeguHeHUin o6cagHbIX TPY6 ¢ TpaneueudansHol pe3bboinn BC, OTTM u OTTIC

9.2.3.1 O6Lne nonoXxeHus

MpouHocTh coeanHeHUs 06caaHbIx Tpy6 ¢ mpaneueudansHot pe3sboi onpeaenstoT Mo MUHUMaNEHOR Npoy-
HOCTW pe3bbbl TPYGbI U MPOYHOCTU My ThI NOA BNaaWHON pe3bbbl B MNOCKOCTU TopLa TPybbl Mpy MexaHN4Yeckom
CBUHYMBAHWM.

9.2.3.2 flonyLlieHns 1 orpaHnyeHns

PacueTHble hopMysbl NPOYHOCTU coeanHeHNs obcagHbiX TpyD ¢ mparietyeudarnsHol pe3bboin oCHOBaHbI Ha
crneayowmx AonyLLeHUsIX:

- paspyLLeHne coeanHEHNs U3-3a CpbiBa BUTKOB pe3bobl HEBO3MOXHO. CnelyeT OTMETUTDL, YTO 3TO AONyLLe-
HWE NPOTUBOPEYUNT HEKOTOPLIM pesynsTatam UCTbITaHWUi Tpy6 ¢ 66nbLIMM oTHOLWeHWem D/t

- He y4nTbIBaeTCS BIMSIHUE BHYTPEHHErO Y HAPYXXHOrO AaBNEHWI;

- HE YYNTbIBAETCH BMUSIHWE KPUBU3HBI TPYObI.

9.2.3.3 TpeboBaHUs K UCXOAHBIM AaHHBLIM

[ns BbINONHeHWs pacyeTa NpoYHOCTU coeguHeHust o6caaHbix Tpyb ¢ mparneyeudansHol pe3bboi Heobxo-
AUMbI criegytoLLine UCXoAHbIe AaHHbIE:

D — HOMWHanbHbIN HapyXXHbli AnameTp Tpy6bl, MM;

E; — cpeaHuii guameTp pe3bbbl B OCHOBHOW NNOCKOCTU, MM;

Gyumnc — 3aAaHHbIN MUHUManbHLIA Npeden NPOYHOCTU NPU pacTskeHun Anst mydTel, MMa;

Gumnp — 38AaHHbIA MUHUMArLHBIA Npeaen NPOYHOCTU NPY PacTsKeHUM Ans Tena Tpy6bl, MMa;

Gymnp — 3aZaHHbIA MUHUMAasLHLIA NPeaen Teky4ecTU NPpK pacTsikeHny Ans Tena Tpy6el, Mla;

hg — BbICOTa Npochuna TpaneuenaansHomn pe3bbbl, MM;

Ag — Ans coeanHeHna BC — paccroaHune ot Topua MydThl 40 OCHOBaHWS TPEYTOTbHOIO Kienima npu pyy-

HOM CBUHYMBaHUW, Onst coeBuHeHuli OTTI u OTTM — paccmosiHue om mopuya my¢gpmsbi 3o
KOHUa c6e2a pe3b6bl Ha mpy6e npu py4YyHOM C8UHYUBaHUU, MM;

Ly — AnuvHa pe3bbkl Tpy6bl € NOSTHBIM Npodunem, Mm;

t— HOMUWHanbHas ToNWMHA CTEHKW TPYOGbl, MM;

T4 — KOHYCHOCTb, MM/MM;

Dyy— HOMWHanNLHbLINA HapYXXHbIA gnameTp o6bIMHON My ThI, MM.

9.2.3.4 PacueTHble hopmyibl

PacueT Ha npoYHOCTL coeguHeHnin o6caaHbIX Tpyb ¢ mparneyeudarnsHol pe3sboi NpoBOAAT N0 MUHUMANL-
HOW NPOYHOCTU pe3bbbl TPYObI M NPOYHOCTY pe3bbbl MydThlI.

PacueT Ha npoYHOCTL pe3bbbl TPYBbI NPOBOAAT MO creaytoLlei copmyre

_ Oymnp
P =0,95A,6mnp [1,008 - 0,00156(1,083 - umnp)D] (60)
PacueT Ha npoyHoCTb pe3bbbl MydThl NPOBOAAT Mo credytoLlei hopmyne
Pj = 0:95Aic Sumnes (61)
rae P —npo4HoCTb coeanHerus, H;
A, —rnnowans nonepeyHoro ceveHns Tpy6bel, pasHas % (D? - d?), mm?;
D  — HOMWHanbHbIA HAPYXHbIR AnameTp Tpybbl, MM;
d — BHYTPEHHWI AnameTp Tpybbl, paBHbIn (D — 2f), MMm;
t — HOMWHanbHas TOMLLMHA CTEHKW TPYObl, MM;

Gumnp — 384aHHBIA MUHUMAEHBI Npeaen NPOYHOCTM NpU pacTsikeHum Ans Tera Tpy6sl, MMa;
Oymnp — 38A4aHHBIA MUHUMATbHBI NIPeen TEKyHecTy Npu pacTshkeHum Ans Tena Tpy6sl, MMa;

A —Tnrowaab nonepeyHoro ceveHust MydTol, pasHas %(Dﬁ - d21) MMZ;
Dy, — HOMUWHanbHbIN HAPYXXHbIN AnaMeTp 0BbIYHOM MY ThI, MM;
d; — avameTp BnaauHbl pe3bbbl MydThl B MI0CKOCTU TopLia TpYBbl Npyt MEXaHUYECKOM CBUHUYMBAHUK, MM;
Oumne — 38A4aHHbI MUHUMASbHBIN NPeaen NPOYHOCTU MPU PacTsHKeHUU ans MydTel, MMa;
di=E;—(L; + Ag)Ty + hg, (62)

rae E; — cpeaHuit anameTp pe3bbbl B OCHOBHOW MNOCKOCTU, MM;
L; — anvHa pe3bbbl TPYBLI € NOSHLIM NpoduneM, MM;
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Ag — Ana coeauHeHus BC — paccrosiHve oT Topua My Thl 40 OCHOBAHUSI TPEYTOSIbHOMO KNneima npu pyd-
HOM CBUHUMBAHUW, OnsT coeduHeHuli OTTIT u OTTM — paccmosiHue om mopuya Mygmbi 3o
KOHUa cbeza pe3b6bl Ha mpy6e nNpu pyYHOM C8UHYUBAHUU, MM;

Ty — KOHYCHOCTb, MM/MM;

hg — BbIcoTa Npodunsa TpaneuenaansHon pesbtbl, MM.

9.3 NMpoyHoOCTL NpU pacTsikeHUU coeauHeHU HaCOCHO-KOMNPEeCCOpPHLIX TPY6

9.3.1 O6wMe NnonoxeHus

MpuBegeHHbIE HKe pacyeTbl COeaUHEHWUA Ha NMPOYHOCTb MPW PACTSKEHUU NPUMEHUMBI Ansi coeaunHe-
HWIA HacocHo-koMnpeccopHblx Tpyb no FOCT P 53366 ¢ pesbbosbiMn coeauHeHusimu no FOCT P 51906 u
F'OCTP 53365.

9.3.2 MNMpoyHoCTb coeAMHEHUIA HACOCHO-KOMMPECCOPHbIX TPYO ¢ HeBbiCaKeHHbIMU KoHLamu NU,
HKT u HKM

9.3.2.1 O6LMe NnonoXxeHus

Mpo4HOCTE CoeANHEHMIT HACOCHO-KOMMPECCOPHBIX TPYG C HEBbICAXKEHHBIMU KOHLLIAMMW U TPEYroNbHOM pesb-
6011 NU u HKT paccuuTbIBaloT Kak NpousseaeHue npeaena TekydecTu Ha nnoLaab nonepeyHoro ceyeHust TpyGol
nog nocrnegHUM MorHbIM BUTKOM pe3bbbl. Mnowaav nonepeyHbix ceueHni obbIMHbIX U cneLyanbHbIX MydT Bce-
roa 6onblue, Yem MIoWaan KpUTUYECKUX CeHEHWUIA CBUHYMBAEMbIX C HUMMU TPYD, U He BAMSIIOT HA MPOYHOCTb
COeAIMHEHMS1.

Mpo4HOCTbL cCoeaANHEHWI HACOCHO-KOMMNPECCOPHBIX TPYD € HEBbICAXXEHHBIMM KOHL@MU U TpaneuenaansHow
pe3bboii HKM paccuntbiBaloT B cooTBETCTBUN ¢ 9.2.3.

9.3.2.2 flonyLeHns n orpaHn4eHus

dopmyna ansg pacyeTa Ha MPOYHOCTL COeANHEHUI HACOCHO-KOMNPECCOPHLIX TPYO € HEBbICAXKEHHBLIMU KOH-
LiaMu1 He y4uTbiBaeT BO3MOXHOE BO3AENCTBUE BHYTPEHHErO U HAapYXXHOIO AaBNeHW. He yunTbiBaeTCS Takke BMu-
SIHVE Ha NPOYHOCTb COeANHEHUS KPUBU3HBI HACOCHO-KOMNPECCOPHLIX TPY6.

9.3.2.3 TpeboBaHuWs K UCXOAHLIM AaHHLIM

[ns BbINONHEHWs1 pacyeTa NPOYHOCTU COeAUHEHNA HACOCHO-KOMMPECCOPHbIX TPYD € HEBbICAXKEHHBLIMU KOH-
LaMu HeobxoauMbI criedyoLmne UCXOAHbIE AaHHbIE:

D — HOMWHaILHBIA HAPY>KHLIA guameTp Tpyobl, MM;

D, — HapyxHbIl QnameTp pe3bbbl Tpybbl, MM;

Gymn — 324aHHbIA MUHUManNbHBIA Npeaern TeKy4ecTu npu pactsokeHuu, MMMa;

hs— BbICOTa MPOMUNA TPEYronbHOU peabbbl, MM;

t— HOMWHanbHas TOMLMHA CTEHKU Tpy6bl, MM.

9.3.2.4 dopmyna NpoeKTHOM NPOYHOCTU

PacueT npoyHOCTY Npu pacTsixkeHWn Ansa coeanHeHuia NU u HKT HacocHO-KOMNpeccopHbIX Tpy6 ¢ HeBbica-
YXEHHBLIMM KOHLIAMW U mpey20/1bHoli pe3b60oii NpoBoaaT no opmyne

A= o207 o).

rae Pj  — npo4HOCTb coeanHerus, H;
Gymn— 38A4aHHbIA MUHUMAaILHbIA NPeAen TeKy4ecTu npu pactsbkeHuu, MIMa;
Dy — HapyXHbll AnameTp pessbbl TPyObl, MM;

hy — BbIcoTa Npoduns TpeyronbHoh pe3bbbl, MM;

d — BHYTPEHHWIA guameTp Tpy6bl, pasHbln (D — 2t), MM;
D — HOMWHaNbHbLIV HApYXHbIA anameTp Tpyobl, MM;

t  — HOMWHanbHas TOMLLMHA CTeHKU TPYGbl, MM.

PacueT npo4HocTM Npu pacTskeHun anst coeanHeHnsa HKM HacocHO-koMnpecCcopHbIX Tpy6 ¢ HeBbICakeH-
HbIMUW KOHLL@MW M TpaneLevaansHoi pessboii nposoaaT no copmynam (60) n (61).

9.3.3 MNpoyHocTb coegUHEHUIN HACOCHO-KOMNPECCOPHbIX TPYG € BbicakeHHbIMU kKoHUamu EU u HKTB

9.3.3.1 O6LLMe NonoxeHus

MpoyHOCTL coeANHEHUA HACOCHO-KOMMPECCOPHbLIX TPYG € BbICAXXEHHBIMU KOHLAMUW U mpey20s1bHOoil pe3b-
6ol EU u HKTB paccunTbIBatoT Kak MponssegeHue npegena TekydecTu Ha nroLuaab NonepeyHoro ceveHus Tena
Tpy6bl. Mnowaas nonepeyHoro ceveHust Tpy6bl Nog NocneaHUM NONHLIM BUTKOM pe3bbbl HACOCHO-KOMMNPECCcop-
HbIX TPY6 C BbICAaXXEHHbIMU KOHLLamMK Bonblue, YeM nsiowaab nonepevyHoro ceveHus Tena Tpyoel. Mnowaam kputu-
YeCKMX MonepeyHbIX ceveHuii 0BbIMHBIX 1 crneunansHbIX MycdT Bceraa 6onblue, Yem NNoLwaan KpUTUHECKUX cede-
HWIA CBUHYMBAEMbIX C HUMU TPYB, U HE BAUSIIOT Ha NPOYHOCTL COEANHEHUSI.
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9.3.3.2 fonyweHuns 1 orpaHnyeHus

dopmyna ans pacyeTa NPOYHOCTU COEANHEHWIA HACOCHO-KOMMPECCOPHbBIX TPYD € BbiCaXKEHHLIMU KOHLLaMu
He yYuTbIBaeT BO3MOXHOE BO3AENCTBIE BHYTPEHHErO U HApY)KHOro AaBfeHWI. He yunTbiBaeTCcs Takke BNUsiHWE
Ha NPOYHOCTb COEANHEHUS KPUBU3HBI HACOCHO-KOMMPECCOPHbLIX TPY6.

9.3.3.3 TpeboBaHWsA K UCXOAHBLIM AaHHbBIM

Onsa pacyeTa NpOYHOCTY COeQUHEHUIA HACOCHO-KOMMNPECCOPHLIX TPYO € BbiCAXKEHHBIMU KOHLLIaMW HeobXxoau-
Mbl criegytoLyie NCXoaHble AaHHble:

D — HOMUWHanbHbIA HAPYXHbIM AnameTp TpyObl, MM;

Oymn — 38A4aHHLIA MAHUMANBHBIN Npeaen TeKy4ecTy Npu pacTsikeHnn, MMa;

t— HOMUHanbHas TosLWMHA CTEHKM TpYBbl, MM.

9.3.3.4 ®opMyna NpoeKTHOW NPOYHOCTM

PacueT npoyHOCTW Npu pacTsKeHUU A4nst CoeaUHEHNIA HACOCHO-KOMMPECCOPHBLIX TPYD C BbICAXKEHHBIMU KOH-
Liamun NpoBoAsAT Mo creaytoLueli popmyne

Pj = Oymn %(Dz - dz)’ (64)
rae P, — NpoYHOCTb coeanHeHus, H;
Oymn — 324aHHbIA MUHUMANbHBIA Npedesn TeKy4ecTy npu pacTshkeHuu, MMMa;
D — HOMUWHanbHbIA HAaPYXHbIA guameTp TpyObl, MM;
d  — BHYTPeHHW guameTp Tpy6hbl, paBHbli (D — 2t), MM;
t  — HOMMWHanbHas TOMLUMHA CTEHKW TPpyObl, MM.

9.4 MNMpoyHOCTb NpU pacTsAXKeHUU coeauHeHUn Tpy6 ans Tpy6onposoaos

@opmyribi 0118 pacdema npoYHocmu pe3sbossix coedureHull mpy6 8t mpy6orposodoe rpusedeHsi 8
cmaHdapme [10].

10 PacueT cTorMkocTU MydT Npy AeNCTBUM AaBnNeHUA

10.1 O6Lwwue nonoxeHnA

Tpy6hl ¢ pe3bGoii U MydTamM1 BIAEPXKUBAIOT BHYTPEHHEE JABMEHNUE, PAaBHOE UNN MeHbLUee, YeM TpyGbl 6e3
pe3bbbl 1 MydTbl. MeHblUee BHYTpeHHee AaBrieHue TpebyeTcsl Ans npeAoTBpaLLeHUst TEKyHecT My Tl Unn yTey-
K1 nop AeVicTBUEeM BHYTPEHHEro AaBNEHUs B NIOCKOCTU £, Unu E; 13-3a HeJoCTaTOUHOM NNOTHOCTU COeAUHEHUS!.

[Ons BblcokorepmeTUyHbIX pe3bboBbix coeguHeHuii OTTT 1 HKM, umetoLwmx ysen ynnoTHeHUs «Memasiii-
memarni», CTOAKOCTb K ASACTBUIO BHYTPEHHETO AABIEHUS TPUHMMAIOT PABHOW CTOWKOCTU Tpybbl 63 pe3bbbl 1
My TbI.

MpueeaeHHbIe Aanee NONOXeHUs1 pacnpocTpaHsikoTesl Ha Tpy6bl ¢ MydTamu no FOCT P 53366 ¢ pe3sboBbl-
Mu coeguHeHuamu no FOCT P 51906 v MOCT P 53365.

10.2 BHyTpeHHee AaBneHMe BO3HUKHOBEHUSA TeKy4yecTu MydThbl C TPEyronbHOMn
n mpaneyeudansHoli pe3b6oin

BHyTpeHHee aaBneHve BO3HUKHOBEHUSI TeKydecTn MychTbl paccuuTLIBaIOT MO cnegytoLer popmyne

_ Oymnc (DM - d1)

PiYc DM ’ (65)
roe Py, — BHYTpeHHee AaBneHWe BO3HUKHOBEHUS TeKyHecTu B MydTe, MIa;
Oymne— 3afaHHbI MUHMMATbLHLIA Npegen TeKy4ecT NPU pacTshkeHun ana mydTbl, MINa;
Dy — HOMWHanMBHBIA HAPYXXHBIN AMaMeTp 06bIMHOM MY TbI, MM;
d; — BHYTpPeHHWI AnameTp BnaavHbl pe3bbbl MydhThbl B NNOCKOCTU TOpUA TPYObl MPY MEXaHUYeCKOM CBUH-
YMBaHUU, MM.
Onsa o6cagHbIX U HACOCHO-KOMMPECCOPHLIX TPYD € TpeyronbHon peasboii
di=E;— (L4 + A)Ty+ H-2s,, (66)

rae d; — AvameTp BnaauHbl pesbbl MydThl B MIOCKOCTU TopLa TPYGbI MpYU MEXaHUYECKOM CBUHUMBAHUM, MM;
E, — cpeaHuit aguameTp pe3bbbl B MITOCKOCTU PYYHOrO CBUHUMBAHUS, MM;
L, — paccTosiHue oT TopLa Tpy6bl 40 NNOCKOCTU PYHHOTO CBUHUMBAHUS, MM;
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A — HaTAar Npy py4HoM CBUHYMBAHWN, MM;
Ty — KOHYCHOCTb, MM/MM;
H — BblcoTa ncxogHoro npoduss TpeyronbHoM peabbbl, MM;
Sy — Cpes no BnagnHam npodunisi TpeyronsHoN pessobl, MM.
Ons o6cagHeix Tpy6 ¢ mpaneueudansHoll peabboii 015 coeduHeHUs1 BC

dy=E7— (L7 + Ag)Ty + hg, (67)

roe dy — AvameTp BnaauHbl pe3bbibl MydThl B MNOCKOCTY TopLa TpyObl NPK MeXaHU4eckom CBUHUMBAHWUM, MM;
E; — cpeaHuii anameTp pe3bbbl B OCHOBHOW MIOCKOCTU, MM;
L; — anuHa pesbbbl TPY6bLI ¢ NONHLIM Npoduem, MM;
Ag — paccTosiHue oT Topua MydTbl 40 OCHOBAHUS TPEYTOSbHOTO Keima npu py4yHOM CBUHUYUBAHUA, MM;
Ty — KOHYCHOCTb, MM/MM;
hg — BbIcoTa Npodunst mpaneyeudanbHol pe3sdbl, MM.

s o6cagHbix TPY6 ¢ TpaneLenaansHoi peabboit ans coeanHeHnii OTTM n OTTT dy paseH di— LT+ 2hg,
rae dz — BHYTPEHHUA guameTp pe3bbbl B MIOCKOCTU TopLa MydThl NMPYU MEXaHUYECKOM CBUHYUBAHUU, MM; L, —
obLas anvHa peabbbl TPyObl, MM.

10.3 CToMKOCTb K yTeukam noa AecTBUEM BHYTpeHHero gaBneHus MycdT c TpeyronsHom

1 mpaneueudansHol pe3b6oi

CTolKoCTb K yTeukaM nog AeCTBMEM BHYTPEHHEro AaBneHns B NNOCKOCTU £, nnn E; paccuuTbIBaloT No
dopmyne (68), OCHOBAHHOI Ha TOM AOMYLLEHWK, UTO YNIIOTHEHWE HAXOAWTCS B NIIOCKOCTU £, TPeYrofbHON pesb-
6bl M E; mpaneyeudarnbHol pe3sbbbl. [Mpn 3TOM cunTaeTes, UTo MydiTa ABNAeTCA Hanbonee crnabbiv 3BEHOM, U ee
CTOMKOCTb K yTe4Kam Npu Bo3geicTBUM BHYTPEHHETO AaBeHUsi cuMTaeTcsl Hanbonee Huskoi. dopmyna (68) ocHo-
BaHa Takke Ha AOMYLUEeHWUM, YTO CTOMKOCTL K yTeukam nog AehCTBMEM BHYTPEHHEro AaBneHus onpeaenseTcs
AaBneHneM BUTKOB pesbbbl TpyGbl 1 MyddTel Apyr Ha Apyra, SIBNSIOLLUMMCS Pe3ysibTaToM CBUHUMBAHUS U AeUCTBUSI
BHYTPEHHEro AaBMeHys, NPU 3TOM HaMpPsBKEHUS He BbIXOASIT 3@ yNpyrui UHTepBan.

_ ET4A(DG - E2)

rae Py — BHYTpeHHee AaBneHue npu noseneHny ytedku, MMa;
E — wmogynb KOHra, pasHbii 206,9 MMa;
Ty — KOHYCHOCTb, MM/MM,;
A —HaTar nNpu pyyHom CBUHYMBAHWW, MM, Ans pe3bboBbix coeauHenuid SC, LC, NU, EU, OTTM, OTTI
n HKM, paBHbin ykazaHHomy B FTOCT P 51906 u FOCT P 53365, ans pessbosoro coeguHeHusa BC
obcaaHbIX Tpy6 HapyHbIM gnametpom 114,30 MM — 10,16 MM, HapyXXHbIM AuameTpom ot 127,00 o
339,72 mm BrtovMTENbHO — 12,70 MM, HapykHbIM AnameTpom 406,40 mm — 9,52 Mm;
Dy — HOMUHaNbHBIN HapYKHbIN AnamMeTp 0BbIMHON My TbI, MM;
E; —cpeanunin anameTp pesbbbl B NIOCKOCTU YIINIOTHEHUA, paBHbIA E; — Ans TpeyronbHoi pe3sbbl u E; —
ans mpaneyeudarnsHoll pe3bobl, MM;
E, — cpeaHuii anameTp pe3sbbbl B MIOCKOCTU PYYHOrO CBUHUYMBAHUS, MM;
E; — cpeaHuin gnameTp pe3bbbl B OCHOBHOWM NMOCKOCTH, MM.
HaBneHune BUTKOB pe3L6bl MydThl U HANNENA ApYT Ha Apyra Py, MMMa, B pesynsTate CBUHYMBAHUS COCTaB-
nsiet

ETyA (D - E2) (E2 - ?)
L 263 (D - ¢?)

' (69)

rae E — moayns KOHra, paeHeiii 206,9 Ma;
Ty — KOHYCHOCTb, MM/MM;
A — HaTAar Npy py4HOM CBUHYMBAHWK, MM, Ans pe3bboBbix coeguHennii SC, LC, NU, EU, OTTM, OTTI u
HKM paBHbiti ykazaHHomy B FTOCT P 51906 u TOCT P 53365, ana peasboBoro coeamHeHnsa BC o6caa-
HbIX TPYO HapyHbIM AvameTpom 114,30 Mm — 10,16 Mm, Hapy>kHbIM AuameTpom oT 127,00 Ao 339,72 mm
BKNOUUTENBHO — 12,70 MM, HapykHbIM AnameTpom 406,40 MM — 9,52 Mm;
E, — cpepgHuii anameTp pe3sbbbl B MIIOCKOCTU PYYHOTO CBUHUMBAHWS, MM;
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E; — cpegHuii gnameTp pe3bbbl B OCHOBHOW NIIOCKOCTU, MM;
Dyy— HOMUHAIBHBIN HApPYXXHBIA AvameTp 06biMHON MydThI, MM;
Es — cpeaHuin anameTp pe3bbbl B NNOCKOCTU YMNOTHEHUS, paBHbIil E; — AN TpeyronsHon peasbbl u E; —
ans mpaneuyeudarnbHol pe3sobl, MM;
d — BHYTPEHHU gnameTp Tpy6bl, pasHbli (D — 2f), MMm;
D — HOMUHanbHLIN HAPYXKHBIA AnamMeTp Tpybbl, MM;
t — HOMUWHanbHasA TONLWMHA CTEHKWN TPYOLI, MM.
Mocne cBUHYMBaHWA NPUNOXEHUE BHYTPEHHEro AaBneHUs Bbi3bIBAaET U3MEeHEeHUe AaBNEHUSI BUTKOB pe3bbbl
MychTbl 1 TPY6bI ApYr Ha Apyra Py, MMa,

Rd? (Dﬁ - E2)
>~ Eoa ) (70)
roe P, — BHyTpeHHee pnasnexve, MlMa;

d — BHYTPEHHU guameTp Tpy6hl, pasHbli (D — 2f), MM.

D — HOMUHanbLHbLIN HAPYXXHBIA AnameTp Tpybbl, MM;

t — HOMUWHanNbHasA TONLWMHA CTEHKWN TPYOLI, MM;

Dy — HOMUHAIbLHbLIN HAaPYXXHLIA AnamMeTp 0bbIMHON My ThI, MM;

E; — cpeaHwii guameTp pe3bbbl B N10CKOCTM YNNOTHEHUS, paBHbI £, — Ans TpeyronbHoi pe3bbbl u E; —

ans mparneueudarssHol pe3sbbl, MM.

E; — cpeaHuin amameTp pe3bbbl B NNOCKOCTU PYYHOTO CBUHUMBAHUS, MM;

E; — cpegHuii anameTp pe3bbbl B OCHOBHOW NIIOCKOCTU, MM.

MockonbKy HapyXHbI AnameTp MydThl Becerga 6onblue aMameTpa coeanHeHUs], KOTOPbIiA B CBOIO odepeab
Bceraa 6onbLue BHYTpeHHero anamertpa Tpy6bl, To Py, Bceraa meHblue Py,. MoaTomy, korga cymmapHoe Jaene-
Hue (Py, + Pyp) CTaHeT paBHLIM BHYTPEHHEMY AaeneHuto P, 6yaeTt 4OCTUTHYTO NpeenkHoe AaBneHne repMeTiy-
HOCTW coeauHeHus1 Py.. Opyrumu criosamu, ecnu P 6onblue (Py, + Py,), TO BOSHUKHET yTeuka

Pg + Py = P, = Py, (71)

rae Py, — OaBneHue BUTKOB peabbbl MydhThl M HUNNENs ApYr Ha Apyra B pesynbTaTe CBUHYMBAHUS,
P, — BHyTpeHHee AaBneHuE;
P, — N3MeHeHVe AaBNeHnst BUTKOB pesbObl MydThl U HUNNENsA ApYr Ha Apyra B pesynsTaTe CBUHYMBaHMA
rnocre npuoXeHns BHyTPEHHEro AaBNeHNs;
P,; — npedenkHoe AaBneHne repMeTU4HOCTM COeaNHEHNS.
MNpu noAcTaHOBKE COOTBETCTBYHOLLMX 3HAYEHUI Py, 1 Py, B hopmyny (71) 1 ynpoLeHum nosnydaioT dopmy-
ny (68).

11 Pac4eTt macchbl

11.1 O6wWwme nonoxeHus

MpvBeaeHHbI B HAcTOsILLLEM pa3aerne pacyeT Macchl NpuMeHUM Ans o6caaHbIX M HACOCHO-KOMMPeccop-
HbIX TPY6 no FOCT P 53366, Tpy6 ans Tpy6onposogos no MOCT ISO 3183, nprMeHsaeMbIX B KadecTBe o6caaHbIX
1 HACOCHO-KOMMPECCOPHBIX TPYG, M BypunbHbIX TPYG no FOCT P 54383,

MnoTHOCTb MapTeHCUTHOWM xpoMucTol cTanu (rpynn npodHocT L80 Tun 9Cr 1 L8O Tvn 13Cr) otnnvaeTcs ot
MNOTHOCTU YrNepOAUCTOR cTanu, Macca Tpy6 13 Takoi cTanm MoxeT BbITb paccyiTaHa ¢ Ucnonb3oBaHUeM nomnpa-
BOYHOro koadbchmumeHTa 0,989.

11.2 PacyeT HOMUHanNbLHOW Macchbl

lNoHsAMue HoMuHaseHOU Macchl IpUMeHsiemcsi 8 omHoweHuUU mpy6 ¢ pesbboli u Mycbmamu, C 8biCaxKeH-
HBIMU U He8bICaXXeHHbIMU KOHUamu u mpy6 6e3 pe3bbbl. 3To NOHATME NPUMEHSETCS TakKe Npu NPOEKTUPOoBaHUN
KONOHH 06cafHbIX M HACOCHO-KOMMPEeCCOpHbIX TPYD ANst onpeaeneHns sanaca NPOYHOCTU CoeaUHEHWUI Npy pac-
TSDKEHUM,

HomuHanbHas macca Tpy6bl ¢ pe3bboit u MydpToit, ykazaHHast e FTOCT P 53366, npubnnanTensHo paBHa
pacyeTHOW Macce ogHoro meTtpa Tpybbl ¢ MydpTol AnuHOW 6,10 M, C y4eTOM HOMUHAIbHBIX FEOMETPUYECKNX
napameTpoB pe3bboBoro coeAMHEHUs!, HOMUHATBHBIX HAPY)XHOTO AMameTpa W TONLLMHbI CTEHKM, Py MMkl NPOYHO-
cTn Tpy6. OOHU 1 Te XKe 3Ha4YeHUs HOMWHANBHOW Macchl TPYOLI C pe3b6oil 1 MydhTON NPUMEHSAIOT AN CoeaNHEHNIA
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SC, LC, BC, OTTM, OTTI 1 nogo6HbIX COefMHEHU, NPUMEHAEMbIX B HEDTAHOM M ra30BOl NPOMbILLIEHHOCTU.
HomuHanbHaa macca 6ypuiibHON TPy6bl C BbICRXEHHLIMW KOHLL@MW 1 NPUBApPEHHbIM 3aMKOM, YKa3aHHas B
TOCTP 54383, npnba13uTensHO paBHa pacyeTHOW Macce 04HOro MeTpa Tena 6ypuibHol Tpybbl ¢ 3aMKOM OJ/1U-
HOW 8,96 M, C y4eTOM BuAa BbICaZKN, HOMUHAJIbHbIX HAPY>XXHOT O AraMe T pa v TONWNHbI CTEHKN Tena
TpyObl, TUNoOpasMepa 3amka.

11.3 PacueT macchbl Tpybbl 6e3 pe3bbbl N BbiCagKn

Maccy Tpybbl 6e3 pe3bbbl U BbICAOKW Ha eguHuLy ANWHbI Tpe KM, ans 1py6 no FTOCT P 53366,
FOCTISO 3183, FTOCTP 54383 paccunTbiBalOT Mo criegytowein choopmyne

Tpe = irrawpe (D - 1, (72)
rae km — nonpaBoYHbIli KO3hOULMEHT 4151 pacyeTa Macchl, paBHblii 1,000— ang yrnepogucTtoi ctanim n 0,989 —
AN MapTEHCUTHON XPOMUCTOW cTanu;
fWe— KoathhmLmMeHT nepecyeTa Macchbl Ha eANHULY ANNHBI, paBHbIli 0,0246615;
D — HOMVHasIbHBIA HapPYXHbI guameTp Tpy6bl, MM;
t  — HOMUWHasbHasA TOMLWUHA CTEHKM TPYOGbl, MM.
11.4 PacyeT macchbl Tpy6bl C OTAE/IKOA KOHLIOB
Mpn pacyeTe HOMWHANLHOW Macchl TPy6bl UCMOML3YIOT MOHATUE YMEHbLUEHUS WU YBENIMYEHUS MaccChl,
CBsA3aHHOE C OTAENKON KOHLOB Tpy6bl AT . 3HavyeHus AT paccuntbiBatoT no popmyne (73). Ans Tpy6 6e3 pe3bbbl
It = 0.

Am=LI(m -m pe), (73)

roe AT — M3MeHeHue Macchl Npyu O0TAENIKe KOHLOB TPY6bl, Kr;
Zl — pnuHa Tpy6bl, M;
T — pacuyeTHasi macca Tpy6bl ¢ pe3bb0oii 1 MydhTol T nnn Tpy6bl ¢ BbiCAAKoi TW, Kr/M, ANs TpyGbl ANIVHOW /.j.
Maccy Tpy6bl C OTAEKOW KOHLIOB paccyuTbiBaOT No cneaytoLlei dpopmyne

m -~ “peref  kmam, (74)

roe mL — pacuyeTHas macca Tpy6bl AsIMHON L, Kr;
T pe _ Macca Tpybbl 6e3 pe3bbbl N BbICAAKU HA e ANHULY A/IAHBI, KI/M;
Lef — pnuHa Tpy6bl C y4ETOM OTAE/KMA KOHLOB, M;

K  — nonpaBoyHbIi KO3hMLMEHT ANA pacyeTa macchl, paBHblii 1,000— ans yrnepoguctoli ctanm n 0,989 —
AN MapTEHCUTHON XPOMUCTON CTanu;
AT — n3meHeHne macchl TPyObl NPy OTAENIKE KOHLIOB, K.

11.5 PacueT mMaccbl Tpy6Gbl NOC/e Hape3aHusl pPe3bObl U CBUHUMBAHWS C MydpTON

1151 O6uwue NonoxeHns

Maccy Ha eauHULY ANMHbI TPY6bl Nocne HapesaHns pe3b6bl U CBMHUMBAHUS C MyTOM BbIYMCASAT Npy
ANMHe, N3MEePEHHON 0T cBO60AHOro Topua MydhThl 40 CBOH6OAHOrO TOpua TPpy6b! (PUCYHOK 2). Mpn 3TOM cuntaeTcs,
4YTO HeCBOGOAHbIV TOpeL, HABUHYEHHON My Tbl HAXOAWTCS B M/IOCKOCTUM MEXaHW4YeCcKoro CBMHYMBaHUS TPY6bI.

[MHa Tpy6bIl.  __ f/MHa MydiTbl, 3 — paccTosHME OT Topua Tpybbl 0 cepefviHbl MyhTbl NP MEXaHU4eCKOM CBUHUMBA-
HAV; st —  KOSM(MUMEHT nepecyeTa AMHbl, pasHbii 0,001

Pucywok 2 — Tpyba cpessboi uw nydroli

35



[OCT P 54918—2012

Alsl (Mm + 2J) mMacca, yfasieHHas npu HapesaHun pe3sbObl
Y— T pe + Macca MydTbl - Ha gByXKoHuax Tpy6bl

(75)
mt, =

roe TIc— macca pe3b6bl U MydThl HA e AUHULY OANHBI TPY6bI, Kr/M;

Lj — anuHa Tpy6sbl, M;

[fisi — koathpunumeHT NnepecyeTa AAnHbl, pasHblin 0,001;

Lm — gnvHa mydTbl, MM;

J — paccTosHue oT Topua Tpy6bl 40 cepeanHbl MydTbl MPU MEXAHNYECKOM CBUHYMBAHUN, MM;

Tpe— macca Tpy6bl 6e3 pe3b6bl M BblCaAKWM HA e AUHULY ASINHbI, KI/M.
11.5.2 PacueT n3meHeHUss maccbl Tpy6bl NoC/sie Hape3aHusi pe3bbbl U CBUHYMBAHUA C My(TOW

Am + J Kiine + Macca My - macca, yganaemas npu HapesaHun (76)
pe3bbbl HA ABYX KOHLAX TPyObl
roe T — n3MeHeHue macchbl Npu OTAesIKe KOHLOB, Kr;
klsl — koadhpnymeHT nepecyeTta gAunHbI, pasHblin 0,001;
Lm — gnuHa mydTbl, MM;
J — paccTosHMe OT Topua Tpybbl f,0 cepeAnHbl My Tbl NPM MEXAHUYECKOM CBUHYMBAHUN, MM;

Tpe— Macca Tpybbl 6e3 pe3bbbl M BblCaAKN Ha e ANHULY ANWHbI, KI/M.
Maccy mydTbl onpegenstoT no 11.8.
Maccy, yaansiemyto npv HapesaHun pe3bObl Ha ABYX KOHLUAaX Tpy6bl, onpegensioT no 11.9.
11.6 Pac4eT maccbl Tpyb6bl Nocse BbiCcaaku
11.6.1 O6wme NOJSIOXKEeHUS
PacueT uameHeHunsi maccol Tpy6bl mocne Bbicafku NPOBOAAT ANA onpeaeneHns AT — N3MeHeHUss Macchl

npu OTAEe/IKe KOHLL0B.
PacueT Maccbl Tpy6bl mocne BbiCaAKW Ha eAVUHWLY ANWHbI TW NnpuBeAeH ANnA Tpyobl AnvHON 6,10 m, ¢
yyeToM BblCafKn 060UX KOHLOB TPYObI (PUCYHOK 3).

4 — grwvHa Tpyoel

PucyHok 3 — Tpyb6a C ABYMSA BbICaXXEHHbLIMW KOHLaMU

Maccy Tpy6bl nocfie BbiCaAk/ Ha eAUHNULY AJTMHBI T, KI/M, paccunTbiBalOT No cregytolieit popmyne

N3MeHeHNe MaccCbl nNocne BblCagkKM Ha ABYX KoHUax pr6b|
Tu=TE L, (77)

roe Tpe— macca Tpy6bl 6e3 pe3bbbl M BblCagku Ha eguHULY AIUHbI, KI/M;
Lj — pnwuHa Tpy6bI, M.
11.6.2 PacuyeT n3MeHeHnA Maccbl Tpyb6bl Noc/e BbliCaaKn
M3meHeHne (yBennyeHme) maccbl TpyObl nocsie Bbicagku onpegensaoT no 11.9.

11.7 PacueT maccbl MydThbl

11.7.1 O6wwe NonoxeHus

Maccy MydTbl g8 Tpy6 419 Tpyb60npoBoA0B, 06CafHbIX U HACOCHO-KOMMNPECCOPHLIX TPY6 C TPEYro/bHOWN pe3bboii
BbluMcnAoT no 11.7.2, o6cafHbIX M HACOCHO-KOMMNPECCOPHbIX T py6 ¢ TpaneuenganbHoii pesbboii — no 11.7.3.
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11.7.2 Pacuet maccbl MydTbl An1a Tpyb onsa TpybonpoBofoB, 06CafHbIX U HACOCHO-KOMMpPeCccop-
HbIX TPYO C TPEYrosibHON pe3b0Ooii

11.7.2.1 O6LWMe NONOXEHNS

Maccy My T ans Tpy6 ans TpybonpoBogoB, 06cafHbIX U HACOCHO-KOMMNPECCOPHbIX TPY6 C TPeyronbHoi
pe3b60ii BbluncnAaw T no doopmynam (78) — (87) B COOTBETCTBUN C pUCYHKamu 4 1 5.

Lm— gavHa mydTbl; M — pacctosiHue oT Topuya MydTbl 4O NAOCKOCTM PYYHOro CBUHYMBAHWA; DM — HOMUHaNbHbI

Hapy>XHbIl ArameTp 06bl4YHOW My(hTbl; Q — AuameTp pacTouykyM B NAOCKOCTM Topua MydTbl; E1—
pe3bbbl B MNOCKOCTM PYYHOro CBUHYMBaHWSA; Ec —
[ L P N

cpefHuii anameTtp
cpefHuii gnameTp pe3bbbl nocepegumHe MydTbl;
obvemsbi I, I, 111 (Vol. I, Vol. Il, Vol. Ill) cootBeTcTBEHHO B hopmynax (80), (81) u (83)

PrcyHok 4 — MydoTa ¢ TpeyrosibHON pe3bboii

DM — HOMMWHaNbHbI Hapy>XXHbIA gnameTp 06bl4HON MydTbl; Df— HapyXHbIli fuamMeTp TOpueBOl NNOCKOCTU
06bIYHOM MY(Tbl CO cneuuanbHol ackoit; 0 — yron crneunansHOW acku;
IV — obvem IV (Vol. IV) B popmynax (84), (85) n (86)

PucyHok 5 — MychTa ¢ TpeyronbHoi pe3bboii co cneumasnbHol thackoii

11.7.2.2 PacyeT maccbl 06bI4HON MyddThbl 6€3 yyeTa dhacku

Tc= 0,5666/cm (Vol. I11): (78)

-M (79)

Vol. | =0,78541L2 (80)
fL >

Vol. 11=0,2618 ~2 - M (E™ + E ~ + E 2); (81)
v y

Vol. (I + 11 + [Il) =0,7854Lm (82)

Vol. 11l = Vol. (I +11 +111) - Vol. | - Vol. 11, (83)

rge mc — macca 06bIYHON My OThI, Kr;

k m — nonpaBoYHbIA KO3hMUMEHT AN pacyeTa Macchl, paBHbiii 1,000 — ans yrnepoamcToii ctanm 10,989 —
AN MapPTEHCUTHO XPOMUCTON CTanu;

Ec — cpeaHwnit anameTp pe3bbbl nocepeanHe MyqiTbl, MM;
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E; — cpegHuii anameTp pe3bbbl B MIIOCKOCTU PYYHOTO CBUHYUBAHWSA, MM;
L, — anvuHa MydTbl, MM;
M — paccrosiHye oT TopLa MydTbl 40 MOCKOCTU PYHHOTO CBUHYMBAHUS, MM;
Ty — KOHYCHOCTb, MM/MM;
Q — agvameTp pacTouKy B MIOCKOCTU TopLia MydhTbl, MM;
Dyy — HOMUHarbHbIN Hapy>XHbIN AMaMmeTp 06bIMHON MydThI, MM.
Pesynsrathl pacyeTta macchl My(hThl BolpaxaloT B Kunorpammax. OKoHYaTenbHyo pacHeTHYo Maccy OKpyr-
NS0T A0 ABYX AECATUYHBIX 3HAKOB, MPOMEXYTOYHOE OKPYIIIEHNEe NP pacyeTe He NPOBOAST.
Pacuet macchl crieuuansbHoi MydThl HOMUHAMNBHBLIM HAPYXXHBEIM AuameTpoM D BbINOAHAT Takke, Kak
pac4yeT Maccbl 06bIYHOW MydThI.
11.7.2.3 PacueT Maccebl, ygansieMol npu BbINOMHEHUW crieunansHoi dpacku
®opmyna (84), ucnonssyemas Ans pacyeta Macchl, yaansieMoin Npy BbiMofHEHUN cneupansHon dhacku Ha
MydTax Ans HaCoCHO-KOMMPECCOPHbLIX TPY6 € HapYyXXHOI BbICaAKoW, UMeeT NpUGNMKeHHbIN xapakTep. TouHoe
BblpaxeHue ansa obbema [V npusegeHo B Buae cpopmynei (85).

(Om- Df)(DI%A - D%) ]

Vol. IV = 0,7854 2ig0 ;

(84)

0785}~ 0.2618(D? + DDy + D)
tgo ’
rae Dy — HOMUHANbHBIA HApPYXHbIA AnamMeTp 06bIMHOM My ThI, MM;
D; — HapyHbIi AnameTp TopLIeBOW NAOCKOCTU 0BbIMHOM MydhThI CO cneuuansHol hacko, MMm;
0 — yron cneuunansHoi dacku, rpagyc.

Maccy, yaansiemyto npu BbIMOHEHUW crieunanbHon hackn M, KI, paccuuTLIBAIOT NO cneayowlein dop-
myrne

Vol. IV = (Dy - D;) (85)

Mers = 0,5666k,, (Vol. TV), (86)

rae K, — nonpasoYHbIi koadpcbuumeHT ana pacyeta macchl, pasHeivi 1,000 — ansa yrnepoguctoii ctany n 0,989 —
AN MapTeHCUTHOM XpOMUCTON CTanu.
11.7.2.4 PacyeT Maccel MydThl co cnieyuanbHoi dackoit
Maccy MydTel €O cneumnanbHol hacko BeIMUCASIOT, BbluMTas n3 maccel Myd Tl o dopmyne (78) maccy,
yAansiemyto npu BbinonHeHun dacku [cbopmyna (86)]. OkoHYaTenbHy0 pacyeTHY0 Maccy OKpYrnsiioT A0 ABYX
AECATUYHbIX 3HAKOB, NMPOMEXKYTOUHOE OKpYrIeHWe Npu pacyeTe He NPOBOAAT.

Megp = Mg — Mg, (87)

rae mgg, — Macca MydThl co cneumansHo chackoi, Kr;
m, — Macca MydThbl, Kr;
Mgrsp — Macca MydThl, yaanaemasi Npuy BeINMONHEHUN crielmansHoi dhacku, Kr.
11.7.3 Pacuet maccbl MydThbl Ans o6cagHbIX U HACOCHO-KOMIPECCOPHbLIX TpyG ¢ mpaneyeudass-
Holi pe3bboli
Maccy MydTbl Ans obcagHbIX U HACOCHO-KOMIpPeccopHbIX TpY6 ¢ mpaneyeudansHol pe3sboli BbMUC-
nsoT no dpopmynam (88)—(93), cMm. pucyHOK 6.
L/2

m

g Gz

S| 8|, ¢
Q|w|y
NI

L., — anuHa mydThl; Dy, — HOMUHANBHBIA HAPYKHbIA AuameTp oBblMHON MydThI, E, — cpenHuit amameTp pesbbbl nocepeanHe
MydThl G151 coedureruii BC u OTTM unu eHymperHuli Quamemp pacmosku myhmei 8na coedurenuii HKM u OTTT;
E,. — cpeaHnit anametp peabbbl B nnockoctu topua Mydtsl; I, II — obvemsr I, II (Vol. I, Vol. II) B dopmynax (90) n (92)

e
PucyHok 6 — Mydbta ¢ mpaneyeudansHoll pe3bboii
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Ec=E7-(L7+ J)Td (88)
Eec= E7+ (g + kx)Td, (89)

roe Ec — cpepHwuii gnameTp pe3bbbl nocepeauHe mydTbl A58 coegnHeHnii BC n OTTM unuv BHY T peHHNI
anameTp pacToukn Myd Thl gna coeguHeHnii HKM n OTTT, mm;

Ei cpefHuii amameTp pe3bbbl B OCHOBHOM MMOCKOCTH, MM;
Li ONMHa pe3b0Obl TPYObI C MOSIHLIM Npodunem, MM,
J paccTosiHue OT Topua Tpy6bl A0 cepeAnHbl MyddTbl NPU MEXaHNYEeCKOM CBUHYMBAHUN, MM;
T, KOHYCHOCTb, MM/MM;
cpefHuii anameTp pe3bbbl B MI0CKOCTM TOpLa MydThl, MM;
9 ANnHa pesbbbl ¢ HENOMHLIM NPOGIUAEM, MM;

nonpasBoYHbI KO3 hMUMEHT A5 pacyeTa CpefHero gnameTpa pesbbbl B MI0CKOCT Y Topua Myd-
Tbl, paBHbIin 0,300 — ans TPy6 HapyXHbIM gnameTpom meHee 406,40 mm 1 0,200 — ans Tpy6 Hapyx-
HbIM gnameTpom 406,4 MM 1 6onee.

Vol. 1 =0,2618 (1) (e  + EecEc+ E2); (90)
Vol. (I +11) = 0,7854 (91)
Vol. 11 = Vol. (1 +11) - Vol. I, (92)

roe Lm — gnuHa mydTbl, MM;
Eec— cpegHuii gnameTp pe3b6bl B N10CKOCTM TOpLa MydThl, MM;
Ec — cpefHuit gnameTp pesbbbl nocepeamHe MydTbl ans coeguHeHunii BC 1 OTTM unu BHY T pPeHHN
anameTp pacToukyn Myd Thl gna coeguHeHnii HKM n OTTT, mm;
D M— HOMVHaSIbHBIA HapYXHbIA AnameTp 06bIYHON MyddThI, MM.
Maccy MydoTbl T CB, K, paccumTbIiBaKOT No cregytowein popmynie

TaB = 0,5666/cm (Vol. 1), (93)

rae KT— NonpaBoYyHbI KO3 OULMEHT ANa pacyeTa Macchl, pasHbllii 1,000— ans yrnepoaucToii ctanu 10,989 —
018 MapTEHCUTHOW XPOMUCTON CTasn.

Pe3ynbTathl pacyeta Macchl MydhTbl BblpaxatoT B KunorpaMmax. OKoHYaTe IbHY0 pacyeTHY0 Maccy OKpyr-
NS0T 40 ABYX AeCATUYHBIX 3HAKOB, NMPOMEXYTOYHOE OKPYreHNe Npu pacyete He NpoBOAAT.

PacueT Macchl cneuuanbHO My Tbl HOMUHAMbHBIM HaPYXHbIM AnameTpoM Dq BbIMOSHAKT Takke, Kak
pacyeT Maccbl 06bIYHON MyTbI.

11.8 PacueT mMacchbl, ygansieMo Npu HapesaHun pe3bbbl Ha Tpybe

Maccy, ygansemMyto npu Hape3aHun pesbObl Ha Tpybe, paccunTeiBatoT no hopmynam (94)—(99) B cooTBeT-

CTBWM C pUCYHKaMmn 7 1 8.

[4—pnwna pesvly Tpyby; DA—wapyxuuld gnanerp pesvly Tpybs; Q—gnnHa pesvby c HenonKyN nNpodunew;

Lj — gnwwa peswvbu TpyGu cnonwsw npodwunew; E7 — cpefunid guawerp pes3vly B OCHOBHON mAOCKOCTH;

EO—cpeptuit guanerp pe3vbs 8 nnockocTw Topua tpydu; 1, M, W —o6vews I, I, 11 (Vol. 1, Vol. I, Vol. 1)
g gopuynax (95), (96) n (97)

Picynok 7 — Tpyba c TpPeyrosbHON unn Tpy6onpoBoAHOW pe3b6oi
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J-4—pnnwa pesvby Tpylyu; DA—wapyxnsi gnanerp pes3vly Tpyby; A—AAuKa pes3bly ¢ Henonkuu npodunen;
L7—pnnwa pesbby Tpy6s ¢ nontew npodunen; E7—cpeftuil gnanerp pe3bby B 0CHOBHOW NnoCKOCTH;
EO—cpeghnit gnanerp pe3bby 8 naockoctw Topya Tpybs; 1, H, Il —o6vews I, 1, 111 (Vol. I, Vol. 11, Vol. 111)
B dopuynax (95), (96) u (98)

Pucykok 8 — Tpyba c TpaneuengasibHOW pe3bboii

E0- E7- L7Td, (94)

roe EO— cpepgHwuii guameTp pe3bObl B N1I0CKOCTY Topua TPy6bl, MM;
E7— cpepHuii guameTp pe3bbbl B OCHOBHOM M10CKOCTU, MM;
/_7— ANNHA pe3bbbl TPYO6bl C NOMHBIM NPOUAEM, MM;

Td— KOHYCHOCTb, MM/MM.
Ha pucyHkax 7 u 8:

Vol. 1= 0,2618g (D] + D4E7 + EZ2), (95)
Vol. Il = 0,2618(L, - g)(Ef + E7EO + Eg): (96)
Vol. (I + 11 +111) = 0,7854LaDa; (97)
vol. Ill= vol. @+ I+ HI)- vol. 1-vol. I, (98)
e g — ANMHA pesbBbl C HENOMHLIM NPOGUEM, MM;

D4 — HapyXHbIii fuameTp pe3bbbl TPYObl, MM;
ET — cpefHwuii anameTp pe3bbbl B OCHOBHOI NA0OCKOCTH, MM;
LI — anvHa pesbbbl TPy6bI, MM;
EO — cpegHwii gnameTp pe3b6bl B N0CKOCTY TOpLA TPY6bl, MM.
Maccy Tn, K, yaansemyio npu HapesaHun pesbbbl Ha Tpy6e, paccumTbiBaloT No cnegytouleli hopmyne

Tn=0,2833kT(Vol. ), (99)

re KT — MonpaBOoYHbIli KOAPMLMEHT ANa pacyeTa Macchl, pasHblii 1,000 — ans yrnepoguctoli ctanm 10,989 —
ANt MApPTEHCUTHO XPOMUCTON CTanu.
11.9 PacuyeT yBeNMYeHUs1 Maccbl TPybbl Npy BbiCaake
1191 O6wue NonoxeHus

YBenunueHne maccbl Npu BbicagKe KOHLO0B HACOCHO-KOMMNPECCOPHbIX TPy6 no FTOCT P 53366 1 6ypunbHbIX
Tpy6 no FTOCT P 54383 BbluncnsAwT B cooTBeTCcTBUM ¢ 11.9.2. 11.94.
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11.9.2 PacyeT yBenuueHUsi Macchbl Tpy6bl NpU HapykHOW BbiCagke
YBenuyeHne macchl Tpy6bl Nocne BhINOMHEHWS HApPY)XHOW BbICAAKM BblMUCIAIOT no hopmynam (100)—(104)
B COOTBETCTBUU CO CXEMOM, NPUBEAEHHON Ha pUcyHke 9.

LB Leu

1////A 1l
S prr il

NI
Q
3 - Q

D, — HapyxHblii amameTp pessbbl TpYBbl; D — HOMUHANGHBIA HAPYXHBIA auameTp TpyGel;, Ly — paccrosHue
OT Topua TpyBbl A0 Ha4Yana NepexofHOro y4acTka BbiCaaku; L, — ONMHa NepexonHOro y4acTka HapyKHOM
soicagky; I, II, III, IV — o6wemul I, 1L, III, IV (Vol. I, Vel. II, Vol. III, Vol. 1V) B cdopmynax (100)—(103)

PucyHok 9 — HapyxHas Bbicaaka

Vol. (I + I1) = 0,7854L5DZ; (100)

Vol. (I + 1V) = 0,2618L,, (D + D, D+ Dz); (101)

Vol. (I1 + 1V) = 0,7854 (Lg + L) D% (102)

Vol. (I + IIT) = Vol. (I + IT) + Vol. (IIT + IV) — Vol. (IT + IV), (103)

rae Ly — paccTosiHue oT TopLa Tpy6bl A0 Ha4ana nepexoAHoro yyacTka BbIcaaKv, MM
D, — HapyXHbI gnameTp pe3bbbl TpyObl, MM;
Lo, — OMHa NepexoaHoro ydacTka Hapy)XHOW BbiCaakv, MM;
D — HOMUHanNbHLIA HapyXXHbIM guameTp TpyGbl, MM.
YBenu4eHne macchl TpyGbl Nocne BbINONHEHUS HAPYKHOW BLICAAKN Mg,,, KT, PACCYUTLIBAIOT MO CieayoLLei
chopmyne

Mgy, = 0,2833k,,, [Vol. (I + III)], (104)

rae Ky, — nonpasoyHbIN koadhULIMEHT ANs pacyeTa Macchl, PaBHbIi 1,000 — ans yrepoaucToii ctanu n 0,989 —
AN MapTEeHCUTHOW XPOMUCTOM cTanu.

Mpwumedyanune— Pacyer ysenuieHns macchl Tpy6sl Npu BbinonHeHum Hapy>XHOW BbICAZKW NPOBOANAT B
KUINOrpamMmax ¢ TOYHOCTBIO [0 ABYX AECATUYHBIX 3HAKOB.

11.9.3 Pacuet yBenuueHns macchbl TpyGbl NpU BHYTPeHHel BbIcagke

YBenuueHre Maccel Tpybbl Nocne BoIMONHEHNUA BHYTPEHHEN Bbicaak BuMMCASIOT Mo chopmynam (105)—(109)
B COOTBETCTBUU € pUcyHKom 10.

L.

iy Iiu

—

i /_/ 4

3
— )
S —- S

d — BHYTpeHHUI AuameTp Tpybbl, pasHeii (D — 2f); qou — BHYTPEHHUA AvameTp Beicapku; L, — fAnvHA BHYTPEHHEI BbICAOKY,
k, — Anvna nepexonHoro yyactka BHyTpenten Bbicagim; L 11, 1T — ofpepme) I, I1, TII (Vol. I, Vol. II, Vol. III)
B popmynax (105)—(108)

PucyHok 10 — BHYTPeHHSS Bhicagka
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Vol.I = 0,7854L,,d2;; (105)

VoLII = 026181, (a2 + dd,, + d2,), (106)

Vol. (I + IT + III) = 0,7854¢° (L, + L,); (107)
Vol. IIT = Vol. (I + IT + III) - Vol. T — Vol. II, (108)

rae L, — AnvHa BHYTPeHHel BbiCaaku, MM;
d,,, — BHYTPEHHWI AnameTp BbICAAKU, MM;
L, — AnuHa nepexoaHoro ydyactka BHyTpeHHe Bbicagku, MM;
d — BHYTPEHHUI gnameTp TpyObl, paBHbll (D — 2f), MM.
YBenuuernve maccbl Tpyobl NOCIE BLINOIHEHWUS BHYTPEHHEN BbICAAKN My, KT, BEIYUCASIOT NO creaytoLlen
chopmyne

m,, = 0,2833k,, (Vol. 1T, (109)

rae k,, — nonpaBoYHbIN KoadhdpuLmeHT ans pacyeta maccel, pasHblid 1,000 — anst yrnepoguctoin ctanvun 0,989 —
ONA MapTEHCUTHOWM XPOMOBOM CTanu.

MpumeyaHune— Pacyer ygenmyeHus maccel TpyOGbl NPy BbLIMONHEHUN BHYTPEHHEW BbICAAKWU MPOBOAST B
Knnorpammax ¢ TOHHOCTBIO A0 ABYX AeCATUYHbIX 3HAKOB.

11.9.4 Pacyet yBenu4eHUs maccbl TpyObl Npu Hapy>XHOW U BHYTpeHHel BbicagKax

YBenunyeHue maccbl TpyObl Nocre BhIMOMIHeHUS HAPYXXHOIR U BHYTPEHHEN BbICAAoK My, K, no dopmy-
ne (110) BbIMMCASAIOT Kak CyMMY yBenu4eHUs1 Maccel Tpy6bl Npu HapyXHoW Bbicaake no dopmyne (104) u npu
BHYTpeHHel Bbicagke — no coopmyne (109)

Mgy = M, + Mexys (110)

rage my,, — yBeJin4eHne Mmacchbl pr6b| npu Hapy)KHOVI BbiCagKe, Kr;
Mgy, — yBeNnMyeHne macchbl pr6b| npu BHyTpeHHeI7I BbICagKe, Kr.

MpumeyaHnwue — Pacyer YBENMNYEHUA MaccChbl pr6bl npyv BbINONHEHNUU Hapyx(Hoﬁ n BHyTpeHHel‘;I BblCaoK
NpoBOAAT B KMNorpaMmmax € TOYHOCTBIO 0 ABYX AECATUYHLIX 3HAKOB.

12 YonuHeHue

MuHmanbHoe yanuHeHue & npu pacHeTHoW AnnHe obpasua 50,0 MM BbiMUchsioT o coopmyne (111) v okpyr-
naT go 6nuwkanwmx 0,5 % npu sHavyeHun yanuHerHus meHee 10 % wnu go bnuxaiiwero 1 % nNpu 3HauYeHWK
yanuHeHunst 6onee 10 %

A
8=Kei o5 (111)
Sumn
rae K — koadpmUMeHT yanuHeHns, paBHbii 1944;
A — nroLage NnonepeyHoro ceveHnst obpasia Ans UCTLITaHWA Ha PacTshikeHVe, MM2, paccuMTaHHas no
HOMUHAMBLHOMY HaPY>XHOMY ANaMETPY U HOMUHAMBHOW LUUPUHE 1 TomLLMHe oBpasLia, C OKpyrfieHueM
Ao 10 Mm2, nnu pasHas 490 MM? (4T MeHbLUE);
Gymn — 324aHHbIA MUHMMAanNbHbBIV Npeaen NPoYHOCTY NPY pacTskeHun, MMa.
lModpobHocmu paspabomku chopmyrnel (111) — cm. cmarBapm [11].

13 UcnbiTaHne Ha cnnOWwWMBaHue

13.1 UcnbiTaHue Ha cnnowmuBaHUe ceapHbIX 06cafHbIX U HACOCHO-KOMMpPeccopHbIX TPY6

Mpw UcnbiTaHK cBapHbLIX 06CaAHbIX U HACOCHO-KOMMPECCOPHbLIX TPy Mo FOCT P 53366 Ha cnntowvBaHue
paccTosiHWE MeXay NMTamy paccumMTbIBatoT o dopMynam, ykasaHHbIM B Tabnuue 7.
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Tabnuuya 7 — PaccTosiHue Mexay NnUTamu Nnpy UCMbITaHUU Ha CNMIOLWMBaHWE 07151 ceapHbIX 06CaaHBIX N HACOCHO-
KOMMPECCOPHbIX TPpyH

lpynna npouHocTn OTHOWeHue DIt PacctosHue mexay CrnnowuBalowmumMy NAUTaMmm, MM
16 u ca. 0,5000 D
H40 [lo 16 D (0,8300 — 0,0206 Dit)
16 u ca. 0,6500 D
J55, K35 Ot 3,93 o 16 D (0,9800 — 0,0206 DIt)
[lo 3,93 D (1,1040 — 0,0518 DIt)
K72 16 u ce. 0,7000 D
o 16 D (1,1800 — 0,0300 D/t)
N8o2 Mio6oe D (1,0740 — 0,0194 Dit)
L80 OT 9 fo 28 D (1,0740 — 0,0194 Dit)
R952 OT 9 fo 28 D (1,0800 — 0,0178 Dif)
P110P Mio6oe D (1,0860 — 0,0163 D/f)
Q125° Mio6oe D (1,0920 — 0,0140 D/f)
Q135 TMio6oe D (1,1020 — 0,0125 D/Y)

a Ecnu pesynbtaTt ucnbiTaHus obpasuoB B nonoxeHun «12 u» nnm «6 4» okasancs HeyaoBNeTBOPUTENbHbIM,
MCnblTaHWe AOIMKHO ObiTb NMPOAOIMKEHO, Noka He ByayT nonyqeHbl pe3ynbTaTbl UCMbITaHWS Ha CRMOWMBaHWe B Nono-
XKeHUMM «3 Uy unu «9 ux». MNpegBapuTenbHbIN HEYOAORMETBOPUTENBHBIN  Pe3ynbTar UCTBITAaHUA B MOMOXeHUN «12 4yy»
MK «B Y» He SIBMSIETCS1 OCHOBaAHWEM Ansl OTOPaKOBKY.

b o A.5 SR11 TOCT P 53366 cnnowmeaHve 6e3 o6paszoBaHus TPELLMH AOMKHO BbiTh NpoBeaeHo do ykasaH-
HO20 paccmosHus unu Ao paccTtosiHus, pasHoro 0,8500 D, mm, ymo MeHswe.

MprvmedaHune— D— HOMWHANBHLIM HAPYXXHBIV guameTp TpyObl, MM; { — HOMUHANbHAsA TOMLWMHA CTEHKN
TpyOGbI, MM.

lModpobrHocmu paspabomku cpopmyn — cM. cmaHBapme! [12]—[14].
13.2 UcnbiTaHne Ha cnnowmMBaHue ceapHbiX Tpy6 ana Tpy6onpoBogos

Mpu ncnbiTaHuK ceapHbIx Tpyd ana Tpybonposoaos no FOCT /SO 3183 Ha chnolimMBaHue paccTosiHue
Mexay NanTamu paccunTeiBatoT Mo hopMynam, npueseaeHHbLIM B Tabnuue 8.

lNodpobrocmu paspabomku chopmyin Ha crimoujusaHue — cM. cmaxdapm [15].

Tab6nwuuya 8 — PaccrosHue mexgy NMMTamMu NpU UCNbITaHWWM HA CITNIOLLWBAHNE C8aPHBIX
Tpy6 anst Tpybonpoeogoe

pynna npoyvHocTH PaccrosiHue mexay cnniowuBaoiLMMy NAMTaMU, MM
L210 unmn A
L245 vwnn B 3,07t (0,07 + 3 VD)

L290 nnn X42
L320 nnn X46

L360 nnn X52
L390 nnun X56
L415 nnn X60
L450 wurnn X85 3,05¢ (0,05 + 3 t/D)
L485 nnn X70
L555 nnn X80
L625 nnn X90
L690 nnn X100
L830 nnn X120

MpumMeyaHne—D— HOMUHAMNBHBIN HAPYXHbLIW AuameTp Tpybbl, MM; f —
HOMWHAanbHasi TONWMHA CTEHKM TpyObl, MM.
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14 UcnbiTaTenbHoOe ruapocTtaTtmyeckoe aAaBneHue

14.1 UcnbimamenbHoe 2udpocmamuyeckoe GasneHue 0151 mpy6 6e3 pe3n6bl

PacyemHoe ruapocTtatuieckoe AasneHue Anst UcnbitaHui mpy6 6e3 pessbbl BbMUCNAOT No chopmyne (112),
3a uckInoYeHnem Tpy6 ans TpybonposoAoB rpynn npoyHocT L175 unu A25, L1210 unu A u L245 unu B HapykHbIM
AvameTpom 60,32 MM, s KOTOPLIX 3TO IABNEHNe yCTaHaBNUBAETCA 110 coatacosaHuio Mexdy uszomosumernem
u nompebumernem.

PacueTtHoe ruapoctatuyeckoe aasneHue P, Mla, BbluncnaoT no cneaytolueii popmyne

20 ft

Re="pr, (112)

rae o; — HanpsbkeHue B MeTasie, paBHoe NpoLeHTaM, ykasaHHbIM B Tabnvue 9, oT 3agaHHOro MUHUMAnbLHOTO
npepena Teky4ecTut Gympy, Mlla;
t{ — HOMUWHamnbHas TOMLWWHA CTEHKU TPYDbl, MM;
D — HOMUWHambHbIV HAPYXXHbIA AMameTp TpyObl, MM.
WcneiTaTensHoe rugpoctaTnyeckoe AaBneHve AomkHo 6biTb He Gonee AONYCTUMOro rmapocTaTUMECKoro
OaBMNeHus1, ykasaHHoro B Tabnmue 9.

Tab6nuya 9— MNapameTpbl Ans onpeaerneHus UCTbITAaTENbHOTO MMAPOCTAaTUHECKOrO AABIEHUs

MpoLieHTLI OT 3/1aHHOTO MUHU- [Jonycmumoe ucnbiTatensHoe
HomuHanbHBIA MarbHOro npefena Tekyvyectu ruopocTaTMieckoe AaBneHue?
pynna HapyXHbIA Oympy P MCTILITATENLHOM MMa. He 6onee '
NPOYHOCTH anametp NaBneHun ’
D, mm
CTaHOAapTHOM aJ1I:TepHaTl'1BH0Me CTaHgapTHoe anbrepHaTuBHoe
L210 vim A 60,32—88,90 60 75 17,2
L245 v B Cs. 88,90 60 75 19,3
L290 wnn X42 114,30 n meHee 60 75 20,7
L320 nnn X46 137,70 75 b 20.7 b
L360 wnm X52 5 ; 5
L390 vnm X56 168,28 n 219,08 75 20,7 _
L415 unm X80 273,05—87,50 85 b 20,7
L450 vnn X65
L485 vnm X70
L555 unm X80
b b
L625 mnu X90 508,00 u ce. 90 20,7
L690 mnmn X100
L830 mnu X120
H40, J55, K55 244 A8 n meHee 80 20,7 69,0
273,05 n cB. 60 80 20,7 69,0
M65 Tio6on 60 80 20,7 69,0
K72 Tro6oi 80 b 69,0° b
L80 n N80 Tio6on 80 b 69,0¢ b
C90 Tio6on 80 b 69,0¢ b
R95 Tio6on 80 b 69,0¢ b
T95 Tio6on 80 b 69,0° b
P110 TNioGoit 80 69,0° d
Q125 Tio6on 80 69,0¢ d
Q135 Jro6oi 80 69,0° d
a Nonyckaetca Gonee BLICOKOE UCMbITATENbHOE AABNEHWE.
b AnbTepHaTUBHOE UCMLITAaTENBEHOE AABNEHUE He NPEAYCMOTPEHO.
¢ Bonee Huskoe ucrnibimamensHoe OaeneHue Oonyckaemcs monbko 01 ucnsimamenbHozo 0bopydosaHus,
MEeXHUYEeCKUe 803MOXHOCIMU KOMOpP0o20 ozpaHudeHbl. zzomosumerns OomkeH umemes OOKyMEeHMUpPo8aHHoe 060~
CHOBaHue, nodmeepxxdarwee makue 02pPaHUYeHUs.
4 AnbmepHamueHoe ucrisimamernsHoe 0asneHue, PasgHoe PacyemHomy.
€ Mo cornacoBaHWio Mexay U3rotoBuTenem n notpebutenem unu no TpeGoBaHuio 3akasa Tpy6bl MOryT BbiTb
UCMbITaHbl NPU anbTEPHATUBHOM UCMLITATENBHOM MMAPOCTaTUHMECKMM faBneHun, ykasanHoMm B TOCT P 53366.
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14.2 UcnbiTaTenbHoe ruapocraTtuyeckoe aasneHue Tpy6 c peab6oit U MydgTamn

Tpy6bl Ana Tpy6onposoaos ¢ peabboii u MydTamu HapyXHbIM AuaMmeTpom Gonee 168,28 MM UCMLITLIBAKOT
npy TOM e rapocTaTUYeckoM AaBneHun, 4To 1 Tpy6sl 6e3 pesbbbl, 3a UckitoueHreM Tpy6 Hapy>KHbIM gUaMeT-
pom 168,28 MM 1 MeHee, A KOTOPbIX 3TO jaBfieHVe YCTaHaBUBAETCS MO COrNacoBaHuio Mexay U3roToButenem
1 notpebuTenem.

O6cagHble 1 HacoCHO-KoMMpeccopHble TPYBbI ¢ pe3bboii U MydhTaMu UCTILITLIBAKOT NPU TOM Xe rapocTaTi-
YecKoM JaBfieHun, YTo 1 Tpybel 6e3 pesbbbl, 3a UCKMIOYEHWEM TeX cnydaeB, korga TpebyeTtcs 6onee HU3Koe
AaBneHve Ans npefoTBpaLleHns yTevek U3-3a HeAoCTaTOMHOM CTOWKOCTU K yTeukam nog AeNCTBUEM BHYTPEHHETo
[aBfeHus Metanna mydTel UNn U3-3a HEAOCTATOUHOW CTOVKOCTU K yTeukam nog AeNCTBUEM BHYTPEeHHero AaBne-
HYs B nnockocTn E4 unu E; coeiMHeHns1, B COOTBETCTBUM € pasaenom 10.

McnbiTaTensHoe ruapoctaTmieckoe AasneHne NPUHUMaeTCA paBHbIM MEHbLUEMY U3 cneayoLmx aasne-
HUIA: AaBNeHWto, paccuMTaHHOMY Ans Tpyb 6e3 pe3sbil no hopmyne (112) B 14.1, unv gasnenuto, pasHomy 80 %
BHYTPEHHEro AaBneHns BO3HUKHOBEHWS TeKy4ecTu MeTanna MydTbl, paccuutaHHomy no cpopmyne (65) 8 10.2, nnu
BHYTPEHHeMy AaBlEHUIO NMOSIBIIEHWS YTEUKU B COEAUHEHUN, paccHuTaHHoMY no chopmyne (68) s 10.3.

15 Kpytawmn momMeHT Ana o6cagHbIX U HACOCHO-KOMNPECCOPHbIX TPYO
C TpeyronbHon pe3b6on

B cooTBeTCTBUM CO cTaHAApTOM [16], Ans cBUHIMBaHNA 06CcagHbIX U HACOCHO-KOMNPECCOPHBIX TPYD peko-
MEeHAYEeTCS ONTUMAIbHBIN KPYTALLUIA MOMEHT, paBHbI 1 % pacueTHO NPOYHOCTH pe3bbbl Ha CPLIB, BLIMUCIIEHHOM
no copmyrne (55).

B coomeemcmeuu co cmaHdapmom [17] ceuHuyueaHue 06cadHbIX U HACOCHO-KOMIMPECCOPHbLIX mpy6 peKo-
MeHOyemcs nposodums C MUHUMAITbHLIM KpymMSAUWUM MOMEHMOM, pasHsiM 1 % npoYHOCMU 8UMKo8 pe3bbb! Ha
Cpbl8, 8bivucieHHol ro chopmyne (55).

OdHako boriee rpasusibHO MpoeoduMs ceUHJUBaHue mpyb ¢ Mygbmamu He 1o Kpymsiuemy MoOMeHmy, a ro
10J/T0XKEeHUIO C8UHYUBAHUS.

16 WUcnbiTaHMe Ha HanpaBneHHbIW 3arné Tpy6 Ansa TpyGonpoBoAoOB, CBapeHHbIX
Ayrosou cBapkow nop ¢niocom

16.1 O6wue nonoxeHuA

Pasmepb! nprcnocobrneHns (onpasku UK MyaHcoHa) ANA UCMbITaHUS Ha HanpaeneHHbIN 3arné Tpy6 ans
Tpy6onpoBOAOB, CBapEHHbLIX AyroBoli ceapkoi noA dntocom, BelumcnsiioT no chopmyne (113) B COOTBETCTBUU €
pucyHkom 11.

KpuTuueckuii pasmep onpasku (nyaHcoHa) Agey, MM, HE JONKEH NPEeBbILaTh 3HaUEHUS, PACCUNTAHHOIO No
cnepytoLLeii popmysie C OKpyrieHnem nosy4eHHoro 3HavyeHus 4o 1 Mm

11500 -2)

aentgo g1 (113)

Agotj =

rae 1,15 — koadbULIMEHT HEOAHOPOAHOCTU CTPYKTYPSI;
D — HOMUWHanbHbIV HAPYXHbIA AnameTp TPyGbI, MM;
t  — HOMWHanbHas TOLLMHA CTEHKWN TPYBbI, MM;
€eng — KO3PMLIMEHT AechopmaLmu.
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a Mo Heo6x0AMMOCTH.
b Pe3b60BOE yCTAHOBOYHOE OTBEpCTMeE.
C 3aKasieHHble UM CMasaHHble OMNopbl WK 3aKasieHHbIe POJUKK.

Alb — pa3Mep OonpaBKku NyaHCOHa, paBHbili A\ght; Bgh — paccTosiHme Mexay CTeHKkamu MaTpuubl Wiy onopamu;
Cdb — paccTosiHne He MeHee 22,0 MM, HO He 6onee (It + 1,6); t— HOMWHa/IbHASA TOJLMHA CTEHKY;
ra— paguyc onpasku (nMyaHCOHa); rb — paguyc maTpuubl

PucyHok 11 — MMpucnocobneHne AN MCNbiTaHUS Ha HanpaBfeHHbIA 3arn6
3HaueHVe eag 3aBVICUT OT MPyribl NpodHocTV (Tadnua 10), a,40MN0NHATEbHbIE pa3Mepbl onpaBk (TyaHoo-
H) BbIUMCNSIOT MO NPUBEAEHHLIM Aguiee (hopMyiaMm .

Ta6nuya 10— KoachduymeHT gedopmaymm npyu UCNbITAHUX Ha HanpasBfeHHbI 3arné

Ipynna npo4HoCTN KoahunumeHnt gethopmanun eeng
L210 nan A 0,1675
L245 wnn B 0,1375

L290 nnn X42 0,1375

L320 nnn X46 0,1325

L360 nam X52 0,1275

L390 nnm X56 0,1200
L415 nanm X60 0,1125
L450 unnn X65 0,1100
L485 nam X70 0,1025
L555 nam X80 0,0950

L625 nnuXx90 0,0850

L690 wnam X100 0,0800

L830 wnam X120 0,0675
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Paguyc onpasku (nyaHcoHa) Ans UCTIbITaHWS Ha HanpaBneHHbIV 3arud r,, MM, BbIMUCASOT No chopmyrie

A
=5 (114)

rae Agp— KpUTUYECKUiA pasmep MpUCrocoBneHus Ans UCTbITaHUSA Ha HampaBeHHbIi 3arue.

PaccTosH1e Mexay cTeHKaMy MaTpuLbl Uiv ornopamm Mpu UCTbITaHWU Ha HanpasneHHbIi 3arué By,, MM,
BbIMUCIIALOT Mo chopmyre

B = Agy + 2t + 32, (115)

rae Ay — KPUTUHECKNiA pasmep NpucnocobneHns Ans UcrbITaHus Ha HanpasneHHbIA 3aru;
t — HOMUWHaNbLHasA TONLLMHA CTEHKN TPYBbI, MM.
Papavyc MaTpuLbl AN UCTIbITAHWUS HA HaMpaBrieHHbIA 3arvé 1y, MM, BBIMUCTISIOT Mo dopMyne

=15, (116)

rae By, — paccTosHve Mekay CTEHKaMW MaTpULb! U OMopamm Mpy UCTLITaHWM Ha HanpaBneHHbIA sarub.
16.2 UcxogHble AaHHble

16.2.1 3HaueHUs g,g

3HaYeHUS &, 8bIYUCTSIIOM 110 chopmyne (117), npusederHotl e cmaHdapme [11], nyHkm 4a. Modmeepxde-
Hue amux 3Ha4eHul rpusedeHo 8 cmardapme [12]. SHayeHus1, paccuumanHbie 1o chopmyrne (117), okpyansiom
8o briuxatiweao kpamHoeo 0,0025, 3a UCKIOYeHUeM 3HadeHul Ons epyrr npodHocmu L360 unu X52 u L390 unu
X56, dr1s1 Komopbix OKpyareHue npoesodumcs 0o briuxaliwezo bonbuezo KpamHoezo 0,0025.

KoadbdununeHT gedopmanm £ong PACCHMTLIBAIOT MO cneaywoulei popmyre

3000 - (0,64)°?

 (1450,mp)*° (17

eng

rae Gymnp — 324aHHbLIN MUHUMATbHBIA NPeAes NPOYHOCTU NPY pacTsbkeHnn Ans Tena Tpy6ul, MMMa.

16.2.2 3HaueHUs Ay
3HaueHus aToro pasmepa, NnpuseaeHHoro B FOCT ISO 3183 (npunoxexue D), BblvucnatoT no dopmyne
(113) v okpyrNsIHOT B COOTBETCTBUU € Tabnuuen 11.

Tabnwnuya 11 — CraHgapTHble 3HaYeHus Agptj AN UCTIITAHUA HA HanpaeneHHbIN 3arn6

Agbtj, MM

157,5 188,0 2235 266,7 320,0 383,5 459,7 551,2 660,4 792,5

OnucaHwue BbiBoga chopmynbl (113) npusegeHo B ctaHgapte [18].

17 OnpegeneHne MMHMMaNbLHOro pasmepa o6pasuoB ANA UCNbITaHUA
Ha yaapHbIA M3rné

17.1 KpuTu4deckas TonwmMHa CTeHKU

TpeboBaHWs1 K MOIOLLEHHOW 3HEePr OCHOBAHbI Ha KPUTUYECKOW TOSLLIMHE CTeHKW u3denudl. Kpumudeckol
monujuHot cmeHKu Mychm 0nsi coeduHeHut SC, LC, BC, OTTM, EU, NU, HKT u HKTB sensemcs monujuHa
CMEHKU 80 8riaduHe rnpoghusis pe3bbbi nocepeduHe Mycbmel, 0518 coeduHeHul OTTI u HKM — monujuHa cmeHKu
80 sriaduHe rpoghuris pe3sbbi 8 MNIIOCKOCMU mopua mpybbl, paccyumarHbie 1o HOMUHaIbHOMY HapyXHOMY dua-
mempy mycbmei Dy unun De v HOMUHaIIbHBIM 260MEMpUYECKUM Napamempam pessbbi. Kputudeckast TonwmHa
CTEeHKU MychT AN1s1 pe3bb0oBbIX COeAUHEHWUIA, MpedyCMOMPEHHBIX HacmoswuM cmaHOapmom, ykasaHa B Tabnu-
ue 12. Kputndeckor TOMNLWMHOM CTEHKM Ans TpyD SABNsieTCs HOMWHaMbHast TONLWMHA CTEHKU.

17.2 PacyeTHas TonwMHa CTeHKU Tpy6GHoM 3aroToBKK AN MydhT

YTobbl paccunTaTh HEOGXOAMMYIO TOMLLMHY CTEHKKN TPYBHOI 3aroToBKM Anst MydT, K KPUTUHECKON TONLWKUHE
CTeHKM MyhTbl No Tabnuue 12 cneayeT npubaBuTh BLICOTY pe3bbbl U pesynstaT pasgenvTs Ha 0,875. PaccunTaH-
Hble TakuM cnocoboM 3HAYEHUS TOMLUMHBI CTEHKM TPYBOHO 3aroToBKW Ans MydT npreedeHs! B Tabnuue 13.
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& Tabnwuuya12 — Kputnyeckas TOMWMHA CTEHKU CTaHAAPTHBIX MydT

B munnmmetpax

Hapyxbiii Kputuieckas TonwmuHa CTeHkn MydThl ONs COSAUHEHUSA HapykHbidi Kpumuyveckas monuuHa cmeHku mMychmel 0519 COe0UHeHUs
duaAE/l)emp NU EU CneyuaneHasa mycghma BC LC sc duaAE//)emp HKT HKTB HKM CrieyuansHasa Mycghma OTTM oTTr
EU BC OoTTM oTTr

26,67 4,29 5,36 — — — — — 26,67 — 5,39 — — — — —
33,40 5,36 6,55 — — — — — 33,40 5,40 6,59 — — — — —
42,16 6,07 6,10 — — — — — 42,16 6,11 6,12 — — — — —
48,26 4,98 6,38 — — — — — 48,26 5,00 6,41 — — — — —
60,32 7,72 7,62 5,69 — — — — 60,32 7,74 7,66 7,70 — — — —
73,02 9,65 9,09 6,45 — — — — 73,02 9,68 9,13 8,83 — — — —
88,90 11,46 11,53 7,47 — — — — 88,90 11,51 11,54 11,28 — — — —
101,60 11,53 11,63 — — — — — 101,60 11,57 | 11,66 11,25 6,61 — 8,61 —
114,30 11,05 12,52 — 6,58 8,18 8,86 8,56 114,30 11,07 | 12,56 11,42 6,84 7,27 8,44 8,87
127,00 — — — 6,76 9,14 9,96 9,45 127,00 — — — 6,91 7,35 9,31 9,75
139,70 — — — 6,81 9,04 9,88 9,40 139,70 — — — 7,03 7,47 9,28 9,72
146,05 — — — 7,08 12,08 13,02 12,47 || 146,85 — — — 7,26 7,70 12,26 12,70
168,28 — — — 6,96 11,91 12,90 12,32 168,28 — — — 7,17 7,60 12,12 12,55
177,80 — — — 7,1 10,67 11,63 10,92 177,80 — — — 7,28 7,72 10,88 11,32
193,68 — — — 8,84 13,61 14,55 13,87 193,68 — — — 9,02 9,46 13,77 14,21
219,08 — — — 8,94 15,29 16,43 15,54 219,08 — — — 9,21 9,65 15,56 16,00
244,48 — — — 8,94 15,29 16,69 15,60 | 244,48 — — — 9,21 9,65 15,57 16,00
273,05 — — — 8,94 15,29 — 15,70 250,83 — — — — — — 16,00
298,45 — — — — 15,29 — 15,70 || 273,05 — — — 9,22 9,66 15,567 16,01
323,85 — — — — 16,17 — 16,50| 298,45 — — — — — 15,57 —
339,72 — — — — 15,29 — 15,70 || 323,85 — — — — — 16,41 16,84
406,40 — — — — 16,94 — 16,05| 339,72 — — — — — 15,53 —
425,45 — — — — 16,74 — —

473,08 — — — — 21,69 — 20,80

508,00 — — — — 16,94 17,09 16,10

MpumeyaHune— Kputnueckas TonwpmHa cTeHkm TpyOHON 3aroToBkM Anst MydT N MydTOBOWM 3aroTOBKW NPEBbILIAET YKA3aHHYIO Bbile, C yHETOM BbICOThI

pe3bbbl U Npunycka Ha mMexaHudeckyro obpaboTky Ans npegoTBpalleHusi 06pas3oBaHNs YePHOBUH MO BepLUMHaM pe3bbebl.
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Tabnuuya13 — PacyeTHas TonwmHa CTEHKM TpyOHOI 3aroToBKM A4nst MydhT
B munnumetpax

HepyHii Pacyemrasa monuuna cmeHku mpybHol 3azomosku 0nsa my¢hm HapysHsii Pacyemrasa monuwuHa cmeHku mpybHol 3azomoeku 0nfa mychm
dua%emp NU EU CrieyuanbHas myghma BC LC sc dua/gemp HKT HKTB HKM CrieyuansHasa mycgpma OTTM oTTr
EU BC OTTM oTTr

26,67 6,53 7,72 — — — — — 26,67 — 8,23 — — — — —
33,40 7,72 9,09 — — — — — 33,40 8,24 9,60 — — — — —
42,16 8,56 8,59 — — — — — 42,16 9,05 9,06 — — — — —
48,26 7,32 8,92 — — — — — 48,26 7,78 9,39 — — — — —
60,32 10,44 10,77 8,56 — — — — 60,32 10,91 | 10,82 10,29 — — — —
73,02 12,65 12,47 9,45 — — — — 73,02 13,13 | 12,50 11,58 — — — —
88,90 14,68 15,24 10,59 — — — — 88,90 15,22 | 15,26 14,38 — — — —
101,60 15,24 15,37 — — — — — 101,60 15,29 | 15,39 14,34 9,38 — 11,67 —
114,30 14,68 16,38 — 9,32 11,15 12,19 11,84 114,30 14,72 | 16,42 14,88 9,65 10,14 11,47 11,97
127,00 — — — 9,52 12,27 13,44 12,88 | 127,00 — — — 9,73 10,23 12,47 12,97
139,70 — — — 9,58 12,12 13,36 12,80| 139,70 — — — 9,86 10,37 12,43 12,94
146,05 — — — 9,89 15,61 16,95 16,32| 146,05 — — — 10,13 10,63 15,84 16,34
168,28 — — — 9,75 15,42 16,81 16,15| 168,28 — — — 10,02 10,51 15,68 16,17
177,80 — — — 9,93 14,00 15,37 14,55| 177,80 — — — 10,15 10,65 14,26 14,77
193,68 — — — 11,91 17,35 18,69 17,91 193,68 — — — 12,14 12,64 17,57 18,07
219,08 — — — 12,01 19,28 20,85 19,84 | 219,08 — — — 12,35 12,86 19,61 20,11
244,48 — — — 12,01 19,28 21,13 19,89 | 244,48 — — — 12,35 12,86 19,62 20,11
273,05 — — — 12,01 19,28 — 20,02 250,83 — — — — — — 20,11
298,45 — — — — 19,28 — 20,02| 273,05 — — — 12,37 12,87 19,62 20,13
323,85 — — — — 20,28 — 20,93| 298,45 — — — — — 19,62 —
339,72 — — — — 19,28 — 20,02| 323,85 — — — — — 20,58 21,07
406,40 — — — — 21,16 — 20,40| 339,72 — — — — — 18,43 —
425,45 — — — — 20,93 — —

473,08 — — — — 26,59 — 25,86

508,00 — — — — 21,16 21,59 20,47

Mpume yaHue— Pacdemnsie sHayeHusi Ons LC, SC, HKT, HKTB nipusedetbi Ona epicomsi npogunsa 8-HUmoyHol mpeya0npHol pe3bbol.
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17.3 PacyeTHas TonwMHa CTEHKU ANA U3roTOBMEHUsA nonepeyHbix oGpasyuos

PacueTHas MMHUManbHas TOMLLMHA CTEHKW, Heobxoaumas 4nst Toro, YTobbl U3roTOBUTL AN UCNbITAHWA Ha
yAapHbIA U3rnbé obbivHBIX MydT nonepeyHble 06pasLbl NoHOro pasmepa, 3/4 pasmepa 1 1/2 pasmepa, Bknodas
npunycku no 0,50 MM Ha MexaHW4eckyto 06paboTKy No HApYyKHOMY M BHYTPEHHeMY AWaMeTpaM, onpeaenseTcs
no ¢popmyne (118) n npuseaeHa B Tabnuue 14.

Tab6nwuuya 14 — TpeboBaHus k TONWMHE CTEHKW, HeOBXOOUMOI ANsA U3TOTOBMEHWA NonepeyHbix o6pasuos Ana
MCMNbITAaHWA HAa yAapHbIA M3MMb 0ObIMHBIX MydT

B munnumetpax

HapyXHbiii Hampg';'(::'ﬁ PacueTHan TonumHa cteHku, HeobxoauMas Ansi U3roToBNeHUN
AMaMng Tun coenuietms gﬁbHHOE nonepeyHbix o6pasLoB ANA UCMLITAHUSA Ha yAApHbIA U3rn6?
Tpy6hl MydDThI nosiHoro
D Dy, pasmepa 3/4 pasmepa 1/2 pasmepa
NU 107,95 18,54 16,05 13,54
88,90 HKT, HKM 108,00 18,54 16,05 13,54
EU, HKTB 114,30 18,06 15,57 13,06
NU 120,65 17,65 15,14 12,65
101.60 HKT, HKM 120,60 17,64 15,13 12,64
’ EU, HKTB 127,00 17,70 14,78 12,27
OTT™M 114,00 18,09 15,59 13,09
NU 132,08 17,02 14,50 12,01
114.30 HKT, HKM 132,10 17,02 14,50 12,01
' EU, HKTB 141,30 16,59 14,10 11,58
SC, LC,BC, OTTM, OTTI" 127,00 17,27 14,78 12,27
127,00 SC, LC,BC,OTTM, OTTI 141,30 16,59 14,10 11,58
139.70 SC, LC, BC 153,67 16,10 13,61 11,10
’ OTTM, OTTI" 153,70 16,10 13,61 11,10
146,05 SC, LC, BC, OTTM,OTIT 166,00 15,70 13,20 10,70
168.28 SC, LC, BC 187,71 15,14 12,62 10,13
’ OTTM, OTTI" 187,70 15,14 12,62 10,13
177.80 SC, LC, BC 200,03 14,87 12,37 9,87
’ OTTM, OTTI" 194,50 14,99 12,50 10,98
193,68 SC,LC,BC,OTTM, OTTI 215,90 14,58 12,07 9,58
219.08 SC, LC, BC 244,48 14,15 11,66 9,14
’ OTTM, OTTI" 244,50 14,15 11,66 9,14
244,48 SC, LC, BC 269,88 13,84 11,35 8,84
OTTM, OTTI" 269,90 13,84 11,35 8,84
250,83 oTTIr 269,90 13,85 13,35 8,85
273.05 SC, BC 298,45 13,56 11,07 8,56
’ OTTM, OTTI 298,50 13,56 11,07 8,56
208,45 SC, BC, OTTM 323,85 13,36 10,87 8,36
323,90 13,36 10,87 8,36
323,85 SC,BC, OTTM, OTTIr 351,00 13,18 10,68 8,18
339.72 SC, BC 365,13 13,11 10,59 8,10
’ OoTTM 365,10 13,11 10,59 8,10
406,40 SC, BC 431,80 12,78 10,29 7,77
425,45 BC 451,00 12,70 10,20 7,70
473,08 SC, BC 508,00 12,50 10,01 7,52
508,00 SC, LC, BC 533,40 12,45 9,93 7,44

8 PacyeTHble TONWMWHBI CTEHOK NMPUBEEHBI C YHETOM MNMPUIYCKOB Ha MexaHu4eckyto o6paboTky: 0,50 MM — no
BHyTpeHHeMy anameTpy n 0,50 MM — No HapyXHOMY ANAMETPY.
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MuHuUManbHyo TONWWUHY CTEHKU L, MM, Heobxoaumyto ANs U3roTOBIIEHUA nNonepeydHbIX o6pasuos ans
UCNbITaHUA Ha YAapHbI N3rnb, paccunTbiBaloT No creayouleit dopmyne

5 0,5
Dy Dy
tmin = 5 — l(T) - 756,2525] + 1,016 + 10k, (118)
rae Dy — HOMUHanNbHLIA HapyXHbIA AnameTp 0BbIMHOWM MyhTbI, MM;
Kk — koadbpuuneHT, paBHbIi:
- 1,00 — ans 06pasLoB NOMHOro pasmepa;
- 0,75 — ans 06pa3suos 3/4 pasmepa;
- 0,5 — ans obpasuos 1/2 pasmepa.
17.4 PacyeTHas TonwuHa cTeHKU ANs U3roToBMNeHUs npoaonbHbIX 06pa3suoB

PacueTHas TorLmMHa CTeHKU, HeobxoaumMas Ans Toro, 4ToBbl U3roTOBUTL AN UCNbITAHUS HA YAAPHbIA U3rué
06bI4HBIX My T NpoAosibHble 0bpasLbl MoNHoro pasmepa, 3/4 pasmepa u 1/2 pasmepa, Bkodas NpUNYcku no
0,50 MM Ha MexaHu4eckyto 06paboTKy Mo HapyXHOMY U BHYTPEHHeMY AvaMeTpam, U onpegensemas no copmy-
ne (119), npuseaeHa B Tabnuue 15.

Tabnwuya 15 — TpeboBaHusl K TOMNWMHE CTEHKM, HEOOXOAUMON ANA U3rOTOBMNEHUsI NPOAONLHLIX 06pasuos Ans
UCMbITaHUS Ha yaapHbIv M3M6 oBbIYHBIX MydT
B munnumetpax

HapyxHblii Hﬂaurgl:::;ﬁ PacuetHan TonwuHa creHkn, Heobxoauman ANns UrOTOBMEHUA

aMamMeTp Tun coenuHeHMs OBLINHOI nonepeyHbIx o6pa3uoB ANS UCTILITAHUSI HA YAAPHBIA M3rnG?

prpsbl MyD(sz' ;;’:;g;; 3/4 pasmepa 1/2 pasmepa
NU 33,35 11,79 9,27 6,78
26,67 EU 42,16 11,61 9,12 6,63
HKTB 42,20 11,61 9,12 6,63
NU 42,16 11,61 9,12 6,63
33,40 HKT 42,20 11,61 9,12 6,63
HKTB 48,30 11,54 9,04 6,54
NU 52,17 11,51 8,99 6,50
HKT 52,20 11,51 8,99 6,50
42,16 EU 55,88 11,46 8,97 6,48
HKTB 55,90 11,46 8,97 6,48
NU 55,88 11,46 8,97 6,48
48,26 HKT 55,90 11,46 8,97 6,48
EU, HKTB 63,50 11,40 8,92 6,40
NU 73,02 11,35 8,86 6,35
60,32 HKT, HKM 73,00 11,35 8,86 6,35
EU, HKTB 77,80 11,33 8,84 6,35
NU, HKT, HKM 88,90 11,30 8,78 6,30
73,02 EU 93,17 11,28 8,78 6,27
HKTB 93,20 11,28 8,78 6,27
NU 107,95 11,25 8,74 6,25
88,90 HKT, HKM 108,00 11,25 8,74 6,25
EU, HKTB 114,30 11,23 8,74 6,22
NU 120,65 11,23 8,71 6,22
101,60 HKT, HKM 120,60 11,23 8,71 6,22
EU, HKTB 127,00 11,20 8,71 6,22
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OkoHyaHue mabnuust 15

HapyxHbii
HapysHblit amamerp PacueTtHas TonuwmHa cteHku, Heobxoaumasi Ans U3roTOBNEHUA
avametp Tun coenuHerus: OBLIMHON norepeyHbix 06pa3uos ANA UCNLITAHUS HA YAApHbIA U3rn6?
Tpy6bI MydThbI NosHOro
D Dy, pasmepa 3/4 pasmepa 1/2 pasmepa
OTT™M 114,00 11,24 8,74 6,24
114.30 NU 132,08 11,20 8,71 6,20
’ HKT, HKM 132,10 11,20 8,71 6,20
EU, HKTB 141,30 11,20 8,69 6,20
STC,LC,BC,OTTM, OTTI| 127,00 11,20 8,71 6,22
@ PacyeTHble TOMLLMHBI CTEHOK NMPUBEAEHb! C YYETOM MPUIYCKOB HA MexaHu4eckylo o6pabotky: 0,50 MM — no
BHYTpeHHeMy gnameTpy u 0,50 MM — no HapyXHOMY AnameTpy.

MUWHUMaNLHYIO TOMLMHY CTEHKU tpipn, MM, HEOBXOAUMYIO OS1 U3rOTOBNEHUS NPoAoNbHbIX 06GpasLoB Ans
UCnbITaHWA Ha yaapHbIi n3rnd, paccunTbiBatoT Mo cneaytolleit dopmyne

2
D D
b =~ — [(TM) — 24,9999

rae Dy — HOMUHaNbHLIN HapyXHbIi Auametp MydTbl no FOCT P 53366, mwm;
Kk, — koadbpuLMeHT, paBHbIN:
- 1,00 — ans 06pas3LoB NONHOro pasmepa;
- 0,75 — ans ob6pa3svuos 3/4 pasmepa;
- 0,5 — ans o6pasuos 1/2 pasmepa.

17.5 Paamepbl 06pasLioB ANA UCNbITaHUA Ha yaapHbIA U3rué mydpTt

MuHUMaIbHyo TOMLWMHY 06pa3LoB Ans UCTIbITAHWS Ha YAapHbIA U3rn6, oTGUpaeMbIX OT TPYBHOW 3aroToBKU
ana mydT (cMm. 17.2), onpeaenstoT No pacHeTHOW TONLWMUHE CTEHKN, HeoBXoauMon Ans N3roToBneHnsa o6pasuoB
(cm. Tabnuubl 13 1 14). N3 Tabnuy, 13 n 14 gomkeH 6biTb BeiGpaH HanGonbLLINIA U3 BO3MOXHbLIX 0Gpa3sLoB ¢ pacyeT-
HOW TOMLLWHOM CTEHKN MEeHee HOMUHAbHOW TOMWMHBI CTeHKWM UCNbITyeMol TPyOHOI 3aroToBku Ans MydhT ansi
paccmaTpusaemMoro coeguHeHus. B Tabnuue 16 npueeaeHbl MUHUMANbLHO JONYCTUMbIE pa3Mepbl NoNepeyHbIX
o6pasLo., a B Tabnuue 17 — MUHUMAIbHO AOMNYCTUMbIE pasdMepbl MpodosibHbIX 06pasuos. Tabnuusl 16 u 17
cnyxart ans onpegeneHus opueHTaumm 1 pasmepa 0b6pasLioB 4N UCNbITaHUS Ha yaapHbIA U3rnb, Tpebyemoro no
FOCT P 53366.

0,5
+1,016 + 10k;, (119)

Tabnwuuya 16 — MuHumanbsHble JOMyCTUMbIE pa3Mepbl NONepeyHbIX 06pasLoB AMs UCMBITAHUA Ha yaapHbIi u3rmb
MycT

MuHUManeHbIA LONYCTUMBIA pasmep nonepedHbIX o6pasuoB ANs UCMbITAHWA Ha YOapHbIA Marng® b
e EU BC oTTM | OTTF
Mﬁelr;"o NU | S| BU| HKT | HKTB | HKM | SRR BC | L | sco | STEA | Sl | ormf oTTr
MydpTa mygpra’ mydpTa® [ mygpra®
88,90 | 1/2 12 172 3/4 | 3/4 — — — — — — — — —
101,60 | 3/4 3/4 — | 34| 34 — — — — — — — — —
114,30 | 3/4 3/4 — | 34 1 — — — — — — — — —
127,00 [ — — - | — — — 1/2 1/2 172 | 12 — — — —
139,70 [ — — - — — — 1/2 172 172 | 12 — — — —
146,05 | — — - — — — — 1/2 1721 172 — — 172 | 172
168,28 [ — — - | — — — 1 1 1 1/2 — — 172 | 1/2
177,80 | — — - | — — — 3/4 3/4 1 1/2 — — 172 | 1/2
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Hapyx-
HbIA
ova-

metp D

MuHUManbHbIA LONYCTUMBIA pa3mep nonepeyHblX 0GpasLoB ANA UCTbITAHUA Ha yAapHbIA Uarmbg® b

NU

EU
cneum-
ansHas
MydTa

EU

HKT

HKTB

HKM

BC
cneuu-
anbHasi
mypTa’

BC

LC

SC

OTT™M
cneuu-
anbHas
my¢Ta’

oTTr
cneum-
anbHas
mycra‘

oM

oTTr

193,68

1

3/4

3/4

219,08

1

—

-—

1/2

244,48

1

—

-—

1/2

12

250,83

273,05

1/2

1/2

CEG R R Y

298,45

323,85

339,72

351,00

377,00

406,40

425,45

473,08

508,00

Alalalalalalalal a2

1

Al alalalalalalal =] -

a8 Paswmep obpasua ykasaH
1/2 — obpasey 1/2 pasmepa, 3/4 — obpa3sey 3/4 pa3mepa.
b [Tpu He8o3MOXHOCMU U320MosneHus nonepeyHbix obpa3yos 1/2 pasmepa Heob6X0AMMO UCMONb3OBaTh NPO-
JonbHble 06pasubl.
¢ TpeGoeaHus k pasmepy obpasua OCHOBaHbI HA TOM, YTO cneunanbHble MyTbl U3TOTOBNEHBI U3 TPYOHbIX
3aroToBOK Ans 06bIHYHbIX MydT.

Nno OTHOWEHMIO K 00pa3uy

nonHoro pasmepa: 1 — obpasey ronHo20 pasmepa,

MpumeyaHune— MonepeyHslie o6pasubl He oTMBPalOT OT MydT, NPeaHa3HAYEHHbIX A/19 HaCOCHO-KOMITpec-
COPHbIX Mpy6 HapyxHbiM anametpom mexee 88,90 mm u 06cadHbix mpyb HapyxHbiM Ouamempom meHee 127,00 mm.

Tabnuua 17 — MuHMManbHbIe AONYCTUMBbIE pasmMepbl NPOAOSbHLIX 06pa3LOB ANt UCTILITAHUS HA yAAPHbI
n3rné Myt Ansa Tpy6 HapyxHbIM AnameTpom MeHee 88,90 Mm 1 My T ans Tpy6 HapyXHbIM AvameTpom 88,90 MM
1 6onee, ecrnv U3roToBneHKe nonepeyHbIX 06pasuoB 1/2 paamepa HEBO3MOXHO

MUHUMAnNBLHBI [ONYCTUMBIN PaamMep NpOLIONbHLIX 0GPa3LOB ANA UCALITAHUS HA YapHbIiA U3ru6® P

Hapyx-
HbliA EU BC oTT™ | oTTr
Ana- NU | MW ey | HKT | HKTB | HkM | S™WM | Bc | o | sc | omeun | enewn- oyl oTTr
meTp D ansHas anbHan aneHasa | anbHasa
mydpTa’ my¢ra’ mydpTa® | mydpra’
26,67 b — 12 °® 1/2 — — — — | = — — — | =
33,40 1/2 — 34| 1/2 3/4 — —_ J— —_ —_ — — — —
42,16 1/2 — 172 | 1/2 1/2 —_ — — —_ — — — — —
48,26 1/2 —_ 34| 1/2 3/4 —_ — — —_ — — — — —
60,32 3/4 3/4 3/4 | 3/4 3/4 3/4 — — — — — — — —
73,02 1 1 1 1 1 3/4 — — —_ — — — — —
88,90 d d d d d 1 — — —_ — — — — —_
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MuHUMAnNBHBI AOMYCTUMBIN pasMep MPOAONBHLIX 0BPA3LIOB [NA UCTLITAHUS Ha YapHBIA U3rM6® P
Hizflmm- EU BC OTTM | OTTIr
By || e | e | et | s | | S | oo | e | so | e | et |omil orrr
mycpTa® mMydpra® mycdTa® | mycdpra®
101,60 d — d d d 1 — — — | — 1/2 — 3/4 —
114,30 d — d d d 1 3/4 3/4 1 1 1/2 1/2 3/4 | 3/4
127,00 | — — — | — — — d d d d 1/2 1/2 34| 3/4
139,70 | — — — | — — — d d d d 1/2 1/2 34| 3/4
146,05 | — — —| = — — 1/2 d a1 49 1/2 3/4 d d
168,28 | — — — | — — — d d d d 1/2 3/4 d d
177,80 | — — - — — — d d d d 1/2 3/4 d d
193,68 | — — —| - — — d d d d 3/4 3/4 d d
219,08 | — — —| —= - — d d d d 3/4 d d d

2 Pa3amep obpasua ykasaH Mo OTHOLWEHWUIO K 06pasuy nonHoro paamepa: 7 — obpasey rnonHozo pasmepa,
1/2 — obpasey 1/2 paamepa, 3/4 — obpasey 3/4 pasmepa.

b PacyeTHas TOMWMHA CTEHKM HEAOCTATOuHa AMS MAroTOBNEeHWst o6pa3aLoB. OAHAKO eCnv TOMWMHA CTEHKU
TpYOHOM 3aroTOBKW Anst MyT HECKONbKO Borblle pacyeTHOM, TO MOXET BbiTb M3roTOBIEH NPOAOSIbHLIA 06pasel
1/2 paamepa.

¢ TpeGoBanus Kk pasmepy obpa3sua OCHOBaHbl HAa TOM, YTO crieumarnbHble MydTbl U3rOTOBMEHbI M3 TPYOHBIX
3aroToBOK Ansl 06bI4HbIX MydT.

d ina nenbitaHua MycT AOMKHBI BbITb M3rOTOBMEHbI MornepeyHble obpasLipl.

17.6 Paamepbl 06pa3uoB AnA UcNbITaHAA Ha yAapHbIA U3ru6 Tpy6

PacuyeTHas TonwmHa cTeHku Tpy6bl, HeobxoanMas ANst U3roTOBNEHNUA MPOAONLHbIX WU NonepeYHbIX o6pas-
LoB nonHoro, 3/4 pasmepa n 1/2 pasmepa Ans UcnbITaHUs Ha yaapHbIA u3rnb, npusegeHa B FOCT P 53366,
mabnuysi C.22 u C.23.

17.7 O6pasubl 6onbluero pasmepa

O6pasubl 6onbLUero pasmepa MoryT 6biTe 0TOOpaHbI B CReayoLLKX Criydasx:

a) ToNLMHA CTeHKV TPYOHO 3aroToBKW A4ns MydT 6onblue, YeM paccumTanHas no 17.2;

b) He ncnonb3yeTcs NonHbIA NPUNYCK Nog MexaHudeckyo 0b6paboTtky 0,50 MM No Hapy>XHOMY 1 BHYTpeHHe-
My avameTpam;

C) AonycKaeTcs UCMonb30BaHne 06pa3sLoB C KPUBM3HO HapyKHOM NOBEPXHOCTK, 0BycrnoBneHHo hopMoli
ucxogHol Tpy6el (cm. FOCT P 53366).

17.8 CnpaBo4Has uHdopmaLus

CnpaBoyHasi nHdopmMaLua No MexaHuke paspylleHus, opmynel, npumeHsemMsle B FOCT P 53366 ana
pacueTa TpeboBaHW K UCMbITaHUIO Ha YAapHbIA U3rnb, npuseaeHsl B [19]. ToeboBaHUa K nonepeyHbIM obpas-
uam — Takeke B [19]. TpeboBaHuMsi k npogosHbIM 06pasLliaM ocHOBaHbI Ha TPEGOBaHUSIX K NonepeyHbIM oGpasLamM
1 Ha OTHOLLEHWX MPOYHOCTY B NPOAOSIBHOM 1 NonepeYHoM HanpasneHusix, pasHoM 1,33 — ans rpynn npoYHOCTU
J55 1 K55 1 2,0 — ans 6onee BbICOKUX rpynn NpoYHocTU. CBasb K, M MPOYHOCTY Ha yAapHbIA U3rMb BbICOKOMpPOY-
HbIX cTane onucaxa B [20].

HononHuTtenbHble TpeboBaHUSA K UcrbimaHuro Ha ydapHbili uszub ansa Tpy6, npueeaeHHble B FOCT P 53366,
A.9 SR16, 6onblue 0CHOBaHbI Ha 3adaHHOM MUHMMAarbHOM Nnpegene NPOYHOCTU, a He Ha 3aaHHOM MaKcUManb-
HOM npegene Teky4decTn MydT. Takoi BbIGop 06BACHAETCA TEM, UTO OXMAAEMbI YPOBEHb HanpsbkeHui B Tpybax
06bIYHO HWKE, YeM YPOBEHb HaMpPsPKEHNUI B MydiTax.
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MpunoxeHne A
(cnpaBo4Hoe)

PacueT TpexmepHoii TekyuecTu Tena Tpy6hbl

A1 TpexmepHas TeKy4eCTb Tena Tpyohnl

A.1.1 06wme nonoxeHnna

Mpy aHanu3e TpexmepHOW TekyuecTn Tena Tpybbl ucnonbaytot kputepuii boH Museca. Ynpyroe coctosiHve, Beay-
Wwee K BO3HWKHOBEHUIO TEKy4eCTW, BO3HMKAET MPU HanoXeHun cnegyrowmx hakTopos:

a) paguanbHbIX U TaHreHUManbHbIX HanpskeHui, onpegensieMslx No opmynam Jlame gnsi TONCTOCTEHHOMO Ly-
nMHApa;

b) paBHOMEpHOro oceBoOro HanpsbkeHust NBOro NPOUCXOXKAEHUS, KPOME HampshKkeHusl narnba;

C) oceBOro HanpsikeHust uamba ansa 6pyca TUMOLLEHKO;

d) HanpsbxeHua caBura OT KPy4eHUst C MOMEHTOM, HanpaBleHHbIM NO Ocu TPy6bl.

A1.2 Dopmynbl ynpyroro HanpsxxeHus

A.1.2.1 O6wume nonoxeHws

B cdhopmynax ynpyroro HanpspkeHusi, Bo3HuKatowero B Tpybe, npegen ynpyroctu, npegen nponopumMoHanbHOCTH n
npegen Teky4ecTu maTtepuana coenagatoT. [og TekyyecTblo MeTanna B JaHHOM Cry4Yae NOHMMAIOT rpaHuLy Mexay
yNpyrum v Heynpyrum cocmosiHUsSIMU, JTa rpaHnua He MMeeT OTHOWEHWS K CTaHO4apPTHOMY OnpeaeneHuto NOHATUS MUHK-
ManbHOro npegena tekydectn. CtangaptHoe onpegenenve, npuBegeHHoe B FOCT P 53366, npumeHsiioT ana pacdeT-
HbIX hopmyI.

MpepenbHble 3Ha4YeHWs1 BO3HUKHOBEHUST TEKy4eCcTU Tena Tpybbl — 3TO 3HAYEHWsl, NMPU KOTOPbLIX HAYMHAETCA TEKy-
YecTb. MaTepuan Tena TpyObl B LENOM eLle yrnpyruii, HO B OQHOW UN B HECKONbKMX 0bnacTsx AoCTUraeT npeaena Tekyde-
ctw. MoaToMy HanpspkeHwsl, onpedensowme npegernbHole 3HaYeHUs BO3HUKHOBEHUS1 TEKYYeCTH martepuwana Tena Tpy-
6bl, MOryT GbITh HaaeHs! NPY NMOMOLM DOPMYST, OCHOBaHHBIX HA NIMHEWHOM YNpPYrom noBeAeHMU martepuana.

A.1.2.2 dopmynbl Nlame

Korga Tpyba HaxoamTcsi nog AeiiCTBNEM BHYTPEHHErO M HApYXHOIo AaBMeHU, pagmanbHoe Hanpshkenue o,, MMa,
W TaHreHUMansHoe HanpsbkeHue oy, Mlla, BosHukalowme B Tene Tpybbl, BEMUCHSIOT MO crieaylowmmM dopMynam:

2m2
(Re® - Po0) - (R~ P 2L

o, = T : (A1)
212
(Re® - P,D?) + (R- R)L D
Op= — ar_ (A2)
D° —-d
rae P, — BHyTpeHHee gaenenve, MMa;

Q

— BHYTPeHHuiA anameTp Tpy6bl, paBHbin (D — 2f), mm;
D — HOMUWHanbHbLIW HApPYXHBIN anameTp TpyObl, MMm;
— HOMMHaIbHasi TONWMWHA CTEHKN TPyObl, MMm;
P, — HapyxHoe pgaenenune, MMa;
r — pagwanbHasi koopauHata, d/2 < r < D/2.
Ynpyme paguarnbHole W TaHreHUManbHble HanpsKeHUst He 3aBUCAT OT OCEBOW Harpy3Ku.
A.1.2.3 PaBHOMepHOe OCEBOE HanpsbkeHue
Cuna TsKeCTW BMECTE C APYIMMU BHELWHUMW Harpy3kamu (M3MeHeHUs1 TemnepaTtypbl U gaBrneHusl, cnocob crycka
B CKBa)XMHY M Op.) CO3faeT oceBoe ycunue F,, Bbi3biBalowee HanpshkeHne G, Mla (coctaBnsiowas oceBoro Hanpspke-
HUSl, HE Bbi3Baemast U3arMbom), paBHOMEPHO pacnpegeneHHoe NO NONEepeYHOMY CEUEHMIO U BbIMUCIISIEMOE NO Criefdyio-
wen dopmyne

~

Fa
Ga= A_p, (A.3)

rae F, — ocesoe ycunwe, H;

A,— nnowaap nonepeyHoro cevenms Tpy6bl, pasHas %(Dz—d2 ) Mm%

D — HOMMHanNbHLIN HapYXHbIM gnameTp Tpybbl, MM;
d — BHyTpeHHWIi A anameTp Tpybbl, paBHbi (D — 2f), Mwm;
t — HOMMHanbHasA TOMNWMHA CTEHKN TPYObI, MM.
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B crnyvasix korga M3BecTHO OCeBOe ycunue, BbI3BaHHOE MM HanpsbkeHve onpeaensitoT no dopmyne (A.3). B gpyrux
cryyasx Korga U3BeCTHO OCEBOe HanpsbkeHve, No HeMy HaxogsaT ycunue F,. Tak, ecnn Tpyba 3aLemMeHTMpoBaHa B CKBa-
XWHe, TO ee pacTsKeHWe U CKaTne B OCeBOM HanpaBneHun HeBo3MOXHbl. OceBoe HanpsikeHwe, a 3HauuT U OCeBoe
ycunue sIBNSOTCA Toraa yHKUMen uaMeHeHusl TemnepaTypbl U gaenenus. Takum obpasomM, oceBoe HanpsikeHue u
OCEBOE YCUIUE SIBMSATCA BTOPUYHBIMU, @ HE NEPBUYHBIMU NEpeMeHHbIMK. B 3Tnx cnyyasx npumensiiot dopmyny (A.3).

A.1.2.4 HanpsixeHne narmba

CocCTaBnsioLwyo 0CEBOr0 HanpsikeHusi Gy, BbI3BaHHYI0 n3rmbom, MlMa, BeluMChsOT No creaytowel dopmyrne

Op= iITb =t Ecr, (A4)
rae I, — wambatowmii moMeHT, H - m;

I — MOMEHT MHepuMK nonepeyHoro ceveHust Tpyobl, paBHbIN &(D‘t—d“), mMm?;

E — wmopynb HOHra, paeHbii 206,9 Mla;
¢ — n3rnb Tpybel — obpaTHas BenvumHa paguyca nsrnba ocu Tpybbl, pag/m;
r — pagwanbHas koopavHarta d/2 < r < D/2;
d — BHyTpeHHWI anameTp Tpybbl, paBHbin (D — 2f), mm;
D — HoMMHanbHbIN HapyxXHbI guameTp TpyObl, MM;
{ — HOMMHanbHas TONWMHA CTEHKW TPyObl, MM.
3Hak * ykasbiBaeT Ha TO, YTO COCTaBMSOLLAs OCEBOr0 HanpsiKeHWsl, Bbl3aBaHHas U3rMGom, MOXeT ObiTb MONOXKU-
TENbHON (NpW PacTsLKEHWU) UMW oTpuuaTenbHOW (NpU Cxatum) B 3aBUCUMOCTM OT MOMNOXEHUS paccMaTpUMBaeMON TOMKM
nonepeyHoro cevenus. OT narmba B ToUKax MNONEPEYHOrO CeYEHWs, PacnoNOXeHHbIX Brvke K LeHTpY paguyca KpUBW3HLI,
Yem npogonbHast ocb TPyObl, BO3HUKAIOT CXUMAIOLLME HaMNPshKeHWsl, a B TOYKaX NONepeyHoro ceveHus, pacnonoXeHHbIX
Janblue OT ueHTpa paguyca KpUBM3HbI, YeM NpoAonbHasi ocb TPYObl, BO3HUKAIOT PacTArMBaloWme HaNpshKeHus.
EguHruen namepeHnst NnepeMeHHON ¢ SABNAETCA pagnaH Ha MeTp, YTO He XapakrepHo Ansa HedTAHOW U ra3oBON
NPOMBbILLNEHHOCTU. Yalle NpumeHsemMolr eguHMLEN U3MepeHnst NepemMeHHoNn ¢ aBnaeTca rpagyc Ha 30 M. [ins nepeBo-
Aa eauHuubl n3mepenus rpagyc Ha 30 M B pagmaH Ha MeTp npaByto YacTb hopMynsl (6) HacTosiwero cTaHgapTa Heobxo-
AMMO YMHOXWTb Ha NocTosHHYo /(180 - 30) unn 5,8178 - 1074,
A.1.2.5 HanpsixxeHus kpy4eHus
KacatenbHoe HanpspkeHVe Npu KPyYeHUM Tpy, MIMa, AelicTBylOWEE NO OKPY)XXHOCTM MOMEPEYHOro ceveHnst Tpyoel,
cocTaBnsier
Mr
Tha = 7 (A.5)
P
rae M — kpyTAawmn momeHT, H - m;
r — paawanbHasi koopgauHarta d/2 < r < D/2;
d — BHyTpeHHWIi gnameTp TpyObl, paBHbii (D — 2f), MMm;
D — HOMUWHanbHbIN HapyXHbIV anameTtp Tpybbl, MM;
{ — HOMMWHanbHasi TorwmMHa CTeHKM TPyObl, MM;

. . 4 44
I, — nonsApHbIii MOMEHT MHePLMM NONepPeyHOro ceueHns TpyGbl, paBHbIi %(D —-d"), mm*.

A.1.3 ®opmyna npegenbHbIX 3HAY€HUNA TPEXMEPHON TeKy4YecTH

A.1.3.1 O6wme nonoxeHws

Mpu U3BECTHbLIX 3HAYEHWAX BHYTPEHHENO M HAPYXHOTO AABNEHWIA, OCEBOTo YCUInus, n3rnbaiowero n KpyTsLLero
MOMEHTOB, 3KBUBaNeHTHOE HanpskeHve o, Mla, BeuncnsioT no cnegyiowen dopmyne

o= | 0% +0% +( % 60— - 2 1
e=|0% +0f +(0, +0p) —0,0n— 6(04 +0p)—0p(04 +0p)+3Tha | (A.6)

e c, — papvaneHoe HanpsbkeHve no dopmyne (A.1), MlMa;
O, — TaHreHumanbHoe HampsbkeHue no copmyne (A.2), MMa;
O, — COCTaBnsioLLAsi OCEBOrO HarpshkeHWsl, He BbI3BaHHas nambom, no dopmyne (A.3), MMa;
0, — COCTaBrsioLLasi OCEBOro0 HaNPshKeHWs, Bbl3BaHHAsA Mambom, no copmyne (A.4), MMa;
T,a — KacaTenbHOe HanpsbkeHue npu kpydeHun no cdopmyne (A.5), MMa,

YcnoBue BO3HUMKHOBEHWS TEKYYeCTu:

e =0y, (A7)
NPy 3TOM G, < Gy COOTBETCTBYET YNPYroMy COCTOSIHMIO;
G — 3KBMBaneHTHoOe HanpsbkeHue, Mla;
Oy — npefen Teky4ecTu NpeacTaBUTENbHOTO o6pasua npu pactsikeHun, MlMa.

Mpu oTcyTcTBUM M3MMBa U KpyueHust Hambonbluee 3HaYeHWe 3KBMBANEHTHOTO HanpsixeHus Bcerga Gyaet Habnio-
JaTbCsl HA BHYTPEHHEN MOBEPXHOCTM Tena Tpyobl. Mpu Hannymmn narmba HeoGxoOMMOo YeTbipe pasa NpoBecT pacyeT Mo
copmyne (A.7): No ogHOMY pacdeTy A5l HAPY>KHOW U BHYTPEHHEN NMOBEPXHOCTEN AN KaXO0oro u3 BO3MOXHbIX MONOXK-
TENbHOIO M OTPULATENIBHOIO 3HA4YEHUI Gy,
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A.1.3.2 CneuyuanbHble cnyyanm KpUTepUs TeKyvyecTu

A.1.3.2.1 [elicTBME TONIbKO OCEBOr0 HanpsHXKeHus

Mpy OTCYTCTBMM BHYTPEHHETO M HaPY>XHOTO AaBfeHuii, n3rnba n kpydeHmsa dopmyna (A.6) ynpoliaeTcsa fo cnegyto-
Lero BblpaXKeHus

Ce = 02, (A-8)
rae oe — 3KBMBa/IEHTHOE HanpsxeHvne, MMa;
0a— cOoCTaB/soLWaa 0CeBOro HanpsXeHus, He Bbl3BaHHas n3rmbom, Mla.
TekyyecTb BO3HUKaET Torga, Korga oceBoe HanpshkeHue CTaHOBUTCA paBHbIM = Oy — npejeny TekyyecTu npegcra-
BUTENbHOTO obpasua npu pacTaxXeHuu.
A.1.3.2.2 [le/icTBUE BHYTPEHHEIO W HAaPY)XHOro AAB/IEHUA N OCEBOr0 HaMpsXKeHus
Mpu oTcyTCTBUM M3rnba u KpyyeHus copmyna (A.6) ynpouiaetcs 40 CNefylowero BblpaxeHns

Oe=[0? + Oh +Oa-oroh- oroa-o hoa]l/2, (A.9)
roeoe — 3KBMBANIEHTHOE HanpshkeHue, MMa;
O — papguanbHoe HanpsbkeHue, MIMa;
O, — TaHreHumanbHoe HanpsxeHue, MMa;
0a— COCTaBNALWAaA OCEBOr0 HanpshKeHus, He Bbi3BaHHasA u3rnbom, Mla.
MoacTtasnsasa oopmynbl (A.1) n (A.2) 1 KpUTEPUIA TEKYYECTU HA BHYTPEHHEN NOBEPXHOCTU Tena Tpy6bl (A.7) B hopmy-
ny (A.9), nonyuum

Rd2 + PQP2 3(Pi -P q)2D4 Pj
oy = T : (A.10)

+
D2-d2 (D2 d2)2 ' D2- d2

nnum

Pd2 - PabD2 +3 Pi~pPgfpD2

D2 - d2 (D2 - d2) (A-11)
roe o y— npefen TekyyecTu npeacTaBuTeflbHOro o6pasua npu pacTsxkeHuu, MIMa;
0a— COCTaB/iAOWAsA OCEBOro HanpshKeHus, He Bbi3BaHHas u3rné6om, Mra;

P| — BHyTpeHHee gaBneHue, MMa;

d — BHYTpeHHU gunameTp TPy6bl, paBHblli (D - 2f), mm;
P — HOMMWHanbHbLIA HapyXHbI gnameTp TpyoObl, MM;
t — HOMMWHanbHas TO/MLUHA CTEHKU TPYy6bl, MM;

PO0— HapyxHoe paBsneHune, Mla.
padnyeckum npegcrasneHmem copmynbl (A.11) ABnsieTcs anaunc ¢ 60bLWOK U Manoli 0CSIMU C LEHTPOM B TOYKE
nepeceyeHns oceli KOopAauHaT, nokasaHHbll Ha pucyHke A.l.

MpumevyaHunsa

Qn+ A
1Mo ocn X — —
Yy

1(Pit)2 R Pp
2Mooen Y— 5pit- 1 o»

PucyHok A.1 — Kputepuii Tekyyectn Tena Tpy6bl no poH Musecy npu AeincTBumn BHYTPEHHETO
N HapYXHOro AaBfieHUi U 0CEeBOro HanpsXKeHus
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A.1.3.2.3 AnbTepHaTBHOE OnucaHne o06s1acTu TEKyYecTu
MpeacTaBneHne KpUTEpUs TeKyvyecTu B 3aBUCUMOCTW OT BHYTPEHHEr0 M HapyXHOro AaBfieHWii 1 OCEBOro Hamnpsxe-

HUA NOKa3blBAeT, YTO AaB/ieHWE M OCEBOEe HamnpshkeHue B3aMMoCBs3aHbl. PelleHve, NpuHsiToe B ctaHaapTax [1] u [2],
3ak/loyaeTcss B TOM, YTOGbl pasfeNinTb BblpaXeHue N5 TeKyYecTU Ha fBa OTAE/bHbIX C/yyas npu AeACTBUM TOSbKO
HapYXXHOTO [aBfieHNs1 UK TO/IbKO BHYTPEHHEro [JaBfieHWsl B COYeTaHMK C OCeBbIM HanpshkeHuem. Kpome Toro, reomert-
puyeckunii pakTop, nokasaHHblii B BuAe abcumccbl Ha pucyHke A.l, npeacTaBfieH Ha anbTepHATUBHON MOBEPXHOCTU
TeKy4yecTu npu ynpolieHun aéeuucesl Ao P, (aBa BepXHUX KBagpaHTa) U PO (gBa HWXKHMX KBaApaHTta). MosyyeHHoe npu
3TOM rpadpuyeckoe npeacrasneHve QopMysibl TeKyuecTu (CM. pUCYHOK A.2) nofo6HO npeacTaB/ieHHOMY Ha pucyHke A.l,
HO Npu P| = Pa = 0 kpuBasl KpUTepusl TEKYUYEeCTU HEe POBHas.
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MpumevaHunsa
1 Mo ocu X — oceBas Harpyska, kH.
2 Mo ocu Y — paBneHue, Mlla.

PucyHok A.2 — KpuTepwuii TekydecTu Tena Tpy6bl no ooH Musecy npu AeiCTBUU BHYTPEHHEro

M HapyXHOro AaBneHnit N 0CeBOro HanpshkeHusi no craHgapTy [1]

dopmyna gna AByx BepxHux keagpaHtos (PO = 0) umeet Bua

(lc] - 4lalc)l2
P,=-/%% 2lcp, ;

Ka = "pi + "pi + 1

kB=(1—M °a

kC=vl -

D2+d2
pl~ D2-d 2°

dopmyna gns aByx HWKHUX kBagpaHToB (P, = 0) umeet Bug

, 9 \12
-kB * (kB ~ 4/<p/Ic)
pe « 2/cn

Ka - KpO>
KB —Kpo <3
Kg- Ca ©f;

K 2D2
p D2- d2

(A.12)

(A-13)

(A.14)

(A.15)

(A.16)

(A7)

(A.18)

(A.19)

(A.20)

(A.21)
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B 060u1x cnyyasx:

P| — BHyTpeHHee pgaBneHue, Mla;
/B, Ao, Ap — NpPOMEXYTOUYHble NepeMeHHble B hopMyne KputTepust Tekydectn ooH Museca no ctaHgaptam [1] u [2];
Aj| — reomeTpuyecknin KOapmLMeHT BepxHero keagpaHta B hopmyne kputepus Tekyyectn ¢hoH Mwuseca no
ctaHgaptam [1] v [2];
0a — COCTaBfflLLasA OCEBOr0 HanpshKeHusl, He Bbi3BaHHas usrmoom, MMa;
oy — npefen TekyyecTu npeacraBuTesibHOro obpasua npu pactsxeHun, MMa;
D — HOMMHa/bHbLIA HapPYXHbI AnameTp Tpybbl, MM;
d — BHyTpeHHUn gnameTp Tpyb6bl, paBHbllii (D - 2f), mm;
t — HOMUWHanbHas TO/LMHA CTEHKU TPyObl, MM;

AP0 — reomeTpuuecknii KO3ULNEHT HWXKHEro KBagpaHTa B dOpmysie Kputepus TekyyecTn ¢oH Mwuseca no
ctaHgaptam [1] v [2];
PO — HapyxHoe paBneHue, MMa.
A.1.3.2.4 MNpepactaBneHve 06nacTn TeKy4eCTU B 3aBUCMMOCTM OT 3DEKTUBHOIO HanpsxeHns
[na ynpouweHusa opmMyny AnA TeKyYeCTU MOXHO NpefcTaBuTb B BUAE 3aBUCUMOCTU OT ap(PeKTUBHOIO Hanpsxe-
Hus oeff, MMa, onpegensiemoro no cregywouwen dopmyne

Pid2 - PaD2
ceff = °a d2 _d2 (A.22)

r4e o a— COCTaB/ALLan OCEBOr0 HanpshXeHus, He Bbl3BaHHasA n3rmbom, MMa;
Pi — BHyTpeHHee pgaBnexune, MMa;
d — BHyTpeHHuin gnameTp Tpybbl, paBHblii (D - 2f), mm;
D — HOMWHanbHbIA HapyXHbIi gunameTp TpyObl, MM;
t — HOMWHa/bHasA TO/IWMUHA CTEHKN TPY6bl, MM;
PO0— HapyxHoe paBnieHue, Mla.
B atom cnyyae akBuBasieHTOM dhopmysbl (A.11) 6yaeT aBnAaTbCcA popmyna

12 3(Pj - Pof D4
A.23
Jeff (D2 - d2)2 ( )

rae oy — npefen TekyyecTu nMpeAcTaBUTENbHOTO o6pasua npu pacTskedun, MMa, Ans KOTOPOro rpadgmueckoe npea-
CTaB/ieHNe 3TON (POPMy/ibl UMEET BUA OKPYXHOCTU (PUCYHOK A.3);

MpumevyaHunsa

1Mo ocn X — et

[7 D2 p' P
2Moocn ¥ - V3 D2_ 4. m

PucyHok A.3 — KpuTtepuii TekyuecTn no ooH Musecy B 3aBUCUMOCTM
OT 3PhEKTUBHOIO HaNpPsHXEHUs Npy OEeACTBUM BHYTPEHHEro U HapYyXHOro AaBfieHuit

oeff — adpcpekTnBHOE Hanpsixenve, MIMa;

P — BHyTpeHHee gaBneHue, MlMa;

PO — HapyxHoe pasneHue, Mla;

D — HOMUWHaNbHbLIA HapyXHbI gnameTp TpyObl, MM;

d — BHYTPEHHMWIN gnameTp Tpy6bl, paBHbid (D - 2f), mm;
t — HOMWHa/bHasa TO/WMUHA CTEHKU TPYy6bl, MM.
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A.1.3.3 OrpaHuvuennn n gonywieHuns

A.1.3.3.1 Obwme nonoxeHusi

®opmynbl (A.6) n (A.7) 0OCHOBaHbI HA NPUBEAEHHLIX Aanee AOMyLWeHUsAX:

a) KOHUEHTPUYHOCTb W OKPY>KHOCTb MONEPEYHOTO CeYeHUs Tpyobl.

$opmynbl ANA paguanbHbIX U TAHrEHUWAanNbHbIX HAaNPsHKeHUH, n3rmba n KpyuyeHusa npegnonaraiT, YTO CevYeHue
Tpy6bl COCTOMT M3 HAPYXHOW U BHYTPEHHEN OKPYXXHOCTEN, KOHLIEHTPUUHBIX U UMEIOWMX NPaBUNbHYIO HopMYy;

b) nsotponHasa Teky4ecTb.

Mpeaen Teky4ectn metanna Tpyd npegnonaraeTca He 3aBUCSLLMM OT Hanpasnewus. [NpeanonaraeTcs, YTO CBOW-
CTBa NPOAONbHLIX U NONepeYHbIX 06pa3uLoB MASHTUYHEI, OHWU 06124al0T OAMHAKOBLIMM MOAYIISIMM YTIPYroCcTH W npepena-
MU TEKYHEeCTW MpU PacCTSDKEHUMU U CXKaTu;

C) OTCYTCTBME OCTATOYHBLIX HAMPSHKEHUN.

Mpy onpeaeneHMn BO3HMKHOBEHUA TEKYYECTU NPeanonaraetcsl, YTo OCTaTOMHLIMU HAMPSKEHWSIMU OT MPOU3BOA-
CTBEHHOTO npouecca MOXHO npeHebpeub;

d) HEYCTONYMBOCTb MONEPEYHOIO Ce4eHUs (CMATUE) N NPOAOIbHAA HEYCTOWYMBOCTL (BLIFHYTOCTD).

Mpu P, > P; BO3MOXHO CMAITUE NONEPEYHOrO CEHEHUS U3-3a NOTEPU YCTOWHMBOCTU ewe A0 BO3HUKHOBEHWA TeKy-
yecTn. Cnyyan cmatus, Korga HapyxHoe gasneHne Gonblie BHYTPEHHEro, CM. B pasgene 8. AHanorn4Ho nNpu G < 0
BO3MOXHA BbIFHYTOCTb TPYObl KaK KOMOHHLI 40 BO3HUKHOBEHUSI TEKYYECTU, U M3MBaowme HaNPHKeHUs1 OT BbIMHYTOCTH
HeobX0AUMO YUUTLIBATL NPU NPOBEPKE Ha TEKy4eCTb.

A.1.3.3.2 YgnuHeHne nog Harpyskomn, Npu KOTOPOW onpegensiercs npegen Teky4ectu

YanuHeHne nopa Harpyskow, MpuU KOTOpoW onpeaensoT npeaen tekydectn no FOCT P 53366, OCT P 54383,
FOCT P ISO 3183, ana Tpy6 ¢ 3aAaHHbIM MMHUMANBHBIM Npeaenom Tekyyectn 655 MlMa n meHee, npuHATO paBHbiM 0,5 %.

YanuHenne nog Harpyskow, Npyu koTopon onpegensetca npegen Tekydectu no FOCT P 53366, NOCT P 54383,
FOCT P ISO 3183, ana 1py6 ¢ 3agaHHbIM MMHMManbHBIM Npeaenom Tekydectn bonee 655 Mla, onpegensiot ¢ nomo-
WkIo cnegytowen hopmynsl

Eymn = 0 +0,002, (A.24)
rae &yymn — Aedopmauusi, COOTBETCTBYIOWAN 38AaHHOMY MUHUMANBHOMY Npeaeny TekyvecTw,
Oymn — 384aHHBLIN MUHUMANbHBIA NPEAen Teky4ecTn Npu pactskeHun, MMa;

E — wmopgyne KOwHra, dns daHHo20 pacvema npuHambild paeHeim 193,0 Ma.

PacuetHoe 3HaueHue €, okpymsor Ao Gnuxariwmx 0,005.

A.1.4 dopmyna NPOEKTHON TPeXMEePHON TeKy4eCTH! Tena TpyOobl

bopmMyny NPOEKTHOW TPEXMEPHON TeKy4yecTW BbIBOOAT M3 BCex obWmx u yrnpouweHHbix dopm dopmynbl (A.7) co
cnegyrowyMy N3MEHEHUSMM:

a) B dopmynax (A.1) u (A.2) ans pacyeTa paguanbHbIX U TAHFeHUMANbHbIX HANPSKEHWI { 3aMEHSIIOT Ha Ky, f, UTO
Hepgonyctumo ans dopmyn (A.3) n (A.5) ans pacuera OCeBbIX HAMNPSKEHUA U HAMNPSIKEHUS KPYYEHUST;

b) ©y 3aMeHAIOT HA Oy,

HasHaveHne dhopmynbl NPOEKTHOW TPEXMEPHOW TEKYHeCTH — OonpeaennTb HanpsikeHHOoe COCTOAHWE, NPUBoas-
Lee K TEKy4eCcTM meTanna Tpyb B crnyyae HauxygLumx CBOMCTB 3TOrO MeTanna, T. €. MPY MUHUManNbHO AONYCTUMBbIX 3HaYe-
HWSIX 3TUX CBOWCTB. TONWWHY CTeHku Tpybbl BCeraa NPUHUMAIOT PaBHOW MUHWMAnNbHO JOMYCTUMON TONWWHE CTEHKW Npw
3KCLeHTpMCHTETE, SIBNSIIOWEMCsl eCTeCTBEHHEIM (DakTOpOM npouecca npoussoactea Tpy6.

A.2 ®opmynbi llame BO3HMKHOBEHMSA TeKyvyecTu Tena Tpy6bl B cny4ae, Korga HapyxHoe gasneHue, narmé mn
KpY4€eHHne paBHbI HYMNO

A.2.1 O6wme nonoxeHns

dopmynbl Jlame Ans paguanbHbIX U TaHFEHUMAlbHbIX HANPSXXEHWI OCHOBaHbl Ha (hopmynax TPEXMEpPHOro paBHoO-
BECUs! MOMEpPEeYHOro ceveHust Tpybbl B COCTOSIHMM NMHENHON ynpyrocTu. Mockonebky 310 hopMynbl Ans TPEXMEPHOTro
n3amepeHusi, To oHM obecneunBaloT Hanbonee TOUHLINM pacyeT HanpshkeHun B Tpy6e. [lanee paccMmoTpeHbl ABa BMAaA
Takux chopmyn: ans Tpyb ¢ OTKPLITLIMU TOPLAMK, C OCEBLIMU HAaNPSHKEHUAMM, PaBHBIMW HYNIO, U Ans Tpy6 ¢ TopueBbiM
YMITOTHEHUEM, C OCEBbLIMU HAMNPSBKEHUSIMU OT OENCTBUA BHYTPEHHETO OABMEHUS HA TOPUEBOE YMNIOTHEHUE.

A.2.2 ®dopmyna npegenbHbIX 3HAYEHUA TeKy4YeCcTHN Ans TPy6 ¢ TOpUeBbIM yNNOTHEHVEM

BO3HMKHOBEHME TEKYYECTU B TONCTOCTEHHbIX TPyBax ¢ TOPUEBLIM YNNOTHEHMEM ABNSIETCA 0CODOLIM criyyaem chop-
myn (A.6) n (A.7), korga OTCyTCTBYIOT HapyXHoe AaBnenve, usrnb n kpydenne. OceBoe HanPsPKEHUE CO3[AETCA TONBKO
OelCTBUEM BHYTPEHHETO AAaBIIeHUsl HA TOpLUEBoe ynnoTHeHne. B aTom cnydvae adpekTMBHOE HaNPSHKEHNE PABHO HYMIO
[em. dopmyny (A.22)].

BHyTpeHHee JaBrneHue BO3HUKHOBEHUSI TEKYHECTU B TONCTOCTEHHON Tpy6e ¢ TopLeBbiM ynnoTHeHUeM Py, ., MlMa,
BbIUMCISIIOT NO cneayiouein dopmyne

oy(D?-d?)

PyLc = — G0 (A.25)
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rae o, — Mpepern Teky4ecTn npejcrasuTensHoro obpasua npu pactsbkennn, Mla;
D — HOMUHanbHbIA HApPYXXHbIN guameTp TPyObl, MM;
d — BHyTPeHHWI gnameTp TpyObl, paBHbiit (D — 2f), Mm;
{ — HOMMHanbHasi TONWWHA CTEHKN TPYObI, MM.
Ha cdopmyny (A.25) pacnpocTpaHsiloTcsl Te e AonyleHuss u orpaHnyenunst (cm. A.1.3.3), koTopble OTHOCATCA K
Gonee obwel hopmyne, U3 KOTOPOW OHa BbiBeaeHa.
B dopmyne (A.25) He yuTeHO OCEBOe pacTshKeHMe, NOCKOSIbKY OHO CO3[aeTcsl BHYTPEHHUM AaBNeHWeM Ha Topue-
BO€E ynnoTHeHue Tpy6. B Bonee obwem cnyyae, korga 0ceBoe HarnpsbkeHWe co3aaeTcsl UHbIMK hakTopamn, OHO y4UTbIBa-
eTca KpuTepueM TpexmepHomn TekydecTu no cdopmynam (A.6) n (A.7).
A.2.3 dopmyna npoeKkTHON TEKY4eCTH Ans TPYO € TOpLEBbLIM YIMIIOTHEHNEM
$opmyny NPOEKTHOW Teky4ecTu Ans Tpyd ¢ TopueBbIM ynrnoTHeHeM ¢ yuetom chopmyn flame ana pagnanbHbix n
TaHreHuMarnbHbIX HanpspkeHWn BuiBOAsT U3 cdopmynel (A.9) co cnegylowmmMm 3MEHEHUAMW:
a) B hopmynax (A.1) n (A.2) ansa pacyeTa paguanbHbIX U TAHFEHUMANBbHBLIX HANPSHKEHUN { 3aMEHSAIOT Ha Ky, f, UTO
HeponycTumo ans dopmynbl (A.3) Ans pacueta OceBbIX HANPSKEHWN;
b) 6y 3aMEHSIIOT Ha Gymp.
OxkoHuatenbHas copmyna ans pacyeta BHYTPEHHEro AaBrieHUsl BO3HMKHOBEHUSI TEKyHeCTU MeTanna TONCTOCTeH-
HbIX TPY6 C TOpUEBLIM YNNOTHEHUEM Py . MMeeT Bug,

P _ Symn
e = 72 (A.26)

4 4 2,2
3D 4y gt 2d%d2
2 2 2
2 2 2 2 2 2 2 2

A€ Oymn — 330aHHBIA MUHUMAIBHBIA NPEAEn TeKy4eCTn Npu pactsikenum, Mla;
D — HOMUWHanbHbIA HApPYXHbIN agnameTp TpyObl, MMm;
Owall — BHYTPEHHMIA AnameTp TPyObl, paccunTaHHbIN € KO3IMDULMEHTOM Ky, PaBHbii (D — 2kyanf), Mm;
Kpyall — KO3DDMUMEHT, YUMTHIBAIOWMIA YCTAHOBNEHHOE MpefernbHoe OTKIIOHEHWE TONWWHBI CTeHKU Tpybbl, pas-
Heih 0,875 gns npegenbHOro OTKNOHEHWUs MUHYC 12,5 %;

{ — HOMMWHanbHasi TOMuUMHA CTEHKU TPYObI, MM;

d — BHYTpeHHWUI gnameTp Tpy6bl, pasHbiv (D — 2f), mm.

CnegyeT 06paTuTb BHUMaHWe Ha TO, YTO UCNONb3OBaHWE Pa3HOW TONWMHLI CTEHKU AN pacqeTa ¢ OfHON CTOPOHbI
paguanbHbIX U TaHreHUUanbHbIX HaNpPsKeHU, a ¢ ApYron CTOPOHbLI OCEBbLIX HAMPSPKEHWUI UCKIIOHaeT BbIBOA 3TOW pac-
YeTHOW (hopMyrbl HemocpeacTBEHHO M3 dopmynbl (A.25).

A.2.4 dopmyna npeaenbHbIX 3HAYEHUIA TeKyYeCcTH Tena Tpy6bi € OTKPbITLIMY TOPL@MN NPY OTCYTCTBUWN HapPYX-
HOrO A3BMeHUs N 0CeBOW Harpy3ku

BoO3HMKHOBEHWE TEKy4eCTU B TONCTOCTEHHbIX TPpyBax ¢ OTKPbITEIMKM TOpLAMM SBNSeTCs1 0cobbim crnyyaem dopmyn
(A.6) n (A.7), korga OTCyTCTBYIOT paBHOMEpHas OcCeBasi Harpyaka, HapyxHoe JaBrneHvie, usmb u kpyderune. B atom cnyqae
BHYTPEHHEE JaBrieHne BO3HUKHOBEHUSI TEKYyHYeCTW B TONCTOCTEHHOMN TpyGe ¢ OTKpbITbIMM Topuamu Py, MIa, BbrMncns-
10T Mo crieaytoLlen hopmyne

Oy (Dz—dz)

Pylo = ———3
(30%+ d4)1/2 (A.27)
rae oy — Mpejen Teky4ecTn npeacTaBuTeribHOro obpasua npu pactsxeHuw, Mrla;
D — HOMMHanbHbIN HAPYXHBIN anaMeTp Tpybbl, MMm;
d — BHYTpeHHUIA anameTp TpyObl, paBHbIv (D — 21), Mm;
{ — HOMMHarnbHas TOMNWMHA CTEHKU TPYyObI, MM.
Ha copmyny (A.27) pacnpoCTpaHsIloTes Te xe AoNyWeHUs n orpaHuyeHust (cm. A.1.3.3), koTopble OTHOCATCA K
bonee obuwel opmyne, U3 KOTOPON OHA BbiBeaeHa.
B Gonee obuem cnydae, korga 0CeBOe HamnpshkeHue He PaBHO HYMI0, OHO YYMTHLIBAETCA KPUTEpUEM TPexXmepHOM
TekyuecTn no popmynam (A.6) n (A.7).
A.2.5 dopmyna npoeKTHOM TeKy4eCcTHU Tena TpyObl ¢ OTKPbITLIMU TOpLAMW NPU OTCYTCTBMU HAPYXHOro aaene-
HWUA N OCEBOMN Harpy3Kkun
GopMyny NPOeKTHOW TekydecTn Tena Tpy6 ¢ OTKPbIThIMM Topuamu ¢ yuyetom copmyn Jlame gnsa paguanbHeiX u
TaHreHUManbHbIX HaNpPsKEHWI BbIBOAAT Ha ocHoBe hopmynbl (A.9) Co crneayrowyMm N3MeHeHNAMU:
a) B dhopmynax (A.1) n (A.2) ana pacyeta pagmanbHbIX U TaHFeHUManbHbIX HANPSPKEHWI | 3aMeHAIoT Ha Kyqp §
b) ©y 3aMeHAOT Ha Oy,
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OkoHuatenbHas dhopMyna ans pacHera BO3HUKHOBEHWS] TEKYHYECTU B TONCTOCTEHHbIX Tpybax ¢ OTKPbITbIMK TOpLa-
Mu PiyLo, MMa, nmeet Bug,

2 2
Oymn (D - dwa]l)

vz A.28
(3D4 gt ) (A.28)

PiyLo =

wall

rae Oymn — 384aHHBIA MUHUMATIBHBIN NpeJen TeKyvecTn npu pactsbkenuun, Mra;
D — HOMWMHAnNBHBLIN HAPYXHbIA AnameTp TpyObl, MM;
Gyall — BHYTPEHHUIA OMaMeTp, PACCHUTaHHbBIN C KO3MMULNEHTOM Ky, PaBHbIN (D — 2k,q 1), MM;
Kyall — KO3MMULNEHT, YyUNTHIBAIOWMIA YCTAHOBMNEHHOE NpPeAeribHOe OTKIIOHEHUE TONWMHBLI CTEHKM TpyObl, pas-
Hei 0,875 gns npegensHOro OTKMNOHeHus1 MUHyc 12,5 %;
{ — HOMMHanbHas TOMWWHA CTEeHKU TPyObl, MM;
Mockonbky B chopmyrie (A.28) oceBast Harpy3ka OTCYTCTBYET, TO BO3MOXEH BbIBOZ 3TOW pacqeTHOW dopmynsl (A.28)
HenocpeacTBeHHO u3 dopmynel (A.27).
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MpunoxeHne B
(cnpaBo4HoOe)

PacueT paBneHua nnactu4eckoro pa3pyLlleHuna

B.1 O6wue nonoxeHunn

Mpu BbIBOZE chopmyn Ans onpegerneHns CTOMKOCTW TpyS K BHYTPEHHEMY AABMEHWIO pasnuyaloT BO3HUKHOBEHUE
TekydecTu (npunoxenne A) u paspylueHvre Tena Tpybbl, KOTOpoe MOXeT OblTb NNacTUHECKMM (BA3KMM) UMM XPYMKUAM.
B 1abnuue B.1 npuBedeHsl xapakmepucmuku paspyweHus nod Oelicmeauem 8HYMpeHHe20 0asneHus.

Tab6nwuuya B.1— Xapakmepucmuku paspyweHus nog, AeNCTBUEM BHYTPEHHEro AaBnexnsi

Bud paspywenrus XapaktepucTuka MNpunoxenue, B KOTOPOM
npuseneH pacyem
Mnactuueckoe paspy- PaspyLieHure Tpyb B MHTEpBane nnactuyeckux aecop- Hactosiwee npunoxe-
leHne Mauui, xapakTepHbiX Ans Tpyb ¢ 4OCTaTOuHOW U yCTON- | Hue

YMBOW BA3KOCTBIO paspyLleHusl B cpeae, B KOTOPON OHU
3KCMMyaTUpYyLoTCA

Xpynkoe paspyuieHue Paspywenne Tpy6 B pesynsrate pacnpocTtpaHeHust Mpunoxenne D
TpeLluHbI

B.2 NMnacTtuyeckoe paspylueHmne Tena TpyGbl

B.2.1 O6Lwime nonoxeHns

Mo dhopmynam NpOEKTHOrO AaBIEHWA MNACTUHECKOrO paspyweHns onpeaensior hakTuyeckoe paspylueHne Tena
Tpy6bl Nog ASUCTBMEM BHYTPEHHEro AaBneHus, a opmynbl TpEXMEpPHON TekydecTu (npunoxeHuwe A) OTHOCSITCA K BO3-
HUKHOBEHUIO MracTnyeckor aedopmMaummn, a He K notepe UenocTtHocTn Tpybel. Mo dopmynam nNpoekTHOro AaeneHus
NIacTMYECKOro paspyLleHns onpeaensiioT cnocobHOCTL TpyObl BhigepXVBaTh BHyTpeHHee AaenexHne 6e3 notepu repme-
TUYHOCTU.

OTn hopmynbl NMpUMEHUMbI TONMBKO B TOM Criydae, korga metann 1pybel obnagaer B gaHHOW cpeae [OCTATOYMHO
BbICOKOW BSI3KOCTBIO, MPEBbILLAtoLLE MUHUMATBHYI0, Tak YTo Aedopmaums Tpybbl B AaHHON cpeae HOCUT NNacTUYECKUH,
a He XpYNKWii xapakTep Aae Mpu HanvyuuM He3HauUTErNbHbIX HECOBEPLLEHCTB.

dopmMyIbl NPOEKTHOrO AABNEHUS MITACTUHECKOTO pa3pyLUeHUsT YUUTHIBAIOT MUHMMASBHYIO ONYCTUMYIO TOMLIUHY
CTEHKU W HApYXHbIW AnameTp TPyObl, MakCcUMarbHylo rmybuHy HECOBEpPLLUEHCTB, HEBLISABMNEHHbIX CUCTEMOW KOHTPOIS,
BSI3KOCTb paspylleHus u gedopmaLnoHHOe YNpoYHeHue meTanna, npegen npodHocTu Tpy6ul. MNpegen Tekydectu He
0Ka3bIBaET HeMnocpeACTBEHHOIO BIWSHWS Ha [AaBMNeHUe MiiacTUYeCcKOro pa3pyweHus, HO BUAET Ha KO3dUUMEHT yn-
poYHeHus ki,

GopMynbl NPOEKTHOro JABNEHUS MITACTUHECKOTO paspyLweHus MoryT 6biTh BbiBEAEHbBI HA OCHOBE MEXaHUKN PaBHO-
Becusl TpyObl B coMeTaHUM ¢ MOAENbIO NNacTUYHOCTK TpyObl M MOAENbIO BIMAHUA HeCoBepLeHCTB. BriBog dhopmyn He
BXOOUT B 06nacTb NpMMEHEHWs HacTOSLWEro CTaHgapTa, a NpuBeaeH B AokymeHTax [21] n [22].

bopmMynbl NpegenbHbIX 3HAYEHWIA JaBMeHUs NNacTUYecKoro paspyLlweHnss u hopmMynbl NPOEKTHOroO AaBneHus nna-
CTUYECKOTO paspyLUeHNsi OCHOBaHbl Ha TPEX B3aWMOCBS3aHHbLIX MOIOXEHUSIX:

a) chopmyne paBHOBECHS MITACTUYECKOTO paspyLueHnst Tpybbl ¢ M3BECTHBIMW GOMyCMUMBIMU MUHUMAIbHBIMU 3HA-
YEHUSIMU TOILLMHBI CTEHKM W HApY>XHOIO AnameTpa;

b) ymeHbWeHWn dornycmumol MUHUMAansHOU TONWMHBLI CTEHKU Ha IMyOWHY HECOBEPLUEHCTB, HEBbISIBNEHHbIX GUCTe-
MOW KOHTPOnS;

C) KpUTEPUN MMHUMATBHOW BA3KOCTU, NMPU KOTOPOM MPOMNCXOAUT MIacTUYecKoe paspyLlueHve.

Ot hopmynbl NpUMEHUMbI Anst TPYD, HaxoasiLMXCs nog AeNCTBUEM OABIMEHWS U OCEBON HArpy3ku, HO He npume-
HVUMbI Ansl onpeaeneHnst CTOMKOCTM TpyG MPW YCTanoCTHBIX Harpy3kax. BbluMTaHne u3 TONWMHBl CTEHKM TPyObl FMyOuHBbI
HECOBEPLUEHCTB W YYeT BA3KOCTU MeTansna Tpyd OCHOBaHbI HA MexaHuKe paspyLUueHWs, KOTOpas CBS3bIBAET U3MEPEHHYIO
BA3KOCTb paspywenus J,. obpa3uos Tpyb ¢ pacyeTHOW MHTEHCYBHOCTBIO HAMPSXEHWI B BepLUMHE TpeLmHbl (J-nHTerpa-
nbl) Kak OYHKUMIO OT rny6uHbl HecoBeplueHCTB. MNMogpobHee — cM. aanee.

HononHuteneHas nHgopmauus npueegeHa B [5] n [23].

B.2.2 ®opmyna npegenbHbIX 3HAYEHUIA AaBreHUsl NNacTUYeCKOro paspyLleHnsa ana Tpy6bl ¢ TopueBbIM yn-
NOTHEeHneM

B.2.2.1 O6wue nonoxeHus

MnacTnyeckoe paspyweHue Tpyd C TOPLEBLIM YNNOTHEHWEM MO AENCTBUEM BHYTPEHHEro AaBrieHWs NponcxoanT
npu JOCTWXEHUW AaeneHus Pg

63



rOCTP 54918-—2012

2kdr tdr Oy
F)IR = D _ tdr ’ (B'1)
rae kg — NONPaBoOUHbIN KO3hDUUMEHT, yunThiBaOWMIA aedopmaumio Tpyb n aedopmalmoHHoe yrnpouHeHne meTtanna,
paHbii (0,5)K*1+ (173 )yn+1;
kp, — ko3hdUUMEHT yNPOYHEHUS AN KPUBOW MCTMHHOMO HanpspkeHus-gedopmaumm, noryyeHHon npu ucnbita-
HWW Ha OAHOOCHOEe pacTskeHue (cm. B.2.3.3);
fy — TOMWMHA CTEHKW, paccyuTbiBaemas no gopmyne
tdr = tmin_ ka a (B.2)

tnin — MWHUManbHas TONwMHa CTeHkn 6e3 y4eTa HeCOBEPLIEHCTB TMNa TPELLUH, MM;

k, — k03tbDULMEHT NPOYHOCTU NPU PaspyLLEHUM, NONyYeHHbIN MO pe3ynbrartam WUCTbITaHuA n pasHbin 1,0 — gna
Tpy6 13 ctanu L80 tun 13Cr nocrne 3akanku u oTrnycka (C MapTEHCUTHOW CTPYKTypol) u 2,0 — ansa Tpy6 nocne
NPOKaTKU M HOpManu3auuu; Npyu OTCYTCTBUM Pe3yrnbTaToB MCMbITaHUA NPUHMMAETCs paeHbIM 2,0. 3HadveHvne
KOatbpMUMEHTA ANA KOHKPETHOTO meTanna Tpy6 moxeT 6blTb YCTAHOBINEHO MpU NMPOBEAEHUN UCMbITAHWS;

a — B topmyne npedenbHbIX 3Ha4eHWt — Haubonblwas dakTuieckas rnybuHa HecoBepLUEHCTBA TUNA TPELWWHBL;
B ¢hopMyrne MPOEeKTHLIX NpedenbHbIX 3HaYeHWn — MakcumanbHas rnybuHa HecoBepLIEHCTBa TUNA TPELUWHBI,
HEBbISIBTEHHOIO CUCTEMOW KOHTPONS;

C, — npefen NpoOYHOCTW MPW PaCcTsXKEHUW npeacTaBuTenbHoro obpasua, Mla;

D — HOMWMHanbHBIN HapyXXHbIA gnameTp TpyGbl, MM.

Mpuwmedanue—[Ina AaHHON HOPMYIbI UCMOMBL3YIOT PaKTUHECKUE 3HAHEHUS b min, I maxs Dmine Dmaxs Oy» & aves
Dave-

Mpu BbIGPaHHOM 3HaY€HUM Ky, MONYyYalOT cpedHee 3Ha4YeHwe AaBneHus paspyleHns P, NporHosupyemoe no
ycrnoBusim TekydecTn Tpecka u doH Museca gns Tpy6 ¢ TopueBbiM ynnotHeHnem. OHO yunTbiBaeT gecdopmaunoHHoe
ynpoYHeHne meTanna u gedopmaumio Tpybel BNNoTh A0 paspyLlleHust.

B.2.2.2 Mpegnoceinkn hopMynbl NpedernbHbIX 3HAYEHWI

dopmMyna npeaenbHbiX 3HadveHui (B.1) ocHoBaHa Ha MexaHuke paBHOBecusl TPYD C TOPUEBLIM YNNOTHEHWUEM,
HaxoJAWMXca Nog OerNCTBMEM BHYTPEHHEro AaBreHus], ¢ y4eToM AedopMaunoHHOro ynpoYHenus. 3t1a dopmyna 6eina
BbIGpaHa na wectn cdopmyn (B.28)—(B.33), pesynkrathl pacyeTa no KOTOPbIM CPaBHUBANMW C pe3ynbTataMu paspyweHus
nonHomaclTabHbIX 06pa3uoB TPy6 WMPOKOro psiga rpynn NPOYHOCTM M OTHOWeHuN D/f. dopmynbl U MOAENW NnacTuyec-
KOrO pa3pyLUeHUsl, CMONb30BaHHbIE ANsl UX OLEeHKW, npueegeHsl B B.3. Mo komBuHauMm Kaxaon M3 LecTu Mopenen u
MaCCVBa AaHHbIX pe3ynbraThl CPABHEHWUsI BbipaXanucb B OpMe CPegHero 3Ha4veHusl, CpeaHEeKBagpaTuYHOrO OTKITOHe-
HUSA U KO3hDMLUMEHTA Bapuaumy OTHOLEHMSA (DaKTUHECKOro U pac4eTHOro gaeneHuii ucnoitanus. @opmyna (B.1) pana
HanbonbLLyo 06LLYI0 TOYHOCTL A Pa3HbIX MACCHMBOB AAHHBIX, cpegHee 3HadveHune 1,004 n koadbdmumeHT Bapuaumm 4,7 %.

Cpeau pesynbTatoB WUCMbITAHWA, NCNOMB30BaHHbLIX A4S KOPPEKTUPOBKM (HOpMYynbl paspylueHusi, He Bbino ecte-
CTBEHHbIX HECOBEPLUEHCTB OCTPON (DOPMbI, HACKONBKO OHW MOFMM ObiTh BbISIBNEHLI. OTO BMOMHE MOHSITHO, ECIN YUNTbI-
BaTb 4acCTOTy MOSIBMEHUs TaKMX HECOBepLeHCTB B TpyBax, nodsepraemMblx KOHTponto. Takke B ¢hopmyrne npeaernbHbIX
3Ha4YeHWUl cHa4ana He yYuTbIBanocCb Hanu4ne HecoBeplieHcTB. OgHako B ganbHenwem dopmyna npegernbHbIX 3Have-
HWI Bblna obobLweHa, B Hel BbINo y4TeHO AeNCTBME HAPYXXHOFO AABMEHWA U OCEBOro CXaTWUs UMK pacTsbKeHus1, oTnuvya-
toweecs OT YCroBWi gnsi Tpyo ¢ TOPLEBLIM YNTOTHEHWUEM, & TakKe Hann4mMe HeCOBEPLUEHCTB OCTPOI (hOPMbl, HEBLISIBIEH-
HbIX CUCTEMON KOHTpons. OnucaHne ponu HeCOBEPLIEHCTB B hopMyrne AaBMEHWS NnacTUyYeckoro paspyLueHusi NpuBene-
Ho B B.4.

$Popmyna npegenbHbIX 3Ha4veHui (B.1) yunTeiBaeT nonpaeky Ha rnybuHy Hanbonbliero hakTMYeckoro HecoBep-
weHcTea Tpy6. Kpome TOro, CcyLuecTByeT BEPOSTHOCTb M3rOTOBNEHUA TPY6 C HECOBEPLUEHCTBAMU Y MUHUMATbLHOW TOMWU-
HOWM CTeHKU. Ecnn dopmyny npeaenbHbIX 3HAa4YEHWI NCMONBL3YIOT B pacHeTe JaBNeHUs1 paspyLueHust NpU 4eTEPMUHUCTU-
YeckoM nogxoge, To npwv atom npegnonaraetcs 100%-Hoe Hanuune HecoBeplEeHCTBa OCTPOI hopMbI IMyOUHON, paBHOM
YPOBHIC NMPUEMKMW.

Ecnun copmyny npegeneHbix 3HaveHuii (B.1) ncnonb3aylot ans pacyeta AaBreHUst pas3pyleHnsl NpyU BepOsiTHOCT-
HOM MoAxoAe, TO pacqeT AOMKEH YYMTbIBaTb YacTOTy MOSIBNEHUS HECOBEPLIEHCTBA OCTPOK hOPMbI U pacnpeaeneHue
3Ha4YeHUn ToNwUHbLI cTeHkn. AHanu3a no B.4 nokasan, yYTto pegko BCTpevaloweecs HeCOBEPLLIEHCTBO MyOuHOIN, paBHOM
YPOBHIO MNPpUEMKHN, OKa3biBaeT bonee 3HauuTenbHOE BNUSIHWE HA AaBneHne paspyuweHusi, Yem 4acTo BCTpevaroueecs
HEeCOBEPLUEHCTBO MeHbLuel rmybuHel. Mo 3Tol NpuuMHe NpUMeHeHne BEpPOATHOCTHOTO MOAXoAa Ansl pacyeTa paspylue-
HWUS NPEANOYTUTENBHO NPU HANVYUW PEAKO BCTPEYAIOLLMXCH HECOBEPLUEHCTB rMy6OuUHON, paBHOW YPOBHIO NPUEMKU.

Tam obpasom, dopmyna npegeneHbIX 3HaveHwi (B.1) gonxkHa Bcerga BkoYaTk Nonpaeky Ha rnyouHy HecoBep-
LIEHCTB, a hopMyrna npeaernbHbIX 3HAYEHUA NMPU BEPOATHOCTHOM NMOAXO0AE AOINKHA YYUTBLIBATh YacToTy, C KOTOPOW MOryT
BO3HMKaTb HECOBEpLUEHCTBA OCTpon hopmbl. [pu geTepMUMHUCTMYECKOM NoAXoAe B pacuyeTe AaBIieHUs1 paspyLUueHust
YacToTy NOSIBIIEHUsSI HECOBEPLLEHCTB rMyOGUHON, paBHOW YPOBHIO NPUEMKW, NpuHuMaloT pasHor 100 %. Mpu BeposiTHOC-
THOM noaxo[e B pacyeTe AaBNeHWA paspyleHuss YactoTa MnosiBIlieHUusi HECOBEPLWEHCTB AOIMKHA 6bITb npuHATa no pe-
3ynbrartam KOHTpornsi Tpy6, KOTopble yxe nogsepranucb KOHTPOIO JAHHOW CUCTEMOM KOHTPONS.
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B.2.3 fonyweHns n orpaHnveHmns

B.2.3.1 Obwme nonoxeHus

®dopmyna (B.1) ocHoBaHa Ha npuBefeHHbIX B B.2.3.2 n B.2.3.3 gonyweHusx.

B.2.3.2 [octatouHasa BA3KOCTbL MeTanna

Ins Toro uto6bl hopmyna (B.1) 6bina npumeHnma, BA3KOCTb MeTanna Tpybbl AomkHa ObITb HE HUXKE YCTaHOBNEH-
How B TOCT P 53366 v B gononuutensHom TpeboBanun SR16 NOCT P 53366.

XoTs1 ocHOBHOW BbiBoA chopmynbl (B.1) He 3aBucUT OT opMbl KPUBOW HanpshxeHne-gedopmaums, B OKOHYaTenb-
HoW copMyrie npeanonaraerTcsi, YTo KpUBasli ICTUHHOE HanpsbkeHue-gedopmMaums MoxXeT 6biTb COOTBETCTBYIOWMM 06-
pasom noctpoeHa anst 6onee 3HauMTenbHbIX Aedopmaumi, npubnuantensHo oT 2 % Ao Aedopmaummn, BO3HMKAIOLWEN
nNpy MakcMMarnbHOW Harpyske, B BUufe crefyioleil 3aBUCUMOCTU OT MCTUHHOTO HaNPsKEHWA O

o = Celh, (B.3)

h
me C = (217(:8) oy (B.4)

ki, — k03OPUUMEHT yNpoYHEHUs1 AN KPUBOW UCTUHHOIO HanpsbkeHus-aecdopmaumy, nony4eHHOW Npu UCTbITAHUN
Ha OHOOCHOe pacTsikeHue (cm. B.2.3.3);
Oy — npejern NpoYHOCTU NpU pacTskeHUW npeacTaBuTensHoro obpasua, Mlla;
€n, — norapucdmuydeckas gedopmauus.
B.2.3.3 KoadmumeHT ynpoyHeHusi anst KPMBON UCTUHHOTO HanpsbkeHusi-aedopmaumm
Ha obpa3sue 13 matepuana, gns KOToporo npMMeHumMa 3aBUCMMOCTb MCTUHHOE HanpshkeHue-gedopmaums [cdop-
myna (B.3)], npy ucnbiTaHMM Ha OAHOOCHOE PaCTSKEHWE MPU MaKCMMAarbHOW Harpyske onpegensercs norapudmmyec-
kasi gecdopmaums kak k,. OnTumarnbHbiil MeToa onpeaeneHust ki, 3aknioyaeTcsl B NOAroHke hakTUHeCcKon KPMBOW UCTUH-
Hoe HanpsikeHve-gedopmaumst nog dopmyny (B.3) B uHTepBane gedopmauuii B NpoueHTax 4o gedopmaumm, BO3HUKA-
IOLLEN NPy MakcumarnbHOW Harpy3ke. MoxHO Taicke npubnuantensHo onpeaenutb ki, Kak caktuHeckyto norapmgmmnyec-
Kylo gedopmaumio, COOTBETCTBYIOLLYIO MAKCMMAIIbHON HAarpy3ke Mpu UCTBITAHMU HA PacTsPKeHWe, XOTA 3TO U MeHee
TOUHbIN MeToZ. Ecnn nasecteH koaduuueHT AedopMannn £qng NPYM MaKCUMANBHOW HArpy3ke, TO noraputmuyeckas
gedopmaums g, COCTaBrnsieT:

€n=1In (1 + geng), (B.5)

rge €, — norapudmudeckas gecdopmaums;
Eeng — KOAPHULMEHT fedhopmauuu.

OTHOCUTENbHO Monorasi hopma KPUBOW HanpsikeHne-gedopmaumns B 30He NNACTUHHOCTY Arist GonbwMHCTBA rpynn
NPOYHOCTU TPYD HEDTAHOTO U ra3oBOro COPTaMEHTA 3aTpyaHAET onpeaeneHue ki, 3TM meTogoMm. B kauecTee elne ogHol
aneTepHaTMBLl NPU OTCYTCTBUM MHGOPMaUMM O 3aBUCUMOCTU UCTUHHOE HanpskeHue-aecdopmaums pekoMeHayeTcs
ucnonb3oBaTb 3HaveHus ky,, NpuBeaeHHsle B Tabnuue B.2.

Tabnuuya B.2 — PekomeHayeMble KOSMMUMEHTBI YNIPOYHEHWA Ans hopmynbl
MPOEKTHOTO JABMNEeHWA NNacTUHYECKOro paspylleHust

[pynna npovHocTH Ky,

H40 0,14

J55 0,12

K55 0,12

M65 0,12
K72 0,11

N80 0,10

L80 tmn 1 0,10
L80 tun 9Cr, L80 tvn 13Cr 0,10
Cao 0,10
R95 0,09

T95 0,09
P110 0,08
Q125 0,07
Q135 0,06
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Ecnn rpynna nNpo4YHOCTU Martepuana HeW3BecTHa, HO Martepuas He NnoaBepraeTcs 3HAUUTE/IbHOMY YNPOUHEHMUIO,
TO KO3(PPULMEHT /ch MOXHO ONpeaennT MeToA0M KOPPensiuyMn no pucyHky B.1. Ycunus, 3aTpadeHHble Ha onpepesieHve
kh, 4O/MKHbI YUNTbIBATH TO, UTO A/151 06bIYHBLIX TPY6 HE(DTAHOIO M ra30BOr0 copTaMeHTa opmysa AaBNeHUs NAacTUYecko-
r0 paspylleHusi Masio YyBCTBUTE/IbHA K 3TOMY KoadpuumeHTy. OfHaKo Npu UCMofb30BaHWU Matepuasna co 3HauuTe lb-
HbIM YMPOYHEHWEM, TAKOTO Kak ABYX(a3Hble CTasn, He06X0AMMO ONpPeae/nTb Kb TOYHEE, YTOObI N36EeXaTh 3aBbllLEHHbIX
3HAYEHWI NPOEKTHOI CTOWKOCTM K MAacTMieckoMy paspylueHuio. [ns Takux MaTepuasnos 3HadeHus kh moryt gocturath 0,30.

MpumeyvaHnsa

1 Mo ocn X — nM3MepeHHOe 3HauyeHue npepgena Tekyydectun, Mla.

2 Mo ocn Y - kh.

3 O6paboTka 3KCNEepPUMEHTasbHbIX AaHHbIX METOAOM HaumMmeHblWX KBagpaTtoB paeTt npamyio kh = 0,1693 -
- 1,177- 10-4 oy, npn koachcuymerHte Bapuauun 0,10, rae /ch — ko3P PUUNEHT YNPOUYHEHUA OIS KPUBOW MCTUHHOTO
HanpsxeHua-gedopmaunn, noayvyeHHoOW Npu UCMbITAHUM Ha OLHOOCHOE pacTaXeHue; oy — npefesn TekyyecTu npepg-
cTaBuTeNbHOro obpasua npu pacTsXKeHUw.

PucyHok B.1 — Koppenauus mexay 3HadeHusiMu KoadpduumeHTta /rh n TMNUYHbIMK
aKcneprMeHTalbHbIMU AaHHbLIMU ANA CTanei rpynn npo4HocTu no Ttaénuue B.2

KoadppmumeHT /ch okasbiBaeT cpaBHUTENbLHO He3HauuTesbHOe BAusHMe Ha PiR, HO npeHebperatb MM He cnepgyer.
Mpwn /ch, paBHoM 0,12, nameHeHmne /ch Ha 14 % NpMBOAUT K MU3MEHEHMIO NPOTrHO3NPYEMOrO AaBneHus paspyweHus Ha 1 %.
[Ba maTepuana moryT o6nagatb O4MHAKOBLIM MpeAesioM NPOYHOCTW, HO ecnn y ogHoro matepuana /ch paseH 0,12, T0o
€ero CTOMKOCTb K NjacTM4eckoMy paspylueHunto bygeT Ha 4 % Huxe, yeM y apyroro marepuana c /ch, pasHbim 0,06. Mpu
Bbl6bope 3HaueHusa /ch ona maTtepuana Tpyd HemTAHOro M rasoBOro coptaMeHTa Mpy OTCYTCTBMU 3KCMEPUMEHTasbHbIX
AaHHbIX oueHka fch ¢ cnonb3oBaHWEM 3a[aHHOr0 MWHUMANbHOIO npegena TekyyecTu Npu pacTsHKeHWM Oynn AOSHKHA
OblTb OCTOPOXHOIA.

B.2.4Y4yeT BIMAHNA OCEBON0 PaCTSXEHUA U HAPYXXHOIO AaB/ieHus

B.2.4.1 O6wue nonoxeHus

dopmyna (B.1) gna pacueTta faBneHns naacTMYeckoro paspylieHus BbiBedeHa Ansa Tpy6 ¢ TopuesBbiM ynaoTHe-
HVEeM, OCeBO€ pacCTsHKEHMEe KOTOPbIX Bbl3blBAETCH TOMbKO BHYTPEHHUM JaBfieHWeM, AeNCTBYIOLWMM Ha BHYTPEHHIOW Mo-
BEPXHOCTb TPY6 C yn/AOTHEHMEM. ITO 0cobbIli criyyain 60nee obwein cutyauun, Npu KOTopol B Tpy6e MOXET BO3HUKHYTb
paspyllawuiee mMakcumasribHOe BHYTpeHHee fAaBfeHue, npu OAHOBPEMEHHOM [AENCTBUM CNy4YaWHOro HapyXHoOro gasfe-
HWA 1 CNy4yaliHOTO OCEBOMO PACTSXEHUS UM CxaTusa. 3TN KOMOUHWPOBAaHHbIE HArpysku onpenensoT, korga Tpyba ne-
pelifileT B COCTOSIHME TEKY4YeCTUM W Kakue nnactuyeckue gedopmanmm BO3HUKHYT B HEli K MOMEHTY paspylleHus. Moxer
ObITb HageH hyHAaMeHTaNbHbIA KPUTEPUIA paspyluiatowelri Harpyskn, HO 3TO YXe 6ofiee croxHas 3agada, pewaemas
npu nomowm dopmyn hoH Museca unm Tpecka A1 NOBEPXHOCTU TEKYYECTU B 3aBUCUMOCTU OT OCEBbIX, paAuasibHbIX U
TaHreHUnanbHbIX HanpsKeHWuin.

Kpome TOro, nnactuyeckoe paspylleHue noj AeliCTBMEM AaBfeHua ABAsSeTca npeobnajalolium MexaHu3MoM
paspylweHusa Tpybbl TOMbKO B TOM Cflyyae, Korja OCeBOe pacTSXeHWe He C/IMLIKOM Benuko. lMpu 3HauyuTenbHOM OCEBOM
pacTsHKeHUn U He3HauuTesIbHOM BHyTpeHHeM u36bITOYHOM AaBfeHuu oceBas Harpyska (npegwecTsBylowas obpasosa-
HUIO LWEKN U OCEBOMY paspylleHuto Tpybbl) O6yaeT MakCMMaibHOW ele A0 AOCTUXEHUS MaKCUMaslbHOTO AaBfIEHUS.
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Hanee npueegeHsl hopMynbl pa3pyleHusl nog AeNCTBUEeM AaBneHusl u obpasoBaHus Weky Npyv KOMBUHUPOBaH-
HbIX Harpy3kax BMecTe € KpuTeprem, NMo3BOnsiioWyM onpeaennTb, YTO npousonget paHee. Npu 3TOM UCNONb3OBaHO
NoHATUE «3PDEKTUBHOE OCEBOE PACTSHKEHWSI», CBA3AHHOE C MOHATMEM «3(dEKTUBHOE OCEBOE HanpsiKeHne», npuBe-
AeHHbiM B A.1.3.2.4. 3T npmbnuxerHele dhopmynbl Ans 3pdeKTVBHOIO OCEBOr0 pacTsXeHUs MMeloT Bonee BbICOKYIO
TOYHOCTb MO CPaBHEHWIO C TeopeTuyeckon dopmynon (24) HacTosiwero ctaHgapta. B cmandapme [3] (nyHkme B.6.2)
NpVYBEOEHO COOTBETCTBUE PE3YNbTaTOB PacyeTOB IKCMEePUMEHTarnbHbIM AaHHbIM NpY AeNCTBUM KOMOMHUPOBAHHON Ha-
rPy3Kku.

Mpwn oTpyuaTenbHbIX 3HAYEHMAX 3PHEKTMBHOIO OCEBOMO PaCTSDKEHWSA, T. €. Npy 3PPEKTVBHOM OCEBOM CXaTuw,
Tpy6a MOXeT BbITb BbIFTHYTON, KaK U KONMOHHA, YTO 3aBUCUT OT HaAeXHOCTH BOKoBbIX onop. Ecnn BeIrTHYTOCTE 4OCTATOUYHO
athhbeKkTUBHO MpegoTBpawaloT, To hopMyna Ans paspylieHns noga AeWcTBUEM KOMOWMHMPOBAaHHOW Harpysku Gyaer npu-
MEHMMa TaKkKe U Npu ahheKTMBHOM 0CeBOM cxaTtnv. OgHaKo NMpu 3HAYMTENBHOM OCEBOM CXAaTUM BO3MOXHA ITOKarb-
Has BbIFHYTOCTb CTEHKM TPyObl, NpMBOAsLLLAs Kk ee paspyleHuto. Moatomy cyllecTByeT 3HaveHne 3hdEKTUBHOIO OCEBOFO
CXKaTusl, OrpaHuyMBatoLLee NPUMEHMMOCTE hOPMYIbl paspyLleHnst Nog AeNcTBMEM KOMOUHMPOBAHHOW Harpy3ku.

B.2.4.2 Mnactnueckoe paspylieHne nog AeNCTBUEM KOMOWHUPOBAHHOW HAarpysku

Mpyn HaNUM4UKM HaPYXXHOTO AaBITEHWSA M OCEBOr0 PACTSKEHWUS UNWN CKATUS, OTNINHAIOWErocsa OT CO30aBAEMOro BHYT-
pPeHHUM JaBMeHWeM Ha TOpLEeBOe YNnoTHeHue, obwas opmyna NpoeKTHOro AaBMneHUsl NIacTUHecKoro paspyleHns
nmeeT Bug

Pra = Po + MuHUMarisHoe u3 112 (Py + Pres 1) Ui Py, (B.6)
e
1/2
2
Py = Pretm |1- K- (Feﬁ) ; (B.7)
Futs )
npu aToMm
Fa=nt(D—-1) oy (B.8)
Put(D-t) 2
Foi = F, + Font (D—1) — m%[D - 2tg)]; (B.9)
Fus=nt(D-1)oy; (B.10)
20 td .
Ris=p_t, (B.11)
Fet = % ('DrefM + 'DrefT)v (cm. pucytok 1); (B.12)
5 1+ kn 1 Kn
Petm = 7 : (5) Ruts (B.13)
1Y

Reft = (f) Rutss (B.14)

4"k _q
=" (B.15)
tdr = tmin - kaav (B'16)

rae Pr, — Pr C nonpaekoi Ha oceBylo Harpy3ky U HapyxHoe paenexue, MlMa;
Pir — BHyTpeHHee AaBrieHMe Npu NNacTMHeckom paspyweHun Tpybbl ¢ TopueBbiM ynnoTHeHnem, Mlla;

P, — napyxHoe paBnenue, Mla;

F, — oceBoe ycunue, H;

t — cpeaHsial TOMNWMHA CTEHKW, MM;

kR — pacyeTHbln KoahdULMEHT;

D — HOMMHAanbHbLIN HAPYXHBIWM auameTp Tpybbl, MM;

O, — COCTaBriAOLLAs OCEBOr0 HaNPsHKEeHWA, He Bbl3aBaHHan usrmbom, Mla;

67



FOCT P 54918—2012

Feff — achcpekTuBHOE OCEBOE ycunue, H, T. e. ANna coBepLUEHHbIX TPY6 — ycunne, co3gatollee 0CeBOe HanpshkeHue,
[ONOMHNTENBHOE K HaNpPSHKEHWIO, CO34aBaeMOMy BHYTPEHHUM U HapyXHbIM AaBfieHUsiMU B Tpybax c Topue-
BbIM YN/IOTHEHUEM;

oM — npefen NPOYHOCTW NPU PacTsHKeHUW npefcTaBuTenbHOro obpasua, MMa;

kh — Ko3hpuUMEHT ynpoYyHEHUA ANA KPUBOM MCTUHHOTO HanpshkeHusi-gedpopMaunn, noslydeHHOW Npu UCnbITaHWun
Ha OHOOCHOEe pacTshkeHue (cm. B.2.3.3);

fmn — MUHMManbHasa To/nWMHA CTEHKM 6e3 yyeTa HECOBEPLUEHCTB TUMNa TPELLWH, MM;

Ka — KO3(h(PUUMEHT MPOYHOCTU MpW paspyLleHUn, NosyYeHHbId No pesynbTatamM UCMNbITaHUA 1 paBHbli 1,0 — ana
Tpy6 13 ctanm L8O Tun 13Cr nocne 3akaskn u oTnycka (C MapTEHCUTHOWN CTPYKTypoii) n 2,0 — ans Tpy6 nocne
npoKaTku ¥ HopManu3auumn; npu OTCYTCTBMM pe3ynbTaToB UCMbITaHUA NpUHMMaeTcs paBHbiM 2,0. 3HayeHue
KoahpuumeHTa ANs1 KOHKPETHOTO MeTasiia Tpy6 MOXET OblTb YCTAHOB/IEHO MpPY NPOBEAEHWUU UCMbITAHUS;

a — B dopmynie npefenbHbIX 3HauYeHnii — Hanbonbliaa pakTuyeckas rnybrvHa HecoBepLUEHCTBA TUNa TPELLUHbI;
B (hopmMyie MPOEKTHbIX NpeAesibHbIX 3HaUYeHU — MakcuMasbHasi r/ly6uHa HecoBepLUEeHCTBAa TUNa TPeLLHbI,
HEBbISIBJIEHHOTO CUCTEMOI KOHTPONS.

MpumeyaHne — N5 gaHHoN PopMybl UCMNONL3YIOT hakTnyeckme 3HadyeHns fmn.

Ha pucyHke B.2 npuBefaeHo rpadgumyeckoe nsobpaxeHune cdopmynbl (B.6) COBMECTHO C (hakTUYeCKOl KpuBOW pas-
pyLueHus.

1 — paspyweHve (thaktnyeckoe); 2 — paspyllenve [chopmyna (B.6)]; 3 — nepexofHas npsivas;
4 — obpasoBaHve weikn [chopmyna (B.18)]; 5 — sioKasibHas BbIrHyTOCTb

MpumevaHunsa
1 Mo ocn X — Feff/Fus npn adpthekTMBHOM OCEBOM pPaCTSHKEHUN.
2 Mo ocn Y — (P| - PoV”ref MPU nepenage AaBrieHuii.

PucyHok B.2 — WnntocTpaumst BAUSHAS 3P EKTUBHOTO OCEBOr0 PacTsHKEHUsI
M HApYXHOro AAaBfIEHMS Ha NiacTMyeckoe paspylleHue Tpy6bl

[Ona Tpy6 ¢ TopueBbIM ynsOTHEHMEM 3(h(eKTUBHOE OCEBOE ycunve paBHO Hynw u gopmyna (B.6) cBoguTtcs K
topmyne (B.1).

dopmMyna paspylleHusi cnpaBejiuBa, T. €. paspyllueHue nof AeiicTBMeM AaBfieHUs Npov3oigeT Ao o6pa3oBaHus
werkun, ecnu:

1- kh
2 (B.17)

B.2.4.3 O6pasoBaHue LWenkn nog AencTBmeM KOMOWHMPOBAHHOW Harpysku
Mpu HanNMuMu BHYTPEHHETO M HAPYXHOro AaBneHuit o6uwas opmyna ycunua obpasoBaHus LIeiiku nmeeT BUf
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1/2

P - P,V
Feﬁ = Futs 1- kN PrefM ’ (B-18)
rae
F,=nt(D—1) 0y (B.19)
Pyt(D - t) 5
Fog= Fy+ Pyt (D —t) = D - 2tg0)] (B.20)

tor (D - 2(dr) 4

Fus = 1t (D —t) oy; (8.21)
20,1t
Pus=p ¢ (B.22)
1+kn
Pretit = | 2 '(l)khpt ; (B.23)
re - uts» .
‘/5 2
ky=4""" _31-kn (B.24)

npu aTom Fgs— adbhekTMBHOE oceBoe yeunue, H, T. e. ans coBeplieHHbIX Tpy6 — ycunue, cospaioliee oceBoe Hanpsbke-
HWe, AOMONHNTENbHOE K HAMPSKEHWIO, CO34aBAaEMOMY BHYTPEHHUM U Hapy>XHbIM JaBrneHusimu B Tpybax
C TOPLEBLIM YMNITOTHEHNEM;

P, — BHyTpeHHee gasnienne, Mla;

P, — HapyxHoe gasnenune, MIa;

F, — oceBoe ycunue, H;

t — HOMWHanbHasi TONWWHA CTEHKU TPYOLI, MM;

D — HOMUHanbHBIN HAPYXHbIK auameTp TpyObl, MM;

G, — COCTaBisoLLAas OCEBOIO HaNPSDKEHUSA, He Bbi3BaHHAsA n3rmbom, MMa;

C, — Nnpejen NpoYHOCTU NPU pacTsbkeHuM npeacTaBuTensHoro obpasua, Mla;
k;, — KO3(MOULMEHT YNPOYHEHUsT N1 KPUBON UCTUHHOIO HanpsbkeHus-aedopmaumm, nonyyYeHHon npu uUcrbi-
TaHWM Ha OAHOOCHOe pacTsbkeHue (cm. B.2.3.3).
Mpu HyneBom aaBreHun 3aceKTMBHOE OCEBOE YCUINUE PABHO MCTUHHOMY OCEBOMY ycunuio, u copmyna (B.18) gnisi
MaKCUMarbHOIO OCEBOI0 YCUIUSI CBOAUTCS K Mpenerny nNpoYHOCTU.
dopmyna ycunusi o6pasoBaHus WEWKK CripaBenuea, T. €. obpa3oBaHue LWelKkn nog AeiCTBUEM [aBIieHUs NMPonC-
XOAUT A0 pa3pyLUEHWs], eCriu:

Pi-F S(1)1—’<h_

Reim ~ \2 (B.25)

2

B.2.4.4 MpaHnua mexay paspylleHueMm nog AercTBMEM AaBneHusi u o6pasoBaHMEM LLEHKU
CpaenuBas cdopmynel (B.6) n (B.18), MoxHO OTMETUTBL, UTO 0Bpa3oBaHue LIEeKK NPOUCXOAUT A0 pa3pyLleHUst Nog
ODeNCTBUEM OABNEHUsl, ecnu:

(B.26)

OTO0T KpUTEPUI, NOKa3aHHbIN Ha pucyHke B.2 (mo3uyus 3), onpepensieT rpaHvuly mexay ob6pasoBaHMeM Wenku u
paspyweHnem Tpyobl noa AeNCTBUEM AaBrneHusl.

B.2.4.5 AcMMMeTpUYHasA NokanbHasi BbIFTHYTOCTb MOA AeCTBUEM KOMOMHMPOBAHHLIX Harpy3oK

Kak nokasaHo Ha pucyHke B.2, B HTepBane oceBOro cxarusi, T. €. Npu OTPUUATENbHBIX 3HAaYEHUAX 3hpeKTUBHOMO
oceBoro ycunus, copmyna (B.6) AaeT 3aBbllEHHOE 3HAYEHUE MO CPaBHEHWIO C PaKTUMECKMM AABNEHWEM NNacTUYECKO-
ro paspyweHus n npegenbHbIM AaBNeHUEM, NPU KOTOPOM MPOMCXOAUT nokarnbHas gedopMauns CTEHKN TpyObl.

C uenblo cONMXEHNA KPUBBIX, NMOCTPOEHHbIX N0 PaKTUHECKOMY paspylieHnio un no dopmyne (B.6), moxer ObiTb
paspabotana copmyna tmna (B.7) ¢ apymm koadduumeHToM ynpouHenust kg [¢popmyna (B.15)], ogHako BbIBOA Takoi
oTAenbHON (HopMynbl He UMeeT BONbLLIOrO NPAKTUYECKOTO 3HAYEHWSI.
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B.2.5 ®opmynbl NPOeKTHOro AaBAEHNA NNAaCTUYECKOro pa3pyLlueHns n o6pa3oBaHNA LWENKN

YcnoBms MakCMmManbHOW CTOMKOCTU K MITACTUMECKOMY pa3pyLUeHnIo U 06pa3oBaHuIO WENKU MOXHO MONyYUTb,
3ameHuB B hopMynax npegensHeix 3HaveHun (B.1), (B.9—(B.11) n (B.20)}—(B.22) TonwmHy CTEHKW ty, Ha (Kyant — Kaan) ¥
G, Ha Oymn

Po — 2kdrcumn (kwa]lt - ka aN)
iR =

D - (kwa]lt - ka aN) ’ (8'27)
rie Pr — BHyTpeHHee JaBreHvie Nnpv NnacTUYeckoM paspylueHum Tpy6bbl ¢ TopueBbIM ynnoTHeHneM, MMa;
kqr — NONPaBOYHbIN KOIMDULIMEHT, yunThIBaOWMIA aedopmaumio Tpyobl U aedopMaLMOHHOE YNPOYHEHNE MEeTanna;

Oumn— 38AaHHLIN MVHUManNbHBIM Npeden NpoYHOCTM Npu pacTtsxenun, Mla;
Kyall — K03 DVLMEHT, YUMTHIBAKOLWMIA YCTAHOBNEHHOE NPeaernbHOe OTKMOHEHUE TOMWMHBI CTEHKM TPY6bI, paBHbifi 0,875
Ons nNpegensHOro OTKMNOHeHUs1 MUHYC 12,5 %;

{ — HOMMHanbHasi TONWWHA CTEHKU TPyObl, MM;

k; — KO3MMOUUMEHT NPOYHOCTM MPU PasPyLLIEHUW, NONYYEHHBIN MO pesynsraraMm UCMbITaHuiA u paeHbin 1,0 — gna
Tpy6 13 ctanu L80 tmn 13Cr nocne 3akanku 1 oTnycka (C MapTEHCUTHOW CTPYKTYpoii) n 2,0 — ans Tpyb nocne
NpoKaTkn U HOpManuaauuu; Npy OTCYTCTBUM pe3yrnbTraToB UCTIbITAHWIA NpuHUMaeTcst paBHbiM 2,0. 3HadveHune
koahbuLMeHTa ansl KOHKPETHOro MeTanna Tpy6 MoxeT GblTb YCTAHOBNEHO NPU NPOBEAEHWUN UCTILITAHUS

ay — rmybvHa HecoBepLIEeHCTBa, CONOCTaBMMasl C KOHKPETHLIM YPOBHEM NPUEMKK, T. €. Haubonblias rmybuHa He
COBEpPLUEHCTBA TUMa TPeLMHbl, KoTopasi MOXeT OblTb NPUHATA CUCTEMOM KOHTPOMSA Kak AONYCTUMOE Heco-
BEPLUEHCTBO, MM. Tak, NMpu KOHTpone Tpy® TonwwmHON cTeHku 12,7 MM C ypoBHEM Npuemkn 5 % ay paBHa
0,635 mm;

D — HOMMHanbHLIN HapyXHbI guameTtp TpyObl, MM.

KoshdnuneHT Ky, YHMTbIBAET YCTaHOBMNEHHOE NpedenbHOe OTKNOHEeHNe TONWMWHBLI CTEeHKN Tpy6bl 6e3 yueta Heco-
BepLUeHCTB. Ero 3HaveHne moxeT OblTb OTKOPPEKTMPOBaHO, €CNU Apyrasi MMHUManbHas TOMNWWMHA CTEHKN obecnevumnBa-
eTCsl TEXHONOrMYeCKUM NpoLeccoM Unu TpeboBaHnsaMKM NOCTaBKK.

HecoseplweHcTBa TvnNa TPewmMH yunTbiBaloTCA kosdduumentom ay. MNponssegeHve k,ay npeactasnset cobow
JONONMHUTENBHOE YMEHbLIEHNE MUHUMArbHON TOMWWHBI CTEHKW, CBA3AHHOE C HANWYMEM HECOBEPLUEHCTB TUNA TPELUWH,
HEBBISIBIEHHBIX CUCTEMOI KOHTPOINS, U PaCrONOXEeHNE KOTOPbIX COBNaAaeT ¢ MMUHUMANbHOW TONWMHOW CTeHKN. Takoe
HanoXeHne MUHUMArbHOW TOSMWMHBI CTEHKM U HECOBEPLUEHCTBA TUNA TPELWWHBI 3aBUCUT OT HaCTOThl NOSIBNEHUsS] MUHU-
MarbHOW CTEHKM W HECOBEPLUEHCTB OCTPON HOPMbI U FNyBUHOM, CONOCTABUMON C YPOBHEM NMPUEMKMN.

Mpv geTepMUHUCTMHECKOM nogxode HeobXxoAMMO NPOBOAWUTL pacyeT AaBNEHUs1 NNAacTUYECKOro paspyleHus ¢
3anacoMm, Npu 3TOM 4acTOTy MOSABMEHWS] HECOBEPLUEHCTB NpUHUMaloT paBHol 100 % v rmybuHy HECOBEPLWEHCTB CUNTAIOT
PaBHON YPOBHIO MPUEMKN.

Mpy BEpPOSITHOCTHOM MOAxoAe B pacqeTe AaBMEHWS paspylueHust MyObuHy HecOBEepLEHCTBA Takke NPUHMMAlOT
paBHOW YPOBHIO MPUEMKM, HO YUWUTHIBAIOT haKTUYECKYI0 YacTOTy MOSIBNIEHUSI MMHUMASIbHON CTEHKUM U HECOBEPLIEHCTB
OCTpON hOpMbI W TyOMHON, CONOCTABUMON C YPOBHEM MPUEMKMN.

B.3 BbiGop Mogenu nnacTM4ecKoro paspyLuieHus

[na ebibopa mMolenu nnacmuyeckoeo paspyiweHus bbin npogedeH aHanus wecmu modenel pacyema. lNpu
omecymemeuu HecogeplweHcme ocmpoli hopMbl makuMu MOOensaMuU SI8ISHOMCS;

20t
- cnieyuansHas oopmyna baprnioy: P = (E)“ ; (B.28)
p_OulD®-d?).

- crieyuansHas hopmyna o Museca: Pr = 302 (B.29)

2k, Lo
- hopmyna Kneeepa-Cmiwoapma (cm. [21], [22]): Pgr = W; (B.30)

min

20,1t
- cneyuansHas gopmyna Maticnu (cm. [24]): Pr = %; (B.31)
min
. p _ Ou(D®~d%)
- crieyuansHasi hopmyna Mopa: Pr = D2+ d? (B.32)
+

- popmyna Hadau: Pr =20, 1n [D—‘B—z—t]/ﬁ , (B.33)

20e Pr — eHympeHHee OasneHue rpu naacmu4ecKkom paspyuieHuu mpy6bsl ¢ mopueeanim yrnomHeHuem, Mla;
O, — npeden npoyHoCMU fipu pacmskeHuu npedcmasumernsHo2o obpasya, Mlla;
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t — HoMuHaneHas monuwuHa cmeHKku mpy6bobl, MM;
D — HomuHaneHbili HapyxHbil Ouamemp mpybbl, MM;
k4r — nonpasoyHsili koaghghuuueHnm, yyumsigaowuli 0echopmauuro mpy6bsi u dechopmaylioHHOe YrpPOYHEeHUe Me-

manna, pasHbiii (05014 (17 J3)kn+1;

ki, — xoahcbuyueHm ynpodHeHust Onsl Kpusol UCMUHHO20 HanpskeHUs-0echopmauuu, nonyyeHHol npu ucrisima-
HUU Ha 00HOOCHOe pacmsixeHue (cm. B.2.3.3);

fmin — MUHUManbHas monuwuHa cmeHku 6e3 yyema HeCO8eplIeHCMa mura mpewiuH, MM;

d — eHymperHul Quamemp mpybsi, pasHbil (D — 21), mm.

MpuMeyaHwne— [nsa gaHHown GopMynbl NCMOMNb3YIOT PaKTUHECKUE 3HAYEHWSA fyin.

o modenu Knesepa-Cmiwoapma npu 8bibpaHHOM 3Ha4yeHUU Kq MOMyqaom cpedHee 3HadyeHue 0asiieHusi pa3py-
weHua P, npozHo3upyemoe no ycrosusam mexydecmu Tpecka u ¢poH Museca Ona mpy6 ¢ mopuessimM yrinomHEHUEM.
OHo yyumsigaem OechopmayuoHHOE ynpouHeHue memanna u Oechopmauuro mpybel ennoms 00 paspyweHus.

Modenu ebibparbi U3 MHO2UX ansmepHamusHbIX MoOenell paspyweHusi, OnucaHHbIX 8 numepamype, OHU OMmiu-
yaromesa docmamoyHbeiM pasHoobpasuem, 4ymobsi obecredumb MO4HbIL OKOHYamenbHbil 8bibop. B HasgaHusax mode-
nel ykazaHa thamunus nubo asmopa, nubo CMOPOHHUKA UX paccMompeHrus. TepMmuH «criequansHoey 0 nepsbix dayx
modenell o3Hadaem, 4ymo oHu npedcmasnsiom coboll 06obweHue chopmyn mexkydecmu baproy u ¢hon Mu3seca, e
KOMOopbix npeden mekydecmu 3aMeHeH rpederioM Mpo4YHOCMU U He uMeem chyHOameHmaneHo20 obocHo8aHus. Taku-
MU Xe sagnaomcesa yemeaepmas u namas modenu. 3amo mpemesi u wecmasa modenu (Knesepa-Cmiwoapma u Hadau)
moaym 6bimb 8bigedeHbl Ha 0CHO8e hyHOaMeHmanbHbIX QUIUYECKUX MPUHYUNO8, @ UMEHHO, UCX008 U3 pasiuyHbiX
cmerieHel npubnuwxeHus K hopMynaMm pasHO8ECHO20 COCMOAHUSA, U 3asucsim om nipedena npodyHocmu mpy6bl. MoxHo
nokasams, 4mo ¢opmyna [lalicnu sensemca ocobeiMm criydaem modenu Knesepa-Cmioapma.

®opmynsl Modenell y4umsigarom mosibKO eHympeHHee OaenerHue 6e3 HapyxHo20 OaeneHus. Bce opmynbi
npuMeHuMbl K mpybam ¢ mopyessiM yrnomHeHUeM, MO3MOMY 8KIH0Yaom ocegoe pacmsixeHue, delicmeaylowee Ha
mopueesoe yrnnomHeHue mpy6el, pagHoe 8HympeHHeMy 0agneHul, YMHOXEHHOMY Ha riouwalb rnornepeyHo20 CeYeHust
mpyb6si.

Pesynbmamsi pacyema o npusedeHHbiM MOOenaM cpasHueanu ¢ pe3ynbmamamu UcfibimaHuli Ha paspyweHue
o06calHbIX U HaCOCHO-KOMIMPECCOPHbBIX mpy6 nonHo20 pasMmepa ¢ mopuyessiM yrinomHeHueM. 1o pesynsmamam cpae-
HeHus 6Gbina ebibpaHa hopMmyna 0agneHuUs MIacCMuUYecKo20 paspyweHus, KOmopylo pacwupunu ¢ yenslo y4ema Ha-
PYXKHO20 0asrieHuUsi u 0ceaoli Hazpy3Ku, OMiuYaowWelica om Hagpy3ku Ha mopyesoe yriomHeHUe Om SHYMPEHHEZ0
0asrieHuUs, @ MaKxe C Uernbio ydema enusiHUsl HeCO8epweHCMs8 ocmpoll (hopmbi (Mnacmuyeckoe paspyweHue).

lModpobHee o anibope 3HadeHus k, 8 modenu Knesepa-Cmioapma, maccusax OaHHbix O paspyweHuu mpy®,
ucronL308aHHbIX Ons oUueHKU molernell pa3pyweHus U ux cpasHeHusi, — & cmaxdapme [3], nynkmer B.3—B.6.

B.4 Ponb HecoBepLueHCTB B hopmyne AaBneHus NNacTUYeCKOro paspyLieHnsa

Qopmyny npoekmHo20 OasneHusi nacmuyeckoz0 paspyweHus pekoMeHOyemcs ucronb308amp MofbKo 0ns
mpy6 ¢ He3Ha4YumerbHLIM 3KCUEHMPUCUMEMOM U C y4emoM HecosepweHcmes 2nybuHol, pasHOU ypPOSHIO MPUEMKU.
®opmyny He cnedyem ucrionb3oeams 6e3 yyema Hecosepweticms. pu demepmurucmuyeckom rnodxode 6 hopmyrne
paspyweHusi akcyeHmpucumem mpy6bl MONWUHOLU CMEeHKU MeHee HOMUHanbHOU onpedensiom o MUHUMAanbHOU
dortycmumoli monuwjure cmetku. pu sepossimHocmHom nodxode 6 opmyne paspyweHus aKkcuyeHmpucumem mpybbi
monuwuHOU CMeHKU MeHee HOMUHAabHOU onpedensiom o cpedHemMy 3Ha4YeHUui0 U CmMaHOapmHOMy OMKITOHEHUIO MU-
HUManeHoOU MonuuHbl CMeHKu 1o OnuHe mpyobbi.

Tpu demepmunucmuyeckomM rodxode 8 ¢hopmyre paspyweHUs HECOBePWEHCMea ocmpoll (hopMbl yHumbI8aom
o MaxkcumarnsHol 21ybuHe Heco8epuIeHCMS, HEBLISBIEHHbBIX CUCMEMOU KOHMPO/A, m. €. y4umbl8aiom HeCcO8epWeH-
cmea 2nyburoli, pasHoli yposHio ripuemku. Npednonazaemcs, 4mo 8 kaxdol mpybe umeemcs 00HO HECOBEPUWEHCMEO
makoli a2nybunbl. [Tpu makomM nodxode rpUHUMAaM 80 8HUMaHUe HauxyOwul cryyal nOSeNeHUs HECOBEePWEHCMS.

lMpu eepossimuocmHomM rodxode 6 ¢hopmyrne paspyweHus 2nybuHy HecosepweHcma ocmpoli hopMbl makKxe
ApUHUMaKMm PaeHol YPOBHIO MPUEMKU, HO 4Yacmomy [10A6/1eHUs MakKux HecosepweHcms orpedessiom Ha OCHO8e
cmamucmuyeckux HabmoOeHul. Mpu makom rnodxode HanUYue HECOBEPWEHCME yHumbi8aiom 6 gude cpedHezo 3Ha-
YeHUs U cmaHAapmHO20 OMKIIOHEHUST 4acmomal MOSI8NEHUS HECO8ePWEHCM8 ocmpoli hopMbl 8 KOHMPOUPYeMoLl
mpyb6e. TunuyHas Hyacmoma [0sI8IeHUs1 HEeCco8epWEeHCMs 68cex 8udo8 Mpu 08MOPHOM KOHMPOJIe cocmasssem om
2 % 0o 5 %. Ho wacmoma rosieneHusi HeCo8epweHcma ocmpoli hopMbl MOXXem 6bimb HAMHO20 MEHbLUE, Harpumep,
om 0,5 % 0o 0,05 %. Takass 4yacmoma ros8/IeHUs MOXem OKa3sbléamb 3HA4YUMEeNbLHOe 6MnusHUe Ha 86pPOSMHOCMb
paspywerus mpybel npu ornpedeneHHoOM 0asneHuu.
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Ha pucyHke B.3 npegcTaBneHa obuias 3aBUCMMOCTb MPOYHOCTM TPYO OT XapakTepa HecOBeplleHCTBaA.

1 Tpyb6a 6e3 TpewwuHbl; 2 - Tpyba C TpeLyHoli, BbiCOKas NPOYHOCTb;
3 - Tpyb6a C TPELLMHONA, HW3Kas NPOYHOCTb

MpumeyaHns
1Mo ocn X —rnybuHa TpewmHsbl, alt.
2 Mo ocn Y —Pait/ Pref.

PrucyHok B.3 — CHwxXeHne paBnieHuUs paspylleHus Npu Haanyuy TpewuHbl Ha yyacTkKe
C MUHUMA/IbHOW TONWMWHOW CTEHKN

Ha pucyHke B.4 npefacTaBfieH NpuMMep TaKo 3aBUCMMOCTMU Ana ob6cafHbix TPY6 rpynnbl npoyHocTmn P110
HapyXHbIM gnameTpom 244,48 MM M TONWUHOW cTeHkn 13,84 mm.

a BavaHve HecoBeplleHCTBa Tuna TPeLnHbl Ha pr6b| C BbICOKOW BSI3KOCTbIO.

1 cpefHss CTOWKOCTb K paspylueHnio Tpybbl 6e3 HecoBEepLUIEHCTBA; 2 — MWHUMa/bHas CTOWKOCTb
K paspylueHnio Tpy6bl 6e3 HECOBEPLUEHCTBA; 3 — OleHKa N0 MUHUMAasbHOW TeKyYecTu;
4 _ oueHKa TekyyecTwu [popmyna (10)], AeneHHas Ha KO3dhuUMeHT 3anaca

MpumeyaHns

1Mo ocn X — rnybuHa TpeLwmnHbl B NpoLeHTax 0T TOJUWMHbI CTEHKN.

2 Mo ocn Y — BHYyTpeHHee pasneHue, Mla.

3 JononHnTenbHble TpebosaHns SR1 n SR2 no FTOCT P 53366, npunoxeHue A.

PucyHok B.4 — BnunsiHue HecoBeplleHCTBa Ha MPOYHOCTb 06cafHbiXx TPy6 rpynnbl npoyHocTun P110 Hapyx-
HbIM AnaMeTpoMm 244,48 MM U TOMWUHON CTeHKM 13,84 mMm
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lpu demepmuHucmuveckom nodxode 8 pacqyeme OasneHUs paspyweHus crnedyem y4qumbsieéams rOMPasKy Ha
HecogepuwieHemea ocmpoli (hopMbl, PAacrioNOXeHUe KOmopbiX cosrnadaem C MUHUMAanNsHOU —MOMUWUHOU CMEeHKU.
B amowm cny4ae onpedensiom muHumansHoe 0agneHue paspywerus 0ns mpyb, U320MmoeneHHbIX 8 coomaememsuu ¢
mpeboeaHusmu 3akasa. [ns ydema eeposmHocmu makozao cosrnadeHus Heobxol0umo npumeHsims hopmMyny, Ucross-
3YeMYyI0 rpu 8eposAMHoOCMHoOM nodxode.

B.5 PacueT cTOMKOCTU K NNacTU4YECKOMY Pa3pyLUEHUIO NpU BePOSATHOCTHOM noaxoae

B.5.1 O6wume nonoxeHus

PakTn4eckoe gaBneHne NnacTMyeckoro paspylueHusl KOHKPeTHOW TpyObl sIBMAeTCS HeonpedeneHHbeIM nokasaTe-
nem 13-3a BINUSIHUSI MHOTUX ChyyaliHblx hakTopoB. py AeTepMMHUCTUHECKOM MOAXOAE B pacyeTe AaBleHus paspylue-
HUS NpeanonaraeTcsi, YTo BCe Takne (hakTopbl U3BECTHbI C aGCOMIOTHON TOHHOCTBIO U pacyeTHbie hOpMYIbl TAKKE TOYHbI.
PacueT BegeTcsl ¢ TakMM NpeanonoXeHWeM, YTO ecnu JaBneHne NPeBbICUT PacHeTHYO NPOYHOCTL TPYOLI, TO OHA pa3py-
wuTes. B aToM cny4ae onpegeneHHOMY MacCuBY MCXOAHBIX MOKa3aTernel kayecTea COOTBETCTBYET eAMHCTBEHHOE AeTep-
MUWHUCTMYECKN MPOrHo3upyemoe JdasrenHue. Onsi Toro Ytobbl NporHo3 Obin 4OCTATOYMHO HAAEXKHBIM M C OnpeaerneHHbIM
3anacom, B pacHeTe UCMOoNb3ylT HauXyAWWin BapuaHT Habopa UCXO4HbIX NokasaTenei kavecTea Tpyb B COOTBETCTBUM C
TpeboBaHUsIMM 3aKa3a, YTO OTMM4yaeTcsl OT AelCTBMTENnbHOCTM. PakTuyeckoe AaBrneHne NNacTUYeckoro paspyLleHus
MOXeT ObITb BbILLE UMK HWXE NPOrHO3Mpyemoro. pu NpoeKTUPOBaHWKM Ansi pacyeTa AOMyCTMMOro AaBneHust Ucnonb-
3yloT Habop HanXy4LKMX UCXOdHbBIX NokasaTenei kavecTsa.

B oTnu4me oT geTepMUHUCTMYECKOro Noaxoda, BEpOSsITHOCTHASA OUeHKa MPOYHOCTU NMPMHUMAET BO BHUMaHWe
HeonpeAeneHHOCTb NCXOAHbIX NoKasaTenel ka4ecTBa U NPUMBOAWT K 3aBUCMMOCTU MeXAY NMPUINOXEHHbIM AABMEHUEM W
BEPOATHOCTLIO paspyLweHns Tpy6ol. Mpy 3TOM Nony4atoT BeposiTHOE AABMNEHWe NNacTUYeCKoro paspyLleHusl, a He aaBne-
HVWEe MNacTUYecKoro paspyLlleHns NP Hauxyglen BO3MOXHON cUTyauuu.

Wcrnonb3oBaHne BEPOSITHOCTHOWM OLIEHKWM CTOMKOCTM K MNacTUYeckomy paspylieHuio TpyS no3BonsieT CHU3UTL CTO-
MMOCTb MPOEKTa, 8Cnu NoTepU OT OTKA30B HEBENUKU U NMpueMieMa MoBbIWeHHas BEepOSATHOCTb OTka3a. Bmecre ¢ Tem
OHO Mo3BONsAeT obecneynTb BbICOKYI HaAEeXHOCTb MPOeKTa, korga NoTepu U NpoYne NocneacTeusl OTkasa HegonycTUMo
Benuky. Llenb BeposATHOCTHOIO noaxoda K NnacTU4YeckoMy paspyLueHWio NO3BONSET OLUEHUTb BEPOSITHOCTb OTKa3a Kak
npy AETEPMUHUCTUUECKUX, TaK U NPW ClyYaiHbIX Harpyskax.

Hanee kpaTko onncaHbl aTanbl OLEHKM CTOMKOCTM K NNACTUYECKOMY PaspyLIEHMIO NPW NPOCTOM BEPOSITHOCTHOM
nogxoge:

a) onpegeneHve BUAa OTkasa, B AaHHOM ChydYae — NfacTudeckoe paspyleHue;

b) onpegenexHne xapakTepUCTUKU OTKa3a U MaTeMaTudeckoe BblpaXeHne 3TOW XapaKTepucTUkM B Buae hyHKUWK

npefenbHbIX 3Ha4YeHU g(x), NO NPUYMHE KOTOPOI OTKas uMeeT MecTo, ecnu g(x)<O0;

C) cosgaHve Mopenen HeonpeaeneHHOCTU NEPEMEHHLIX ANA X MPW NpeAerbHbIX 3HAYEHUsIX U BO3MOXHOE 060-
CHOBaHME 3TWMX MOJEnen Ha CTAaTUCTUYECKOM aHanmMae MCXOAHbIX MoKasaTeneil KavyecTsa;

d) oueHka BEpPOATHOCTW OTKa3a B BMAE BEPOSITHOCTW TOro, 4To g(X)<0. OHa moxeT 6biTh ocylwecTBneHa npu

mogenuposanuu no metogy MoHTe-Kapno nnm no metogam HagexHocTv nepBoro u Broporo nopsigka (FORM/SORM).
Hanee nokasaHo npumeHeHue metoga FORM.
B cnyvae nnactMyeckoro paspyleHusi Tpyobl NpeaenbHbIMU 3HAYEHUAIMU JOSKHBI CHMTATBCA 3HAYEHUs, onpeae-

NEeHHbIe C NOMOLWLIO (PyHKLMM NpeaenbHbiX 3HaveHuii g (X) = R(X) — Pa(X), tme R(X) — dhopmyna, ucnonsayemas ans

pacyeTa AaBNeHUs pa3spyLueHUsl Mo pasMepam 1 YPOBHIO MPOYHOCTH TPYB, a P, (x) — AeiicTByiowee AaBneHne. GyHKuus
npeaentHbIX 3Ha4YeHU g (X) 3aBUCUT OT BEKTOpA, COCTOSILLIENO U3 BCEX CYLLECTBEHHbIX CITyYaiHbIX NEPEMEHHbIX, BNUAIO-

WKMX Ha OTKa3. 3T criyyarHble nepemMeHHble MOryT BKIOYaTh CBOWCTBA MeTasnna (Hanpumep, npegensl TeKy4ecTu u
NPOYHOCTK), reoMeTpUYeckue napameTpbl (HanpUMep, TOMNWMHA CTEHKWU), HAarpy3ku (Hanpumep, MakCUmarnsHoe gaene-
HMe, koTopoe ByaeT AeiicTBOBAaTb B TEYEHUE CPOKa aKCrryaTtauum Tpy6) unu HeonpegeneHHOCTb naeanusaumm Moaenu.
MpeaenbHble 3Ha4eHUs AeNAT NPOCTPAHCTBO BCEX BO3MOXHBLIX BAPUAHTOB HA ABe YacTu: Ge3onacHas 4acTb, B KOTOPOW
HE NPOU3ONAET OTKAa3, U YacTb, B KOTOPOW NPOU30OMAET OTKA3.

McxogHble nokasarteny KavecTea MpeaernbHbIX 3HAYEHUA X MOAENUPYIOTCA KaK ClyyaiHble nepemeHHble. B Tom
cny4ae, Koraa BCe MCXOOHLIE MOKA3aTeNv KauecTBa B3aMMHO HE3AaBUCHMbI, K&KAOMY MCXOOQHOMY MOKAa3aTento KavecTea
NPUCBaNMBaeTCA COOTBETCTBYIOWAsT (DYHKUMS pacripefeneHns BePOATHOCTN. ITn (yHKUMM pacripegeneHnsa BepoAaTHOCTH
OOMKHbI ObITb OCHOBaHbLI HA CTATUCTMYECKOM aHarnm3e pes3ynbTaToB U3MEPEHUst NCXOAHbIX MnokasaTtenein kadectsa. Wc-
XOZHble MoKa3aTeNnn KayecTBa, UCTIONb3YeMble AN MOAENUPOBAHUA HEONPEAeneHHOCTEN naeanusaumm, AomkHbl GolTb
NoO BO3MOXHOCTW OMNpeaerneHbl No pesynbrataMm usmepeHns (HhakTUHEeCKMX UMM MO NPOrHO3MPYEMbIM Harpyskam unu
NPOYHOCTH.

Mpn M3BECTHOM MpPeaeribHOM 3HAYEHUN M BEPOSITHOCTHOM MOAXOAE KAXKAOIO M3 UCXOAHBIX MoKasaTenen Kkavectsa
BEpOATHOCTL OTKa3da P; cocTaBnsiet

Pi= | f(X)d¥,

g(x)<0 (B.34)
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rae f(X) — tyHKUMA NNOTHOCTM CyMMAapHOI BEPOATHOCTN NEPEMEeHHbIX BEeKTopa X;
g (X) — dyHKUMA NpeaenbHLIX 3HaUEeHWI;

X — BEKTOp Cry4anHblX NEPEMEHHbIX.

O6bIMHO HEBO3MOXHO HaWTU MONHOE peLleHue MHTerpana BeposTHOCTH, obecnevunBaloliee onpeaeneHne Bepo-
ATHOCTW NNAacTUYECKOro paspylweHusl Npy KOHKPETHOM AaeBneHun. Ha npaktuke ana oueHk BEPOATHOCTW OTKasa MUC-
Nnonb3yloT WHbIe METOAbI, 8 He MpsIMoe uHTerpupoBaHue. Hanbonee obblvHLIM ABNAETCA MOAENUPOBAHME METOAOM
MoHTe-Kapno, koTopeblii, 0aHaKo, HEe pekoMeHayeTcsl ANs peaknx cobbiTUi (BepoATHOCTL nosiBneHns — meHee 0,001),
TaKUX Kak nnactuyeckoe paspylleHue Tpybbl, M3-3a 3HauUMTENbHOrO o6bema pacqeToB, HEOOXOAUMBIX ANSI OLEHKU Ma-
noW BeposTHOCTU OTka3a. Mpy He3HauMTenbHbIX BEPOATHOCTAX UCNONb3YIOT Apyrve meToapl, Takme kak FORM/SORM.
MeToa LeHTpanbHOro MoMeHTa Maycca, 0 KOTOPOM pedb uaeT Aanee, SBNSAETCS OAHUM U3 METOAOB OLEHKN BEPOATHOCTU
OTKa3a. JToT MeTon He OCOBEHHO TOYeH, HO MOXeT BbiTb MCMoNb30BaH ANs NPUONU3NTENBHOW OLEHKN BEPOSATHOCTU
oTKasa U Aans n3y4yeHusi YyBCTBMTENBHOCTM AAHHOIO MPOEKTa K pasHbiM MCXOAHBIM MoKasaTensim kavectea. Kpome Toro,
B oTnnyme ot metogoe FORM/SORM vnu metoaa mogenupoBaHus, metog ueHTpanbHoro momeHta laycca saBucut
TONbKO OT CpeaHero 3HavYeHua U CTaHO4apTHOro OTKINOHEHUA pa3nuYHbIX NCXOAHLIX NepeMeHHbIX, BCneacTtesne 4vero oH
MOXET ObITb N1Erk0 NMPUMEHUM.

Orlpe,qeneHme BEpPOATHOrO AaBreHus paspylleHna OCHOBaHO Ha AeTepMUHUCTUYECKOM noaxoae K onpeneneHunio
Aaenennsa Pr, yuuTbiBalowemMy BMsiHUE HECOBEPLLEHCTB OCTPON hopMbl,

2ky; 64 (tmin — Kad)
Pe = dr Yu Vmin a ,
R D — (tmin — kaan) (B.35)

rae Pr — BHyTpeHHee faBreHue npy nnactuyeckom paspylueHun Tpybel ¢ TopueBbIM ynnoTHeHnem, Mla;
kgr — nonpaBoYHbIV KoadhMUMeEHT, yunThiBaloWmiA gedopmaumio Tpybel u AgecdopmMalmoHHOe yNpoyHeHue metanna,

pasHbii (0,5)%h +14+ (1/4/3)fn+1;

ki, — k03hdUUMEHT yNpOYHEHNs AN KPMBOW MCTUHHOIO HanpshkeHus-aedopmaumm, nony4yeHHON Npy ncnbiTaHum
Ha ogHoocHoe pacTsixeHue (cMm. B.2.3.3);

0, — npeaen NPOYHOCTM NMPU pacTsKeHWU npegcraBuTensHoro obpasua, Mlla;

fmin — MMHMManeHasi TONWMHa cTeHku 6e3 yueTa HeCOBEpLUEHCTB TUNa TPELUWH, MM;

k, — koadbdULUMEHT NPOYHOCTH NPU pa3pyLUeHum, NONyYeHHbIR No pedynbrataMm UcrbiTaHuin U pasHbin 1,0 — gna
Tpy6 n3 ctanu L80 tmun 13Cr nocne 3akanky u oTnycka (C MapTEHCUTHOW CTPYKTypoi) u 2,0 — ana Tpy6 nocne
NPOKaTKN M HOpManu3auuW; Npyu OTCYTCTBUM pe3ynbTaTtoB WUCNbITAHUIA NPUHUMaeTCsl paBHbiM 2,0. 3HaueHvne
KO3MULMEHTA Ansl KOHKPETHOro metanna Tpy6 moxeT 6biTb YCTAHOBNEHO NpU NPOBEAEHWUMN UCTILITAHUS,

ay — rMybuHa HeCOBEPLLEHCTBA, COMOCTABMMAS C KOHKPETHLIM YPOBHEM NPUEMKH, T. €. Hambornbluas rmybuHa Heco-
BEpLUEHCTBA TWUMNa TPeLMHbI, KOTOpasa MOXeT ObITb NPUHATA CUCTEMON KOHTpONs TPpyb kak gonycTumoe Heco-
BEPLUEHCTBO, MM. Tak, npu koHTpone Tpyb6 TonwmHoOW cTeHku 12,7 MM ¢ ypoBHeM npuemkm 5 % ay pasHa
0,635 mm;

D — HOMWHanbHbIA HAPYXHBIN anameTp Tpybbl, MMm.
Mpumedanwue—[Ana gaHHon dpopMynsl UCNONL3YIOT hakTUHECKUe 3HaYEHUA fnin.
Hasnenve paspywenusa Pg BMecTe C AeNCTBYIOWMM BHYTPEHHUM AaBneHnem P; o6pasyioT dyHKUMIO NpeaenbHbIX
3Ha4YeHun

g =CRr PR (0, n, t, D)= P, (B.36)

rae Cr — cnyvanHas nNepeMeHHas, XapakTepusyowas HeonpegeneHHoCTb Mogenm;
P;r — BHyTpeHHee gaeneHne npy NnacTMHeckoM paspylieHun Tpybbl ¢ TopueebiM ynnotHennem, Mlla;
O, — npepaen MPOYHOCTU MPU pacTsBKEeHUM NpeacTasuTenbHoro obpasua, Mlla;
Ky, — k03hDUUNEHT YNPOHHEHUST Arsi KPMBON UCTUHHOTO HanpspkeHus-gecbopMauum, nony4eHHon Npu ncnbiTaHumn
Ha oagHOOCHOe pacTsxenue (cm. B.2.3.3);
t — HOMMWHanbHas ToNwMHa cTeHkn TpyGbl, MM;
D — HOMUWHanbHBIV HApPYXHbIN auameTp TPyObl, Mm;
P, — eHyTpenHee gasnenve, Mla.
3Ta hyHKUMA MeHbLWe HYNA, eCru AeHCTBYIOWEee BHYTPEHHee AaBneHne P, npeBbiwaeT CTOMKOCTb K NNacTUYecKo-
my paspywenmnio Cg Pr (0, ki, £, D).
Ucnonb3ysa 3T npeaenbHble 3HAYEHUS, BEPOATHOCTb NNACTMHECKOTO Pa3pylleHnsi MOXHO OLEHWUTb, UCTIONb3ys
NONHble pelweHns No moaenu cpegHux aHavyeHmn FORM:

g = P, - CrPRr(Gy, kn, t, D); (B.37)

2 2 2
2_ 2(d9 2(_dg 2(dg
%" S”(de)H * S“(dou)m o SD(dD))?:)‘(‘ (8.38)
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_9.
B= S (B.39)
Peruge = ©(-B), (B.40)
r1e NepeMeHHbIe ¢ YepTol CBepxy npeacTaensiioT cobol cpegHue 3HaYeHwus;
si — cpeaHeKkBagpaTuYHbIe OTKITOHEHWS  CITyYalHbIX NEPEMEHHbLIX; NPou3BoaHble dg/dx oueHUMBAlOT Npu cpep-

HUX 3HAYEHWSIX O, ki, 1, ... M T. A.;

B — nokasatenb HagEXHOCTU MEPBOro MOPSAKa;

O(-B) — kymynsituBHasi ByHKUMSI BEPOSITHOCTU CIy4alHON NepeMeHHON B YCINOBHbLIX eaMHMuax (cpegHee aHaueHue
paBHo 0, a cTaHgapTHOe OTKIoHeHue paBHo 1), oueHvBaemas npu —f.

OT1a nNpubrmautensHasi BEPOAATHOCTb onpeerieHa Ansi oAHoW TpyObl, UMeweln 3HauUnTernbHOe HeCOBEpPLLIEHCTBO.
dopmyna gaBneHusl NMNacTUHECckoro paspylleHusl yunuTbiBaeT BNUSIHUE HECOBEPLUEHCTBA FMyBGUHOMN, paBHO YPOBHIO NMpu-
eMKn ay. JTo Hanbornbluee HECOBEPLUEHCTBO, KOTOPOE MOXET ObiTh BbIABMIEHO Ha KOHTPONMpyemoi Tpybe, B 3aBUCUMO-
CTU OT KayecTBa KOHTpons. Bo3moxHbl n Gonee 3HauMTenbHblE HECOBEPLIEHCTBA, KOTOPLIE MOMYT ObiTb HE BbISIBIIEHI
cucTemon koHTponsi. OgHako B LieNoM He kaxkpaast Tpyba mmeeT HecoBeplIEeHCTBa Takol FyOuHbI, koTopasi npeanonara-
eTca B hopMyrne AaBneHusi NNacTuyeckoro paspyleHus. Mcnonb3ys 370 NONOXEHUE, BaXHO YYUTLIBATb BIIMSIHUE YaCTO-
Thbl NOSIBIEHNS] HECOBEPLUEHCTB. Tak, NPy BLICOKOM KayecTBe KOHTPOSNA naptum Tpy6 crnefyet oXxugatb HWU3KyI0 4acToTy
NosIBNeHWs1 HecoBepLlUeHCTB. [py 3ToM no4yTn Bce Tpybbl C HECOBEPLIEHCTBaMU FNYOWHOIA, NPeBbLILLAIOWEN YPOBEHD NPU-
emku, 6yayT 3abpakoBaHbl, U TOMNBKO YacTb TPyO GyAeT MMeTb 3HaUMTENbHbIE HECOBEPLUEHCTBA.

B.5.2 Nopxopa k cnyvyanHbIM NepeMeHHbIM B (DopmMyne BepoATHOrO AaBIieHMs NNacTUYeCKOro paspylueHust

MNpy BEpOSITHOCTHOM noaxoAe K onpeaeneHwio JaBneHna paspyweHnusa CyWweCcTByIOT YETbipe NEPEMEHHbIE, KOTO-
pble paccMaTpuBalOTCs KaK Cry4YalHble, NOTOMY HTO UX CpeAHne 3HAYeHUs U CTaHAAPTHbIE OTKIOHEHUs! (M koadhdnum-
€HTbl Baprauun) okasbiBaloT BNUSIHUE HA BEPOATHOCTb Pas3pylieHUsl NPU KOHKPETHOM AABMEHUM, 8 UMEHHO:

- npegen Npo4YHOCTU TpyObl;

- HapyXHblli anameTp Tpybbl;

- ponyctumas (6e3 HecOBepLUEHCTB) MUHMMAbHAs TONWMHA CTEHKU TPyObl;

- 4acToTa, C KOTOPOW HECOBEPLUEHCTBA OCTPON (POPMBbI BbIABNAIOTCA NPU NEPBUYHOM KOHTpone Tpyo.

CywecTBYIOT TaKKe TPpW NEPEMEHHbIe, KOTOPbIE PacCMaTPUBAIOTCA KaK AETEPMUHUCTUYECKME NPU BEPOSITHOCT-
HOM nogxogde:

- KO3 PUUMEHT YyNPOYHEHUs Ky, Ansi KPUBOW MCTUHHOTO HanpsbkeHusi-aedopmMaumu;

- BA3KOCTb MeTanna;

- MakcumanbHasi rmybyvHa HecoBepLIeHCTBA, paBHasi YPOBHIO NMPUEMKN ay.

Ana dopmynel AaBneHns paspyllieHnst Npu BeposiTHOCTHOM noaxoae 6onblwoe 3Ha4YeHne umeeT MpaBunbHBbIN
BbIGOp YaCcTOThl NOSIBNEHWS HECOBEPLUEHCTB OCTPOoi hopMbl. Bo-nepBbIX, 3Ta YacToTa A0MKHA COOTBETCTBOBATL KOMUYe-
cTBY Tpy6, 3abpakoBaHHbIX NO HECOBEPLIEHCTBaM OCTPOM (HOPMbI, @ HE MO BCEM HECOBEPWEHCTBAM, BKIIOHAs OKPYIIble.
Bo-BTOpbIX, 3Ta YacToTa MOXeT 3aBuceTb OT 06OpPyAOBaHUS U METOAOB, UCMONb3YEMBIX ANA NEPBUHHOIO W NOBTOPHOIO
KOHTpPOnsi:

- ecnu TpyGbl CHavana koHTpornmpytoT no SR2 FOCT P 53366 (Ha HecoBepweHCTBa rMyGuHON cebiwe 5 %) n 3aTem
NoBTOPHO KOHTponupytoT no SR1 FOCT P 53366 (Ha HecoBeplueHcTBa y6GuHol cebiwe 12,5 %), To rnybuHa Hecoeep-
WeHCTBa NPUHMMaeTCA No YPOBHIO nNpvemkn no SR1, a yactota B 3TOM cnydae NpuHMMaeTcs MeHbWwen, Yem B TOM
cry4ae, Korga NoBTOPHbIA KOHTpOrb npoBoauTcst no SR2;

- ©CIN e NMOBTOPHbIA KOHTPOIb NPOBOAAT Takke No SR2, To cpegHee 3HaYeHWe U CTaHOQAPTHOE OTKNOHeHWe
YacToTbl NMOABNEHVNA HECOBEPLUEHCTB AOMKHO ObiTb OCHOBAHO Ha 4acTtoTe, Habnogaemon NpyU NOBTOPHOM KOHTpone, a
rnybrvHa HeCOBEpLUEHCTB, UCMoNb3yeMasi B (hOpMynax AABMEHUs PaspylweHns Npu BePOSTHOCTHOM Noaxoae, NPUHUMa-
€TCs PaBHOWN YPOBHIO MPUEMKM NMpW MOBTOPHOM KOHTporie no SR2;

- CNN MeHseTCA BWA KOHTPONbHOTO 060pyAOBaHUsI, UCMONb3YEeMOro NpU NEPBUYHOM MMM NOBTOPHOM KOHTpONe,
TO 970 O6bLIMHO MPUBOAUT K U3MEHEHUIO CPEAHEro 3HA4YEeHUsl U CTaHAAPTHOMO OTKIIOHEHUA YacTOTbl NOSIBNIEHNA HeCoBEp-
LUEHCTB MpU pacyeTax BEPOSTHOIO JaBIEHWS pa3pyLUEHUs.

MNpy BEPOATHOCTHOM MoaxoAe Af1s1 pacyeTa AaBMNeHUst NNAcTUYECKOro PaspyLUEeHUs YacToTa NOSIBIEHNA HECOBEp-
WEHCTB AABNAETCA BaXHbiM napameTpoMm. [pn geTepMMHUCTUYECKOM Nogxode B pacyeTe faBneHust nnactuu4eckoro
paspyLlweHns YacToTa NnosiBleHs HECOBEPLLEHCTB npuHumaeTtca pasHon 100 %, a nonpaeka (CHWKeHue nokasaTtenemn)
Ha y4eT HEeCOBEpPLUEHCTB BeCbMa 3HauMTenbHa U MOBbIWAET 3anac NPoYHOCTU. Mpy BEPOATHOCTHOM MOOXOAE CHWXKEHWE
nokasarteren OT HanMYMsi HECOBEPLUEHCTB MPOUCXOAUT 3HAYUTENBHO pexe.

B.5.3 BeposATHOCTHbIN NOAXOA K FMyOuHe N YacToTe NOABNEHNN HECOBEPLUEHCTB

Cucrema KOHTPOMSA He BLISIBNSIET HECOBEPLLEHCTBA, My6uHa KOTOPbIX HE NPEBbIWAET 3aAaHHOE 3HaUYEeHNE YPOBHS
NpuemMKn. YpoBeHb NpUeMkn obblMHO HacTpamBaeTCsl HECKONBKO HWXE TOFO YPOBHSI, KOTOPbIM COOTBETCTBYET Npeaenb-
HON rNybuHe HeCOBEPLIEHCTB, YTO 3aBMCUT OT HACTPOWKM U CKOPOCTM KOHTPONA KOHKPeTHOW annapatypbl. [laxe npu
nAeanbHOM BbISIBNIEHWM HECOBEPLUEHCTB HEOOXOAMMO NOMHUTL, YTO CUCTEMA KOHTPons He OyaeT BhIsIBNATL HECOBEp-
WEHCTBA, rMybuHa KOTOPbIX HE NMpeBbIllaeT YPOBEHb MPUEMKN.
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CyluecTBYIOT ABe NoTeHUMasNbHble KpaHWe BO3MOXHOCTU TOro, YTO HEeCOBepLUEeHCTBa [NY6MHON MeHee YpPOBHSA
NpUeMKN OKaXyT B/IMSIHWE Ha CTOWKOCTb TPyObl K paspylleHuto. [MepBas u3 HMX (PeAKO BCTpeyalollascs) 3akitvaercs
B TOM, YTO 3Ha4yuTesIbHble HECOBEPLUEHCTBA NYyOUHON, paBHOl HacTPOEYHOMY YPOBHIO Npuemkun, ByayT OkasbiBaTb Mak-
cyMasibHOe oTpuuaTesibHOe BAWSHME Ha CTOMKOCTb K paspylweHuto. C apyroil CTOPOHbI, YacTO BCTpevalLlmecs HesHauu-
TeNbHble HeCOBepLUEHCTBa [/ly6MHOI, MeHee YPOBHS NpueMku, 6yAyT OkasblBaTb BAUSIHWE HA CTOWKOCTb K pas3pyLUEeHUio
He CTONIbKO U3-3a CBOEN [/1y6uHbl, CKONIbKO M3-3a CBOEN MHOrOYMCAIEHHOCTH.

[anee npuvBoAnTCA cpaBHEHME BO3MOXHOIO BAWSAHUSA 1yOMHbI HECOBEPLUEHCTB W 4acToTbl MX NOSB/IEHUA. YCTa-
HOBJIEHO, YTO pefKue 3HaunTe/bHble HecoBeplUeHCTBa [Ny6uHON, paBHON YPOBHIO MPUEMKU, OKasbiBalT 6osbliee
B/INSHME, YeM yalle BCTpevawlinecs HesdHauuTeflbHble HecoBeplleHCTBa. Ha 3TOM OCHOBaHUM NpU BEPOSATHOCTHOM
noaxoge B chopmysie faBneHUs NAacTUYeCKOro paspylleHus CTOMKOCTb TPyObl K paspylieHuio onpegensetcsa no BeposT-
HOW TOMLMHE CTEHKM C MOMpaBKOl Ha BEpPOSATHOE HECOBEPLUIEHCTBO NyOMHOI, paBHOM YpOBHIO npuemkn (gna 3anaca), u
4acTOTOM, paBHOW YacToTe BbISIB/IEHWS HECOBEPLUEHCTB TuMa TPELMH WM 3aKaToB Npu NMOBTOPHOM KOHTPOSeE.

Bo3HMKaeT BOMpOC, kakoe BAUSIHWE OKasblBaeT BWUA 4YACTOTHOIO pacnpefefieHns HecOBEPLUEHCTB ry6uHOW Me-
Hee YpOBHSA NPYEMKV Ha BEPOSATHOCTb OTKasa Tpybbl. B kauyecTBe nepBOro arana pelleHns 3TOro Bompoca uccnenoBanu
pacnpefeneHme HecOBEPLUEHCTB MaKCUMasbHOW y6uHbl 418 TOro, YTo6bl YCTAHOBUTL, Kak BUA pacnpefesieHns Heco-
BEPLUEHCTB ry6UHON MeHee YpOBHSA MPUEMKM B/IMSET HA MakCUMasbHYI OXuAaemyt ryobuHy HecoBepLUeHCTBa B KO-
NOHHe Tpyo.

Mpy 3TOM 6bINN NPUHATBLI Cnegylolme AoNyLLeHUs:

- nocne NpoBefeHUs KOHTPOMA pacnpefeneHne HecoBepLUEHCTB Obl10 OTCEYEHO MO YPOBHIO MPUEMKM, B AAHHOM
cnyyae paBHOM 5 %;

- yacToTa BbISIBIEHUS HECOBEPLIEHCTB rNy6uHol 6onee 5 % HOMUHANBHOW TOMLWMHBI CTEHKM cocTaBnseTt 3 %,
T. €. cywectByeT 3 %-HasA BEPOATHOCTb TOr0, YTO ry6MHa camoro rny60Koro HecoBepLUeHCTBa Ha HENPOKOHTPOINPOBaH-
Holi o6cagHoli Tpy6e cocTtaBnsieT 6osiblie 5 % HOMWHA/IbHON TOMALWMHBI CTEHKM;

- HecoBepLUeHCTBa NOAUYMHAITCA pacnpefeneHuio Beibynna. Takoe pacnpefeneHve NpuHATO A8 YNpoLeHus,
NoCKOJIbKY ero dopmMa MOXeT OblTb SIerkO M3MEHeHa Mpu NOMOLLM MapameTpa HaknoHa pacnpegeneHus.

[Janee Ha pucyHkax NpuMBeAEHO CpaBHeHWe Buaa pacnpejesieHUs HecOBEpLUEHCTB C pacnpefesieHMeM camblX
rny6oknx HecoBeplUueHCTB ansa 50 Tpy6. Ha aTux pucyHkax Bug pacnpefesieHus HecoBepLUeHCTB Mo rybrvHe Ha nNpous-
BOJIbHOW Tpy6e xapakTepu3yeTcs napameTpom pacnpegeneHus Beiibynna b. PacnpepgeneHne otcevyeHo no rnybuHe
HecoBeplueHcTBa 5 %. Mo mepe yBenuueHuss napametpa b ¢ 0,5 o 4 KoapdmumeHT BapraLmmn pacnpeneneHms cHuxa-
etca ¢ 224 % po 28 %. PyHKUMM MIOTHOCTM BEPOSITHOCTM A1 3TUX pacnpefenieHnii nokasaHbl Ha pucyHkax B.5—B.12
CMOWHBLIMU [INHUAMW.

1— opHa Tpy6a; 2 — mMakcumym 50 Tpy6
MpumeyvaHunsa
1 Mo ocn X — rnybuHa HecoBepLUeHCTBa B NPOLeHTax HOMWHAIbHON TOMLWMHbI CTEHKN.
2 Mo ocn Y — pyHKUMA NNOTHOCTU pacnpenesieHns BeposaTHOCTHU.
3 MapameTp pacnpegenenus Belibynna b — 0,5, cpegHee 3HavyeHne — 0,81 %, cTaHgapTHOE OTKIOHEeHNe — 1,82 %.

PucyHok B.5 — CwmelleHne pacnpefenieHus B CTOPOHY HECOBEPLUEHCTB
He3HauNTesIbHOW ry6UHbI NPU OYEeHb BLICOKOM KO3(hduumeHTe Bapuauun
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MpumeyvaHwnsa
1 Mo ocn X — rnybuHa HecoBepLUeHCTBa B NpOLeHTax HOMWHasIbHON TOMWMHbI CTEHKN.

2 Mo ocn Y — hyHKUMA NNOTHOCTU pacnpenesieHns BeposaTHOCTHU.
3 MapameTp pacnpegenexus Beibynna b — 1,0, cpegHee 3HadeHne — 1,43 %, cTaHAApPTHOE OTK/IOHeHMe — 1,43 %.

PucyHok B.6 — 3JKcnoHeHuuanbHoe pacnpepeneHue rny6uHbl HECOBEPLLEHCTB
C BbICOKMM KO3(WhMLIMEHTOM Bapuauum

YA
250 -

1— ogha Tpyba; 2 — wakcumyw 50 Tpyé

MpumeyvyaHunsa
1 Mo ocn X — rnybrHa HecoBepLUEHCTBAa B MPOLEHTaX HOMUHA/IBbHONW TOJLWUHBI CTEHKMN.

2 Mo ocn Y — pyHKUMA NNOTHOCTU pacnpenesnieHns BeposaTHOCTHU.
3 MapameTp pacnpegeneHus Beibynna b— 2,0, cpeaHee 3HauyeHne — 2,37 %, cTaHAapTHOE OTK/IOHEHWe — 1,24 %.

PucyHok B.7 — Bonee paBHOMepHOe pacnpefiesieHMe HecOoBEepLUEHCTB B UHTepBasie
c koathchmymeHTom Bapuaumm npnbnusntTenbHo 50 %
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MpnmeuvyaHunsn
1 Mo ocn X — rnybuHa HecoBepLUeHCTBa B NPOLEeHTax HOMWHA/IbHON TOMLWMHbI CTEHKW.

2 Mo ocn Y — pyHKUMA NNOTHOCTU pacnpenesnieHns BeposaTHOCTHU.
3 MapameTp pacnpegenexus Beibynna b — 4,0, cpegHee 3HadeHne — 3,31 %, cTaHgapTHoe oTk/IoHeHne — 0,93 %.

PucyHok B.8 — CwmelleHne pacnpefieneHusi HECOBEPLUEHCTB B CTOPOHY HECOBEPLUEHCTB
3HAUNTENbHON rNy6uHbI NpU koadhchrnuneHTe Bapuaymm npuénmsnTensHo 30 %
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1— npauas Beibynna npn napanerpe b, paswon 0,55

MpumeyvaHunsa
1 Mo ocn X1 — In rny6uHbl HECOBEPLLIEHCTBA B NPOLEHTAX HOMUHANbLHOW TOMLMHBI CTEHKU.

2 Mo ocn X2 — rny6rHa HEeCOBEpLLEHCTBA B NPOLIEHTAX HOMUHA/IbHOM TOMLIMHBLI CTEHKM.

3 Moocn YI — In [-In (1-BepOSATHOCTB)].
4 Mo ocn Y2 — dhyHKUMS KYMYSIATUBHOIO pacnpegeneHus.

PucyHok B.9 — BepxHuil yuacTok pacnpegeneHus riy6uHbl HECOBEPLLEHCTB Tuna
3akaTa BepOSATHOCTHOW wWkKanbl Benbynna
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a- OpHa Tpy6a, cpefHuii 3anac npo4yHocTv -1,3 b - Camoe rny6okoe HECOBEPLLEHCTBO
ans 50 Tpy6, cpefHuit 3anac npodHocTy - 1,3

c- OpHa Tpy6a, cpedHuii 3anac npoyHoct - 1,5 d- Camoe rny6oKkoe HecOBEpPLLIEHCTBO
onsa 50 Tpy6, cpegHwin 3anac npoyHocTn - 1,5

1—b=40,2—b=20,3—b=10, 4— b=0,5; 5— 30Ha OTKaza; 6 — 30Ha Ge30MacHOCT\

MpumeyaHusa
1Mo ocn YT PcaplPapp.
2 Mo ocn Y — ko3ahuUMEHT NPOYHOCTU MPU paspyLUeHnn.

PucyHok B.10 — BnusiHme pacnpefeneHns HesHauuTe lbHbIX HECOBEpLIEHCTB HA pacnpejeneHue
BEPOATHOCTM CTOMKOCTU K MAACTUUYECKOMY paspyLleHuto
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MpumevaHunsa

1 Mo ocn X — napameTp pacnpegeneHuns Beibynna b.
2 Mo ocn Y — BEpPOATHOCTb OTKasa.

PucyHok B.11 — CpaBHeHWe BNUAHUS BuAa pacnpefesieHnsl Ha BEepPOSiTHOCTb OTKasa OAHOIN Tpy6bl
N KOMOHHbI TPYy6 (CpeaHwuii 3anac npoyHocTn — 1,3)

MpumevaHnn

1 Mo ocn X — napameTp pacnpegenexua Beiibynna b.
2 Mo ocn Y — BEpOATHOCTb OTKasa.

PucyHok B.12 — CpaBHeHue BNUsIHUSI BUAA pacnpefesieHns Ha BepOosiTHOCTb OTkasa OAHOM Tpyobl
N KOMOHHbI TPY6 (CpeAHuid 3anac nNpoyHocTn — 1,5)

LUTprXOoBble IMHUN Ha 3TUX PUCYHKaX NPeAcTaBAA0T NAOTHOCTA BEPOATHOCTM Haubosee ry6oKUX HECOBEPLLEHCTB
Ans 50 Tpy6. 3T0 CBSA3AHO C (PYHKUMSIMU NAOTHOCTM BEPOSITHOCTU M HAKOMEHHOW BEPOSITHOCTM OCHOBHOTMO pacnpegene-
HUA camblIX Ty60KMX HECOBEPLUEHCTB B NPOW3BO/LHO BbIGPaHHOM Tpy6e. AT pacnpegesieHne Takke 0TCEYEHO Mo YpoB-
HIO MpremMKkn 5 %. Bug aTux OYHKUWIA NAOTHOCTWM BEPOSITHOCTM NpefesibHbiX HECOBEPLUEHCTB 03HAYaeT, YTo HaubGosee
BEPOATHbI HECOBEPLUEHCTBA rNy6uUHOI nopaaka 5 %. [eicTBUTeNbHO, NOCKO/IbKY OCHOBHOE pacnpejesieHvne Hecosep-
LWEHCTB MO rNy6uHe OTCEUYEHO MO YPOBHIO MPUEMKM, TO Haubosiee BeposiTHas rNy6uHa HECOBEPLUEHCTB paBHa 3TOMY
YPOBHI0. 3TOT 3(DPEKT CTAHOBUTCA Go/lee 3aMeTHbIM C YBe/IMYeHMeM napameTpa OCHOBHOIO pacnpefeneHus b.
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Haxe B TOM criyyae, korga pacnpegerneHue BeposiTHocTu cmeweHo k 0 % (npw b, pasHom 0,5), Hanbornee BeposT-
Hoe camoe rnybokoe HeCOBepPLIEHCTBO UMeeT rmybuHy 5 %. B aToM cnyvae umeeT MecTo paBHOMEPHOe pacnpegeneHve
B uHTepeane o1 3,5 % 80 5 %.

Pacnpegenenvne ¢ nokasartenem HaaeXHOCTM MepBoro nopsiaka P, paeHeiM 0,5, ABnseTcs Hauny4wuM npubnuxe-
HUeM K d)aKTVI‘-ieCKOMy pacnpegeneHnio HeCOBepLLEHCTB, eClin NpUHUMAaeTCA BO BHUMaHNE TONbKO FJ'Iy6VIHa HecoBep-
WeHCTB 6e3 yyeTa BO3MOXHOCTM MX HanoxeHws. [poBoauncs NpubnmanTenbHbll aHanvm3 HeCOBEpLUEHCTB rny6uHon,
npesbiwatowen 5 % HOMUHANBHON TOMNWMHBLI CTEHKW. [1py 3TOM BEPOSITHOCTB TOrO, YTO rMybuHa HeCOBEPLUEHCTBA NPEBbI-
euT 5 %, npuHumanack 4ns Tpybel paBHon 5 %. OTOT aHanua nokasar, YTo BepXHWUI y4acTok pacrnpeaeneHus rmybuHel
HeCOBepLUEHCTB COOTBETCTBYET 3HAYEHWIO NapameTpa pacnpegenenus Berbynna b, pasHomy 0,55, cM. pucyHok B.9.

UeTbipe rpachuka Ha pucyHke B.10 nokaabiBaloT, kakum 0Opa3oM MeHSIeTCHA pacrpeerneHve BepOosTHOCTM nnac-
TUYECKOro paspylleHuss TpyObl B 3aBUCUMOCTM OT BUAA pacnpegeneHnsi HeCOBEpLLEHCTB FMyOWHOM MeHee YPOBHSI npu-
emku. [py 3TOM NpYHMMAIOT criegyrowme JonyLLeHUs:

- 0ObIMHOE COOTHOLWEHWE MpeaernbHOro AaBneHuns U OeUCTBYIOWEro AaBNeHus! Pcap/Papp;

- cpegHun 3anac npoyHoctn — 1,3 n 1,5, Mog 3anacom NPOYHOCTU MOHMMAETCs OTHOLWEHUe cpeaHero AaBreHus
NNacTMYecKoro paspyLeHus 1 AelCTBYIOWEro gasneHusl. Tak, ecrnu oTkas npoucxoauT Npu OKPY)XHOM AaBneHuW, pas-
HOM Mpegeny NPOYHOCTU, TO 3anac NPOYHOCTU paBeH cpegHeMy OTHOLLEHUIO MPeAenbHOro AaBMeHnsl K AeNCTBYIOWeMY
OaBNeHunIo;

- K03PMUMEHT Bapuaummn 3anaca npo4vHOCTN paseH 5 %;

- HOPMMpPYEMas MPOYHOCTb Peay/Pap, TPYBbI ¢ HecoBeplieHcTBOM paBHa (1 — dj)Peap/Pa
HEeCOBEPLWEHCTBA, %, UM JO0NA HOMMHANBHOW TOMNWMHBLI CTEHKW;

- pacrpepeneHne HeCOBEpPLUEHCTB NpeacTaBnsieT cobon yceueHHoe pacnpegenenne Belbynna, B KOTOpPOM rnybu-
Ha HECOBEPLUEHCTB OrpaHnYeHa ypoeHeMm npuemkn 5 %. dopma aToro pacnpegeneHns MeHsieTcsl B 3aBUCMMOCTU OT
napameTtpa b, npuuyem b, paeHblit 0,5, cooTBETCTBYET HanboNbLLEN U3MEHYMBOCTU NPU BOMNbLUIMHCTBE HECOBEPLEHCTB
rny6uHol, 6nnakon k 0, a b, paBHbIi 4, COOTBETCTBYET Marnol u3aMeH4UMBOCTU Bonee rny6oKnx HECOBEPLLEHCTB.

OTu rpadvkv NOKa3bIBAIOT, YTO BUA pacnpedeneHnsi HWKe YPOBHS NPUEMKN HE OKa3biBaeT 3aMeTHOIO BMWAHUA HA
pacnpeaeneHne OTHOWEHUS Pegn/Pagp,. M0 8TUM rpadbvkam MOXHO orpeaeninTe BEPOSTHOCTb 0TKa3a B BUAE BEPOSTHO-
CTH, CBA3AHHOMN C Peap/Pap, = 1. Ha pucyHkax B.11 n B.12 nokasaHo cpaeHeHWe BEPOSTHOCTM OTkasa Tpy6bl C cambiM
rnyboKUM HeCOBEpPLUEHCTBOM B KONoHHe M3 50 Tpy6 ¢ BEpOSITHOCTBHIO OTKasa OAHOM MPOM3BONbLHO BbIGpPaHHOW TPyObl C
TaKMM HECOBEPLUEHCTBOM.

M3yueHne 3TOro KOHKPETHOro Criydas NoKa3biBaeT, YTO pefkue 3Ha4uTenbHble HECOBEPLUEHCTBA 0Ka3biBaloT 60-
nee 3Ha4MTenbHOe BIMAHWE HA BEPOATHOCTb OTKA3a, YeM CyMMapHOe BO3AEWCTBUE YacTO BCTPEYAIOWUXCH HE3HAYM-
TeNbHbIX HECOBEPLIEHCTB rMyOUHONM MeHee ypOBHS MpueMkn. IToT GakT 6bin ucnonb3oBaH ansa paspaboTkm pacyeTa
cToikocTn Tpybbl K NNacTUHeckomy paspyLleHuio Npyu BEPOSAITHOCTHOM noaxoge. BepoaTHocTb paspywenus Tpy6ebl
ABNAeTCA OyHKUMEW pacnpeneneHus BEposiTHOCTM Mnpegerna npPoYHOCTM METanna, TONWMHbI CTEHKM U HeonpeaeneHHo-
cT1 ngeanmsauun. OgHaKO HanMYne HECOBEPLUEHCTBA MOAENUPYETCs No AeTepMUHMCTUYECKOMY nogxoay. [pu BeposT-
HOCTHOM noaxofe B (hopMyne OaBneHusi NNacTUHeckoro paspyLleHnst rybruHa HecoBeplweHCTBa NPUHMMAETCA PaBHON
MakcMmanbHON JonyCcTUMON rMybuHe, T. €. paBHOW YPOBHIO Npuemku. BnusiHne HecoBepweHCTBa HAa BEPOATHOCTL OTKa-
32 y4UUTbIBAETCSH MO YacToTe NOSBNEHWs1 HECOBEPLLEHCTB rMyOuHONW, paBHOW YPOBHIO NpUEMKU. B pekomeHayemon mopae-
Ny 3Ta YacToTa NMPUHUMAETCS PaBHOW YacTOTe MOSIBIIEHUS HECOBEPLUEHCTB OCTPON (hOPMbl NPU NOBTOPHOM KOHTpoOne

Tpyb.

pps TAE d; — rnybunHa
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MpunoxeHve C
(cnpaBoyHOe)

MeTopA, UCMbITaHVs! Ha paspyLLeHVe

C.1 KoHupI 06pa3sLoB

Mpy npoBeAeHUN UCMbITaHUA Ha paspylleHne [O/MKHO ObiTb BbINOIHEHO YM/IOTHEHWE TOPLOB TPYy6 NpuBapHbIMY,
BCTaBHbIMM Npobkamu (Hambosniee pacnpoCTpaHeHHbIi MeToa) uanM pe3bboBbIMKW Npobkamu (CTaHAapTHble pe3bO0oBble
CcoeANHEeHNs UK CoeMHEHUs1 NpeMuyM). XOTS CyLecTBYIOT UHble MeTOAbl UCMbITaHWi, HanpuMep ¢ TopLueBbIMU Npo6ka-
MW, CaMo3aTsArMBaloWMMIUCA NPW NOMOLLM LEeHTPasIbHOTO CTATUBAKLLETO NPYTKA, OHU UCMOMb3YHTCSA Peako, co3gatoT
Apyroe HanpshkeHHOe COCTOsIHME W MPUBOAAT K APYIMM pe3ynbTaTaM WUCNbITaHUA, NO3TOMY UX NPUMEHEHWe He Jonycka-
etcsa. MNpu ncnbiTaHUM Ha paspylueHne Ha TpyGy € TOpLEBbIM YN/IOTHEHUEM [eliCTBYeT OCEBOE HanpshKeHue, co3jaBae-
MOe BHYTPEHHVM AaBfieHWEM XWAKOW cpeabl HA TopueBoe ynioTHeHne. OceBOe HanpshkeHWe paBHO MPUMEPHO MOJIO-
BMHE CPEeAHEero TaHTeHLMaNlbHOTO HanpshKeHWs, 3a CYeT Yero BO3HUKAET Harpy)XeHHoe COCTOsiHMe, KOTOpoe Mo Teopuu
TekyyecTn hoH Museca co3gaeT MakCUMaslbHO BO3MOXHOE BHYTPEHHEE [AaBJfIEHME.

C.2 MyHMMasibHas osinHa obpasua

C.2.1 lNpeanocbuiku

B ctaHgapTe [2] no ucnbiTaHWAM 3KCMyaTalMOHHbIX XapakTepUCTUK COeAMHEHU HACOCHO-KOMMNPECCOPHbIX U
ob6cagHbiXx Tpy6 OblAM NpuBEAEHbl pekoMeHAauuMu Mo UCNOoSb30BaHWD AN UCNbiTaHui Tpyb (oTpeskoB Tpy6) Aau-
HoW He MmeHee 8,4(R/f)12 wnn no 6osee NO3AHUM pekoMeHpauuMsMm B cTaHgapTe [2], pucyHOK 1 — AnvHON, paBHOW
[+ D + 6(D tf2).

Takaa gnuHa obecneynBaerT:

- paccTosiHne OT TopueBoi npobkn, paBHoe 3(Df)1/2, Heo6xoguMoe ANA UCKNIYEHNST TOPLEBOro adhdoekTa,;

- nosefAeHne otpeska Tpybbl ANNHON, paBHON D (HOMUHA/IbHOMY HapyXXHOMY AnamMeTpy TpyObl), kak 6€CKOHEeYHO
OJIMHHOTO umnuHgpa (Tpyba MnosiHoi ANuHbI) 6e3 BAMAHUSA TopueBoro addekra;

- pacctosiHme oT MyddTbl UK coeauHeHns, paBHoe 3(Df)1/2, Heobxoanmoe ANA UCKNKYEHUS TOpUEBOro adhdekta
OT MyPTbl UM COELUHEHUS.

B ctaHgapTtax [1] v [2] npuHATa Takas Xe MUHUMasbHas gavHa obpasua.

C.2.2 TpeboBaHUSA K MUHUMa/IbHOM A/1MHe

[ns cobniogeHnss faHHOrO MeTofa WUCMbITaHUSi Ha paspylleHue MUHMMasbHas ANnHa AOJ/HKHA COOTBETCTBOBATb
TpeboBaHuaAM cTaHgapToB [1] u [2], kak noka3aHo Ha pucyHke C.1.

a Ocb MydoTbl.

D — HOMUHaNbHbI HapyXHbliA AnameTp Tpy6bl; t — HOMVHA/IbHAA TOSMLLMHA CTEHKM TPyObl
1 — TopueBasi Npobka; 2 — Tpyba (OTPE30K TPydbI)

PucyHok C.1 — MuHMManbHas anvHa o6pasua ANn8 UCNbITaHUs Ha paspylleHue

C.3 lNpunoxeHne agasneHus

WcnbiTaHnsa Tpy6 Ha paspyllieHue Ao/DKHbl MPOBOAMTHLCA C MCMO/Ib30BAHMEM BOAbl U BHYTPEHHEro HasIMBHOrO
naTpy6ka. HanueHoil naTpybok MCMONb3yT 4718 YMEHblUeHNA 06bema BOAbl U COOTBETCTBEHHO MVHMMM3auuK 3ana-
CEHHOIl aHeprun B Lenax obecneyeHns 6esonacHocTU. DTO NO3BOMSAET TaKkKe YMEHbWWTb paspylleHne Tpyobl A0 YpOB-
HA, o6ecneynBaroLLEro OTCYTCTBME Kaknx-nnbo nocnefcteuii. B ctangapTtax [1] v [2] ckopocTb HarpyeHus orpaHvunBa-
eTca 34,47 MMa/mMuH. Mpy co3gaHny paspyLiarLero AaBfeHns HauMHaeTcs TeyeHue NAacTUYHOro meTasnna Tpyobl U no
Mepe pasgyBaHus Tpybbl y TUMNOBLIX HACOCOB /1ab0paTOPHOro TWNa CKOPOCTb HarpyXeHWs 3HauuTeslbHO CHWxaeTcs. o
[JOCTVXEHUN [aBneHns Bbllle AaB/eHUSA TEKYYECTU BbIKOYAETCA Hacoc (3akpbiBaeTcs knanaH), Tpy6a B TeYeHWe Heko-
TOPOro BpPeMEHW Npofo/KaeT pa3fyBaTbCA U COOTBETCTBEHHO MOHMXAeTcA gasrieHue. Mo 3aToil mpuunHe faBreHue
Heo6xo4MMO NpoAo/MmKaTb NpuKNadbiBaTh Ha ckopoctn 6,90 MMa/MvH unn Huxe.

Ana n3mepexus/perncTpauynn AaBneHUs XUAKOW cpedpl cnefyeT UCMob30oBaTh AAaTuuK AaBneHus. Jartuuk, pac-
NOJIOXEHHbIV Ha KOHUe Tpy6bl, NPOTUBOMOJIOXXHOM HarHeTaTe/lbHOMY Tpy60onpoBoAy, MO3BOMASAET UCKIOUYUTb CKauku
M3MEepPAEMOro AaBfieHNs, BO3HMKaKLWMe K3-3a X0Aa MOPLHA Hacoca. lNpeAnovTUTENbHO UCMOb30BaTh LMKGPOBYO CUC-
TeMy cbopa AaHHbIX C 4acTOTOW perncrpauum He pexe OAHOroO pasa B 5 ¢. Takas yacToTa 3anucu No3BOSUT 3aperncTpu-
poBaTb AOCTUTHYTOE MaKCMMaslbHOe AAaBfiEHNE, a KOHEYHOe AaBfieHne paspylleHns 06bIYHO Ha HEeCKOsIbKO MPOLLEHTOB
MeHbLUe JOCTUrHYTOr0 MakCUMaslbHOro AaB/eHus.
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Mpunoxexne D
(cnpaBouHoe)

PacueT AaBneHUst XpynKoro paspylueHus

D.1 PaspywieHne Tena Tpy6b1 n3-3a CBOMCTB MeTanna

B HacTosiwem npunoxeHnn onucaHbl HOPMyIbl, KOTOPbIE MOryT 6bITb NPUMEHEHB! ANA pacyeTa AaBneHus, Npu
KOTOPOM MpOM30IAET paspylueHue TpyObl BCreacTBrue pacnpoCTpaHeHUst UMEeloLEIcsl OCTPON TPELLUMHBI UIK 3apoXxae-
HWS1 M POCTa HOBOW OCTPOI TpewmHbl. DTK DOPMYIbI YNPYronnacTUHeckoro paspyLUeHnsl pacnpocTpaHsiioTCs Ha TpyObl 13
NNacTU4YHOIo, XPYNkoro MeTanmna unu metanna ¢ NpoMeXyTO4HbIMWU CBOMCTBaMU. [laHHbie dhopMynbl paclumpsioT Aen-
CTBME APYIMX AEVCTBYIOWMX CTAHAAPTOB NO MEXaHWKe pa3pyweHns Ha Bce BuAbl HETAHBIX M ra3oBbiX cpen. Popmynsl
MOIyT 6bITb MPUMEHEHBI MPU YCIOBUU 3KCNEPUMEHTANbLHOIO onpeaenenns koadduumeHTa BA3KOCTU pa3pyLlUeHuss me-
Tanna Kimat B ONpeAeneHHon cpeae. [ina TOHKOCTEHHbIX TPYS TPyAHO NPOBECTU AOCTOBEPHbLIE MCTIBITAHKUA AN onpeae-
nenus kimqt- B HacTosiwee BpeMsi He pa3paboTaHa KOHUEenuUst 3MNMPUYECKOro onpeneneHnst Kyt NPy HEBO3MOXHO-
CTW €ro onpefeneHnsl 3KCNepPTUMEHTAlbHbLIM MyTEM.

CywecTByeT ABa TMna Xpynkoro paspyLleHuns: pa3pyweHne BCneacTBue pacnpoCcTpaHeHns CyLLECTBYIOLWEN Tpewwm-
Hbl W pa3pyLueHue BCrieACTBUE 3apoXaeHUst U CTabunbHOroO pocTa TpewuHbl B TOM MecTe, Iie paHee He 6bU10 BbISIBNEHO
TpewuHbl. Paspywenne nepsoro tuna, onucanioe e D.2, npoucxogut BCneaCcTBME NEpPErpy3ky BEPLUMHbI TPELWWHbI Ha-
NPSPKEHNEM BBICOKOW MHTEHCUMBHOCTU U ONPEAEnseTca No NPUNOXEHHOMY HanpshKeHWIO, pa3mepy TPELMHbI U BA3KOCTH
paspyweHus metanna B onpeaeneHHon cpege. [anHbi Tun paspyweHna B3aMMOCBA3aH C TPELMHON OnpeaeneHHoro
pa3mepa 1 yCcrioBUsIMU, B KOTOPbIX HAYMHAETCA pacnpocTpaHeHWe TpewwnHbl WY NPOMCXOQuT OCTAHOBKA pacnpocTpaHe-
HUST TPELLMHBI.

PaspyweHnue BTOpOro tuna, onucaHHoe B D.3, npeacraBnsaeTt cobon o6pasoBaHne TpeLUMHbI NMo4 BIUSIHUEM OKpY-
Xawwen cpedel, KOTOpoe NMPOUCXOAUT U3-3a COUETaHUA AEVUCTBUS HAaNPsHKeHWUs!, MeTanmna U OKpyKalolen cpeabl u Ans
KOTOpOro He TpebyeTca HanMune paHee CyWeCTBOBaBWEro HecoBepweHcTBa. [laHHoe pa3spylueHue CBSI3aHO C COCTOs-
HMEeM, KOTOpoe nopoxaaeT CTabunbHbIM POCT TPELWHLI, KOTOPOW MOFMO He BblTb M3HaYanbHo. [ocne BO3HMKHOBEHWS
TpelwmHa cTabunbHO pacTeT, NOKa OHa He CTaHeT AOCTaTOMHO 6ONblWON W HEe JOCTUIHET COCTOSIHUSI HecTabunbHoro
pacnpocTpaHeHuss TpewwuHbl A0 paspylwenus. Pactpeckvueanne nog BNMAHMEM OKPYXKalOLWEn cpepbl MOXET NPOU3ONTH
HE3aBUCKMMO OT PACNPOCTPAHEHUs1 TPELWMHbI, T. €. Ans NPefoTBPAaLLEHUsT paspyWweHna BCNeaCTBUE pacTpecKUBaHWSA
JOIMKHbI ObITE COBMoAEHbI YCNOBUsI, onpeaerneHHbie no ¢opmynam, npueeaeHHeim B D.2, n kputepuin noporoeoro Ha-
npskeHusi, NpueegeHHbI B D.3. 9T0 03HaYaeT, YTo CyleCTBYIOT ABa NpeAenbHbIX 3HAYEHUA, KOTOpble AOMKHbI ObITh
cobntogeHsl ANs NpefoTBpalLEHUsl pacTPECKUBaHUSA, M UTO 06a npefenbHbIX 3HAYEHUS 3aBUCAT OT HaNPsXXEHUs 1
BSI3KOCTW paspylleHusi MeTanna B gaHHOW cpefe.

D.2 Mogenb pacnpocTpaHeHWA TPeLMHbI

D.2.1 O6wmne nonoxeHns

Moaxon kK Mofeny pacnpocTpaHeHUst TPELMHBI, OMNMUCLIBAEMbIN B HACTOALWEM NMPUNOXEHUW, aHANOTUHEH NOAXOAY,
MCMNOSb3yeMOoMy Arisi ornpejereHunsl nokasarenei aKCeryaTauMoHHbIX CBOMCTB COCyaoB, paboTalowmx nog AaeneHnem, n
LUIMPOKO MCMOSb3yeTcsl 4Nl NPOrHO3VUPOBaHUA MPUIOQHOCTU 3TUX M3Aenui AnA UCNONb3OBaHUA NO Ha3Ha4YeHuio. Ypaer-
Csl COXpaHWUTb LENOCTHOCTb TPECHYBLUMX M3JENUA C UCMONb30BaHMEM PEKOMEHAAUMIN CTaHAAPTOB NO MEXaHWKe paspy-
LeHuns1, TAKMX Kak B cTaHgapTax [25], [26] v [27].

PacueT nokasaTtenein 3KcrnryaTauMoHHbIX CBOMCTB TPyD, OCHOBaHHLIM Ha Npeaene NPOYHOCTU MPU PacTKEHUM,
npegene Teky4ecTn U Apyrux CBOMCTBaxX MeTarnrna, a Takke pasmepax Tpyb, He OXBaTbiBaeT PaspyLeHni, BOSHUKAOWMX
BCMNeACTBUE pacnpOCTPaHEHUsl HECOBEPLUEHCTB TUNAa TPELLMH, KOIAa paspylueHWe onpeaensieTc UHTEHCMBHOCTBIO Ha-
NpsPKEeHVI BO3ne TpelmHbl. Korga koathdUUNEHT MHTEHCUBHOCTM HanpsbkeHUM B BEPLUMHE TpeLuMHbl K QOCTUTHET KPUTU-
YeCKOro 3Ha4YeHWs! Kinqa, TPELLMHA pacnpoCcTpaHsieTcsl U paspylieHne TpyObl CTAHOBUTCA HEM3BEXHbIM. 3HaqYeHne Kinat
3aBUCKT OT OKpY»KaloLLen cpefbl U MeTanna.

B HsS-cogepxawmx cpepax kimat OyaeT meHblue, YeM B cpefax, He cogepxawmx H2S, u pexum paspylweHns
MOXeT BNUATb Ha AaBreHue paspyleHust Tpybol. [Mokasatens Kjpg MEHSIETCA B 3aBMCUMOCTU OT (DaKTOPOB OKPYXalo-
wew cpegpl (cogepxanmne HoS, Temneparypa, pH v 1. a.). NMocne onpepenexnns 3Toro nokasarensi B xoge nabopaTopHbIX
UCMbITAHWI KOHKPETHOro MeTarnmna B onpeferneHHOW OKpyXXalLen cpeae OH MOXeT ObiTb MCMONb30BaH AnA OLUEHKK
LienocTHOCTU TPyBbl C HecoBepLIEHCTBaMM B TakoW Okpyxalolen cpepe. MNMokasatensd ki, MOXHO paccMmatpueaTb, Kak
BSI3KOCTb paspylueHusl, Heo6xoaMMylo Arsi NpeJoTBPALLEHUS UM OCTAHOBA AanbHEWLWEero pacnpocTpaHeHus TPewWwmH B
aTol cpege. [N coxpaHeHUs1 LENOCTHOCTU TPyObl 3HAYeHUE Kinat LOIKHO ObITb 4OCTATOYHO BLICOKUM, 4TOOLI He
[ONyCTUTL PacnpoCTpaHeHusl TPELMHBI B JAHHOW Cpepfe aKCrnyartaumm.

[ns oueHkn UenocTHOCTH Tpybbl BO BCEM MHTEPBAre Xpyrnkoro v nractm4yeckoro paspyLluieHnsi MOXHO UCMONb30-
BaTb Auvarpammy OLEHKM BeposiTHOoCTU paspywenusi (FAD). duarpamma FAD npeacraensaet coboli rpacduk 3aBUCMMOCTH
KoachnumMeHTa MHTEHCUBHOCTU HaNPsDKEHWUN (K, unu J;), OTIOXEHHOro No ocy opauHarT, oT koadduumueHTa Harpy3km (L),
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OTNOXEHHOro Ha ocu abcuwcce, rge k. npeacTaensieT coboit oTHOWEHNE NPUNOXEHHOTO K K Kiyat, @ L, — OTHOWeHne
NPUNOXEHHOW Harpysky K npegdenbHol Harpy3ke. B gaHHOM cniyqae npegenbHas Harpyska obbl4HO npeacTaBnser co-
6ol annpokCUMaLMIo Harpy3ku, NPy KOTOPOW BO3HUKAET SIBIIEHME TeKydecTn Tpybbl ¢ TpewmHon 6e3 pocta TpeLmHbI.
Ins 6onee geTanbHOro 03HAKOMIIEHWS C OLEHKOW BEPOSITHOCTU Pa3pyLUEHNA — CM. CCbINOYHbIE AOKYMEHTBI N0 MEXaHW-
ke paspywenus B [28]. FAD, cooTBeTcTByiowas copmynam pacnpoctpanenns TpewmH (D.1) n (D.3), pacnpocTtpaHsaercs
Ha ynpyroe v ynpyronnacrmyeckoe rnoeegeHuwe metanna. Y metansios, NNacTMyHbIX B KOHKPETHON cpeae, 3HAYEHNEe Kpmat
6yaeT 3HauMTenbHbIM U AaBneHue paspywenus ByaeT COOTBETCTBOBATH ynpyronnactuieckon vactu kpuson FAD. Y me-
Tannoe, Xpynkux B onpedeneHHol cpeae, 3HauyeHne Kinat OyAeT HM3KkMM n gaeBnenve paspylwexuns 6yaet cooTeeTcTBo-
BaTb ynpyron 4actu kpueon FAD.

Ana nony4eHus gaHHbIX O nokasatene Kiy,e 6bin mcnonb3oBaH pag o6pasuoB ANA UCNBITAHUA HA MeXaHUKY
paspyweHnus. Ons nonyveHus gaHHbIX O nokasartene kimat MeTanna Tpyb ans nuHelrHbix TpybonpoBoaos (Takke n3sec-
THOM, KaK NokaszaTterb Kimgt PacTpeckvBaHuA nog AeWCTBUEM HaMpsiKeHUN B CepoBOAOPOACOAEPXAMX cpeaax) Wnpo-
KO ucnonb3oBanucek o6pasubl B BUAE ABYXKOHCONbHOW Ganku. Takon obpaseu onucaH B ctaHgapte [29] ana metopa D.
Ha Ttakom obpasue genaetcd Hagpes Wnv npeasapuTerbHO HAHOCUTCA TPELMHA, KOHUbI ABYXKOHCOMNbHON Gankn yaep-
XKMBaKOTCS OTKPLITBIMU MPU MOCTOSIHHOM CMELLEHUU MYTEM HarpyXeHusi C MOMOWBIO KNuHa. [1ByxkoHconbHaa Ganka
HarpyxaeTcsi HacTornbko, YTO6blI KOSMMDUUMEHT MHTEHCMBHOCTU HaNPSDKEHUIA B BEPLWIMHE TpewmHbl K 6bin Bblwe Kjyat
meTanna. HarpyxeHHblli 06pasey nogsepraeTcsi BO3AEUCTBUIO UCTIbITATENbHON cpedbl (Hanpumep, BOGHOTO pacrteopa
cepoBoaopoaa). BHavane TpewmHa pacteT u Harpy3ka nagaet (CMeLleHne NOYTU MOCTOSIHHO), NPUNOXEHHbIN K Napaer,
noka He JOCTUrHET Kjmat, M pacnpocTpaHeHne TpelmHbl ocTaHoBUTCS. Yepes HekoTopbli nepnoa nocrne ocTaHOBKU
pocTa TpelMHbl U3MEPEHHOE 3HaYeHWe YCUnust yaaneHusl KnuHa u3 ABYXKOHCONMbHOro obpasua u namepeHHas anuHa
TPewWwmHbl UCNonb3yTea AnA pacyeTa k nocne ucneitanusi. Ha atom atane kjmae paseH k.

OueHKy nokasaTenel skcrniyaTauMOHHbIX CBOUCTB TPyD Ansi NpOBEPKU UX rOgHOCTU ANsl NPUMEHEHUA MO Ha3Have-
HUIO MOXHO BbINOMHUTL C WUCMONBb30BaHNEM Kimat, COOTBETCTBYIOLLENO KOHKPETHOW cpeae, NPeAcTaBnsiowen uHrepec.
Ons oueHkM gaBneHus paspyleHus o6cagHbIX 1 HACOCHO-KOMMNPECCOPHLIX TPy6 B onpepgeneHHon cpede Tpebyetcs
n3MepeHne Kimqt B 3TON CpPeae 1 ero cpasHeHne C MakCMMaribHbIM 3HaYeHueM K B npegernax KOMMoHeHTta. 3HadveHune k
3aBUCUT OT reoMeTpumn TpyObl, reEOMeTPUM HECOBEPLUEHCTBA W MPUNOXEHHOW Harpy3ku. [pu nobom gaHHOM xuMuUuec-
KOM COCTaBe yBenvueHue npepenia TekyyecTn O6blMHO BefeT K MOHUXEHUIO 3HAYEHUS Kimat- OAHAKO Kimat MOXET
YBENUYMBAaTLCA MW YMEHBLIATBCA C YyBENMUYEHMEM npederna TeKy4ecTu Npyu M3MEeHEeHUW XMMMYECKOro COCTaea, a Takke
TeXHomnormMm TepmoobpaboTky M TeXHONOMMM Npom3BoacTBa. TemnepaTypa, pH 1 KOHUEeHTpaums MOHOB cynbduaa BIMSIIOT
Ha BA3KOCTb paspylieHus nog Bo3gencTBuem cpegbl. [pu yBenvuennn Temnepatypbl U pH BSI3KOCTb pa3pylueHust me-
Tanna nog BO3AEWCTBMEM cpefbl TakKke yBenuyineaetcsa. MukpocTpykTypa Taioke MOXeT NOBNUATL Ha BA3KOCTb paspy-
WeHWs1 Noa Bo3dencTBreM cpedbl. Y MeTannoB ¢ 6onee BbICOKMM cogepxaHUemM npogykToB (hasoBbIX NpeBpaweHun,
Taknx Kak 6eMHUT 1 NepnuT, BA3KOCTb Pa3pyLLIEHNS NOA BO3AENCTBUEM CPEAbl HUXKE, YeM Y METaNmMoB, MMEIOLLMX MapTEH-
CUTHYIO CTPYKTYpY. [NOBbIlWEHVE NapLUManbHOrO AABNEHUS CEPOBOAOPOAA NOHWXKAET BA3KOCTb paspylleHus nog Bo3aen-
cTBUeM cpeabl. MapuranbHoe AaBrieHne cepoBOAOPOAA PACCHMTHIBAIOT Kak Npou3BegeHne abconioTHOro AaBneHus n
MOMSIPHOW [0nu CepoBoaopoaa B rase.

D.2.2 flonyweHns n orpaHn4YeHns

Hwxxe npvBeaeHsl gonyweHus Anst MeToda ¢ mcnonb3oBaHuwem kpueson FAD:

- Y4YMTbIBAETCH TOMBKO paspyllieHve ¢ hopmMmupoBaHmem TpewmH tuna |. TpewwmHa aT1oro tuna pacnpocTpaHsieTcs
nepneHanKynspHO K NPUITOXKEHHON Harpy3ke, T. €. NPOUCXOQUT YBENUYEHNe WUPUHBI TPELWWHDBI, a8 HE CABMI, KaK Y TPELUWH
Tvna ll, unn cpes, kak y TpewwH Tvna lll;

- B kavecTBe obLuien ocHoBbl aAns kpyveol FAD ncnonb3yetca MexaHuka ynpyronnactuyeckoro paspyLlueHusi, Hauu-
Hasa oT J-uHTerpana. NokasaTtenb k sIBNSeTCS KpUTEpUEM ANA TPeLlMHbl B CTEeHKe TPyObl B pamMkax NUHENHON Teopum
ynpyroctu. MNepeceyenune k. v kpuBon FAD onpepensieT gaenexHne paspywenuns. MnybuHa HecoBepleHCTBa TUNa TpeLum-
Hbl MPW STOM AO0IBKHA OblTh MPUHATa PABHOW KOHTPOINBbHOMY YPOBHIO HACTPOWMKU 0BGOpYAOBaHUS;

- Tpy6a npuHumaetcs 6eCkOHeYHO ANMHHOW ¢ GECKOHEYHO AMWHHBIM HeCOBEpLUEHCTBOM TUNa NpogorbHON Tpe-
LLMHbI;

- MPOAOMbHasA TPEeLLMHa HAaXoAMTCS Ha BHYTPEHHEW NOBEPXHOCTU TpyBbl. BrnsaHue NpogonbHOW TPeLWwMHbI Ha BHYT-
peHHel NOBEepPXHOCTU TPyObl HEMHOTO MeHbLUE, YeM BIUsIHUE UOEHTUYHOW TPEeLUHbI HA HAPY)KHOW MOBEPXHOCTU TPYObI;

- AaBleHVe AenCTBYeT Ha KPOMKU TpeLwyHsbl;

- npegenbHble 3HAYEHUS OABIEHWNS NIacTUYECKoro paspylwenns nogd AeNCTBMEM OCEBON HArpysku Pr, (kak
ykasaHo B 7.5) 03HaualoT paspyLleHue no TUMy NNacTUYeckoro paspyLueHust.

D.2.3 ®dopmyna npegenbHbIX 3HAYE€HNN pa3pyLUeHNsA

MpegenbHoe JaBneHue paspylwenus Tpybbl onpegensitotT no dopmyne (D.1), ee Henb3si pelunTb B IBHOM BUAOE
Ans BHYTPeHHero gaeneHusi P, Npy KOTOPOM MPOM30MAET paspylleHue, ero HY>KHO OnpeaensiTb MeToaoM uTepauui
nyTem YMCMOBOrO KoavpoBaHWs unu rpaduyecku. Gopmyna (D.1) ocHOBaHa Ha MexaHWke paspyllieHnsl U npeacTasnsaet
coboli hopMyny Ans onpegeneHvsl NpeaenbHOro AaeneHus paspyweHnsl BCreacTBue pacnpocTpaHeHusl CyLLecTBEHHON
TpewwuHbl. Popmyna (D.1) He nogxoauT ANs cnydas paspyLueHus Npyu BO3ZelcTBUM OKpyxKaloLwen cpeabl Tpy6, He umeto-
WMX TPELLMHbI 3HaYNTENBHON TMNyOuHbI.
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2
5 5 P (%) (ma)"’?
(1- 01412)[0.3+07 exp(-085L8)] = .
[(D) - (Q - t) :|klmat
2 2
(D.1)
2 3 4
_ a a _ a a
x 12Gg ZG1Q—t+3GZQ—t 4G3Q_t +5G4Q—t
2 2 2 2
unn P = PRrg, €CNn PRy MeHble pewwenusi no dopmyne (D.1),
P S+a

rae L, — kosdduUWeHT Harpysku, paBHbii L, = ﬂ 2 ; (D.2)

P — BHyTpeHHee gaBneHue npuv paspywenun, MMa;

d — BHYTPeHHWI anameTp TpyObl, paBHbIi (D — 21), mm;

{ — HOMMHanbHasA TONWWHA CTeHKU TPybbl, MM;

D — HOMMHAnNbHLIN HApYXXHBIN guameTp TpyObl, MM;

a— B hopmMyne npegenbHblX 3HaYeHWn — Hanbonblwas akTuyeckas rmybuHa HecoBepLIEeHCTBa TWMNa TPELUMHBI;
B (hOPMyNne NPOEKTHbIX MpeAerbHbIX 3Ha4YeHU — MakcumarbHas rnybuHa HeCOBEpPLUEHCTBA TMNAa TPELUMHBI,
HEBbISIBMEHHOIO CUCTEMOW KOHTPOIS;

Oy — Mpejen Teky4ecTn npeacTaBuTernbHOro obpasua npu pactsvkennmn, MMa;

Kimat — KO3 PULMEHT BA3KOCTU paspylieHns mMeTanna B onpegeneHHon cpege, MMa - M2

Go, G1, Go, Gz, G4 — koadhbdmumeHTsl BNnAHUS Ansa kpuson FAD npegenbHbIX 3Ha4eHWi;

Pir — BHyTpeHHee gdaBreHvie npu NNacTM4eckoMm paspyweHun Tpybel ¢ TopueBbIM ynnoTHeHnem, MMa;

Pira — Pir C monpaekoi Ha OCeBYIO HarpysKy U HapyxHoe gasnenve, Mla.

JleBas yacTb dopmynel (D.1) npeacraensier cobori kpusyto FAD. lNMpaBas yacte cdopmynel (D.1) npeacraenset

coboi koahHULMEHT MHTEHCMBHOCTU HAMPSDKEHWIA K.

B Ttabnuue D.1 npuBegeHbl ncnonedyemele B dopmyne (D.1) koachduumeHTl BnnsiHua Gy, Gy, G,, Gz, G4 ana

NPOAOCIIbHOW TPeLWWHbl, PacnonoXeHHOW Ha BHYTPEHHeW MoBepxXHOCTU TPy6bl. BnusiHne 3Tol TPELWMHB HEMHOMO MEHb-
Wwe, Yem TPeLLMHbl Ha Hapy>XHOW NMOBEPXHOCTK TPYyObI.

Tab6nwnuyaD.1 — 3HadveHust KoadprumeHToB BNMAHUA ansa kpueson FAD

difunm d,, /1t alt G, G, G, G, G,
4 0,0 1,120000 0,682000 0,524500 0,440400 0,379075
4 0,2 1,242640 0,729765 0,551698 0,458464 0,392759
4 0,4 1,564166 0,853231 0,620581 0,503412 0,427226
10 0,0 1,120000 0,682000 0,524500 0,440400 0,379075
10 0,2 1,307452 0,753466 0,564298 0,466913 0,398757
10 0,4 1,833200 0,954938 0,676408 0,539874 0,454785
20 0,0 1,120000 0,682000 0,524500 0,440400 0,379075
20 0,2 1,332691 0,763153 0,569758 0,470495 0,401459
20 0,4 1,957764 1,002123 0,702473 0,556857 0,467621
40 0,0 1,120000 0,682000 0,524500 0,440400 0,379075
40 0,2 1,345621 0,768292 0,572560 0,472331 0,402984
40 0,4 2,028188 1,028989 0,717256 0,566433 0,475028
80 0,0 1,120000 0,682000 0,524500 0,440400 0,379075
80 0,2 1,351845 0,770679 0,573795 0,473108 0,403649
80 0,4 2,064088 1,042414 0,724534 0,571046 0,478588

M pnmeyanune— KoabduumeHTsl BMusiHKUA Gy, G4, Go, G3, G4 NpuBeaeHbl B COOTBETCTBUM CO CTaHAApPTOM [27].
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B cranpapre [27]