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FOCT P 54918—2012

Mpepncnosue

1MoArOTOB/EH Moakomutetom MK 7 «Tpy6bl Hape3Hble HedITAHOro CopTaMmeHTa» TeXHUYeCKoro kommTe-
Ta no ctaHgaptusaummn TK 357 «CtasibHble 1 YyryHHble TPyObl 1 6a/1710HbI» Ha OCHOBE ayTEHTUYHOrO Nepesoja Ha
PYCCKMIA A3bIK YKa3aHHOIO B NYHKTE 4 MeXAyHapoAHOro ctaHgapTa, KOoTopblii BbinonHeH OO0 «Cneunanv3npo-
BaHHas nepesofyeckas hupma «HTepcepsuc»

2 BHECEH TexHuyeckum kommTteToM no ctaHgapTmsaumm TK 357 «CTanbHble U YyryHHble TpyObl 1 6a/1/10HbI»

3YTBEPX/EH VI BBEJIEH B IENCTBVE Mpuka3om PeaepasibHOro areHTCTBa No TEXHNYECKOMY perynu-
poBaHuio 1 MeTpoiorum ot 27 noHa 2012 . Np 123-cT

4 HacTtoswuii ctaHAapT ABAsieTcs MOANMULMPOBaAHHBIM MO OTHOLLEHWIO K MeXAYHapOo4HOMY CTaHAapTy
MCOAO 10400:2007 «MpOMbILLIEHHOCTb HehTAHaA 1 razoBast. PoOpMy/ibl M pacyeTbl N0 ONpeAeseHunIo XxapakTe-
pUCTUK 06CaAHbIX, HACOCHO-KOMMPECCOPHbIX, BYpUIbHBIX TPY6 1 TPy6ONpoBOAOB, NCNOb3YEMbIX B kKayecTse
06caHbIX UM HACOCHO-KOMMpeccopHbIX Tpy6» (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»)
nyrem:

- U3MEeHeHUs OTAENbHbIX CN0B ((hpas, 3HaYeHWii NokasaTtenei, CCbIOK), BblAeNEHHbIX BTEKCTE HAaCTOALLEero
cTaHfapTa KypcvBOM:

- U3MEHEHUSA OTAENbHbIX CTPYKTYPHBIX 31€MEHTOB (MYHKTOB, NOANYHKTOB, ab3aleB, TEPMUHOIOMNYECKMX
cTaTeil, Tabnuu, 1 PUCYHKOB), BblEEHHbIX B TEKCTE HACTOSAILLEr0 CTaHAapTa KYpCMBOM ¥ NONYXUPHOI BepTUKaslb-
HOV NIHKEN, PacrnooXeHHON Ha NONSX 3TOro TeKCTa:

- BHECEHVSA AONONHUTENbHBIX CNOoB (dhpas, 3HaueHui Nokasartenei, CCblokK), BblAENEHHbIX B TEKCTE HACTOA-
LLlero cTaHgapTa noyXvpHbIM KypcrBOM,;

- BHECEHMS AOMOMHUTENBHBIX CTPYKTYPHbIX 3/1EMEHTOB (NoApa3fenos, NyHKTOB, NOANYHKTOB, ab3aues, Tep-
MWHOOTMYECKNX CTaTel, TabunLL U PUCYHKOB), BbAENEHHbIX B TEKCTE HACTOSALLLEro CTaHAapTa Noy>XVpHO BepTH-
KanbHO IMHWEN, PacrnosioXeHHOM Ha NOMSAX 3TOr0 TEKCTa,;

- U3MEHEHWs ero CTPYKTYpbI AN1A NpUBEAEHNS B COOTBETCTBUE C npasuiamu, yctaHosneHHsimm B FOCT P 1.5
(noppasgensi 4.2 n 4.3). CpaBHEHWE CTPYKTYPbl HACTOSLLEr0 CTaH4apTa Co CTPYKTYPOi yka3aHHOTo MexayHaposa-
HOro cTaHgapTa npuBefeHo B A0NONHUTENBHOM NPUIoXeHnn [A.

HavmeHoBaHve HacTosLLEero ctaHaapTa USMEHEHO OTHOCUTE/TIbHO HaUMEHOBaHWSA yKka3aHHOro MexayHapog-
HOro ctTaHgapTa Ansa npueefeHus B cootseTcTBre ¢ FOCT P 1.5 (nogpasgen 3.5).

Mpu npYMeHeHnN HacToALWEero cTaHgapTa pekoMeHayeTCs UCMOob30BaTb BMECTO CCbI/IOYHbIX MeXAyHa-
POAHbIX CTaHJaPTOB COOTBETCTBYIOLLME VM HaLMOHa/bHbIE CTaHAapTbl Poccuiickoli efepaumnu n Mexrocyaap-
CTBEHHblE CTaHAapTbl, CBEAEHUSA O KOTOPbIX NPUBEAEHbI B JONOTHUTENLHOM NpunoxeHun b

5 BBEJEH BINEPBbIE

MpaBuna npyMeHeHNss HacTosAw ero cTaHgapTa yctaHoBneHol BFOCTP 1.0—2012 (pa3gen 8). NHdop-
mMauuns 06 U3IMEHEHUSIX K HacTosaWweMy cTaHAapTy ny6aunkyeTcs B eXerogHomM (Mo coCTOAHUI0 Ha 1 aHBaps
TekyL,ero roga) MHopMaLuMoHHOM yka3aTene «HaunoHanbHble CTaHAapThl», a ouumnanbHbii Te KC T n3me-
HeHWi N NonpaBoK — B eXXeMeCAYHOM MH(hopMaLIMOHHOM Yka3aTene «HaunoHanbHble cTaHgapThl». B cnyyae
nepecMoTpa (3ameHbl) UIMOTMEHbI HACTOSALL ero cTaHgapTa COOTBETCTBYIO L ee yBeoM/IeHne 6yAeT onyo-
JINKOBAHO B 6/naillem BblNycke exxeMeca4yHoro MHhopmaLuMoHHOro ykasatensa «HaunoHanbHble cTaHgap-
Tbl». COOTBETCTBYIO W as UHPOPMaLMS, yBeJOM/EHNE UTEKCThl pasMeLLalnTca Takxke B UH(hOpPMaLMOHHOM
cucteme o6LLero NoNb3oBaHNsA — Ha ohuumanbHoOM caliTe ®efepanbHOro areHTCTBa No TEXHUYECKOMY pe-
rynMpoBaHuio umeTponorun scetn MHTepHeT (gost.ru)

©CTaHgapTuHdgopMm, 2014

HaCTOFlLLI,I/II‘;I CTaHOapT He MOXeT 6bITb NOHOCTLIO NN YACTUYHO BOCNpounsseaeH, TMpaxmnposaH 1 pacnpo-
CTpaHeH B Ka4ecTee O(bVILI,I/IaJ'IbHOI'O n3gaHmna 6e3 paspelueHna defepanbHOro areHTCTsa no TeXHNYeCcKoMy pery-
nnpoBaHuio U meTponornn

n



OKC 75.180.10

M3meHeHne Ne 1 FOCT P 54918—2012 (ISO/TR 10400:2007) Tpy6bl o6cafHble, HACOCHO-KOMMpeccop-
Hble, 6ypunbHble N Tpy6bl AnA Tpy6onpoBOA0B HEPTAHOW 1M ra30BOI MPOMbILIEHHOCTU. POpPMYbI 1
pacueT cBOIiCTB

YTBEpXAEHO 1 BBeAEHO B gelicTBue MNpukasom defepasnbHOro areHTCTBa N0 TEXHNYECKOMY perynnpo-
BaHMi0o U MmeTponorum ot 29.09.2020 Ne 691-cT

[arta BBegeHns — 2021—04—01

BBegeHue. MaTbiii a63al. Vcknountb cnoBa: «6YpunbHbIX TPY6 U», «ans TpybonpoBoAOB»;

LecToi ab3au. MepBoe nepeyncneHre N3NoXnTb B HOBON pefakuum:

«- AOMONHEHbI (HOPMY/bl U peKoMeHaauny Ans 06cafHbIX U HACOCHO-KOMNPECCOPHbIX TPY6, N3roTOBASA-
eMbix no FOCT 31446,

BTOPOEe nepeuncneHve. 3ameHnTb cokpaweHne: HKT Ha HKTH;

cefbMoli ab3al, U3N0XWTb B HOBOI peAakumu:

«®opMysbl N pekoMeHAaLMN HACTOSLWEro cTaHAapTa MoryT ObiTb NMPUMEHEHbI AN1A pacyeToB XapakTe-
PUCTUK 1 CBONCTB NOJOGHBLIX 06CafHbIX N HACOCHO-KOMMNPECCOPHbIX TPY6 1 Tpy6 Ana Tpy6onpoBogoB, npu-
MEeHsIeMbIX B Ka4yecTBe 06cafHbIX N HACOCHO-KOMMPECCOPHbIX TPy6, B TOM yncne ¢ noAo6bHbIMU pe3b60BbIMU
COEeLMHEHUSIMU, N3FOTOB/ISIEMbIX MO Pa3/IMYHON HOPMATUBHOM AOKYMEHTAL M.

Pasgen 1. Btopoii a63au. 3amMeHWTb CnoBa, «KPYTAWMWA MOMEHT MPY CBUHYMBAHUM» HA «MOMEHT
CBUHUMBAHUA», «KPUTUYECKME pa3mMepbl» Ha «KpUTUYeckue napameTpbl» (3 pasa);

YyeTBepTLIN, LWecToli 1 BoCcbMOl ab3aubl. 3aMeHUTb ccbiiky: FTOCT P 53366 Ha TOCT 31446 (3 pasa);
NCKNIOYNTL ccbliky: FTOCT P 54383 (3 pasa);

nATbIA ab3al. 3ameHnTb cnoBa: «C TeMu Xe YC/I0BUSMU HACTOSILUIA CTaHAapPT MOXET ObiTb UCMO/b30-
BaH A1 pacyeTa CBOWCTB GYpWU/bHbIX TPy6» Ha «HacToswmii ctaHgapT MOXeT 6biTb MCNONb30BaH ANA
pacueTa Macchl Tena 6ypunbHbIX TPy 6 no FTOCT 32696 nocne Bbicafkn, a Takxe pacyeTa YA/IMHEHNS NOL,
Harpys3koli, Mpy KOTOPOR focTuraeTcsa Npegen TeKy4yecTun aTUX Tpy6».

Pasgen 2 n3noxutb B HOBOW pefakuum:

«2 HopMmaTuBHble CCbINKN

B HacTosilLeM cTaHfapTe UCMO0/b30BaHbl HOPMATMBHbIE CCbISIKM HA cneayoLine CTaHAapTbl:

FOCT 31446 (ISO 11960:2014) Tpy6bl cTanbHble 06cafHble 1 HACOCHO-KOMMNPECCOPHbIe A5 HehTAHO
1 ra3oBoii NPOMbILLINEHHOCTU. ObLMe TeXHNYeckne ycnosus

FOCT 32696 (ISO 11961:2008) Tpy6bl cTasibHble BypubHbie A8 HETAHOW U ra3oBOA NMPOMbILLIEH-
HOCTW. TeXHUYEecKue ycnoBus

FOCT 33758 Tpy6bl 06CcafHble 1 HACOCHO-KOMNPECCOopHble U My(pTbl K HUM. OCHOBHble nNapamMeTpbl U
KOHTPO/Ib pe3b60BbIX coeAnHeHn. ObLme TexHnYeckme TpeboBaHus

FOCT 34057 CoeguHeHusi pe3bboBble 06caHbIX, HACOCHO-KOMMPECCOpPHbIX TPY6, TPy6 Ans Tpybonpo-
BOJOB 1 pe3b60Bble Kanmbpbl 418 Hux. ObLme TexHuyeckne TpeboBaHns

FOCT 34380 (ISO 10405:2000) Tpy6bl 06cafiHble Y HACOCHO-KOMMNPECCOpPHbIe A/151 HE(PTAHOM 1 ra3oBoii
NPOMBILLNIEHHOCTU. PekoMeHgaumm no akcnayatauum n 06CnyxmBaHmio

FOCT ISO 3183 Tpy6bl cTanbHble Ana Tpy60npoBoA0B HE(PTAHON 1 ra3oBO NPOMbILLIEHHOCTU. ObLwmne
TEXHUYECKNE YCNoBUS

NMpumeyaHune — MNpnNoNbL30BaHUN HACTOSLMM CTaHAAPTOM Lieslecoo6pa3Ho NPOBEPUTH AeliCTBUE CCbINOYHbIX
CTaH4apToB B MHDOPMALMOHHOI cucTEME 06LLErO NONb30BaHUSt — Ha 0hMLManbHOM caiiTe PefepanbHOro areHTcTea no
TEXHUYECKOMY PeryiMpoBaHuio U METPOJIOrUN B CETU VIHTEPHET UN NO eXerofgHoMy MHGOPMaLMOHHOMY ykasaTento «Ha-
LiMOHa N bHbIE CTAHAAPTbI», KOTOPbI/ OMy6MKOBAH NO COCTOSIHWIO Ha 1 SiHBaps TekyLlero roga, v no Bbinyckam exemecsy-
HOTO MHOPMaLMOHHOIO ykasatens «HaunoHanbHble CTaHAapTbI» 3a TekywWwuii rog. Ecnm 3aMeHeH CCbINOYHbINA CTaHaapT,
Ha KoTopblii AaHa HefaTUpOBaHHAas CCbiNka, TO PEKOMEHAYETCA MCMNO/b30BaTh AENCTBYIOLLYI0 BEPCUIO 3TOrO cTaHhapTa
C yYeTOM BCeX BHECEHHbIX B [JlaHHYI0 BEPCUIO U3MEHEHWA. ECNM 3aMeHeH CCbIIOYHbBIN CTaHAAPT, Ha KOTOPbIA AaHa faTu-
poBaHHas CCblfka, TO PeKOMEHAYeTCs UCMNO/b30BaTb BEPCUIO 3TOTO CTaHAAPTa C YKa3aHHbIM BbILIE FOA0M YTBEPXKAEHNS
(NpuHATWS). Ecnn nocne yTBepXAeHUA HaCTOSLWEero cTaHAapTa B CCbIIOYHbIA CTaHAAPT, Ha KOTOpbI AaHa AaTupoBaHHas
CCblNKa, BHECEHO M3MEHEHME, 3aTparnBatllee NON0XEHNE, HA KOTOPOE AaHa CChiNKa, TO 3TO NOMOXEHNE PEKOMEHAYETCS
npUMeHATL 6e3 yyeTa JaHHOTO N3MEHEHUA. ECnu CCbINOYHbI cTaHAapT OTMeHeH 6e3 3aMeHbl, TO NOI0XeHNE, B KOTOPOM
[laHa ccbifika Ha HEro, PeKOMeHAYeTCsl NPUMEHSATL B YaCTW, He 3aTparnBatLLeil 3Ty CCblKy»:

CHOCKY * K pasfiefnly 2 UCK/IIUUTL;



(MpogomkeHne Namerennsa Ne 1k FTOCT P 54918—2012)

no BCeMy TEeKCTy CTaHAapTa 3aMeHWUTb CCbIKM:

«FOCT P 51906» Ha «[TOCT 34057»;

«[OCT P 53365» Ha «[TOCT 33758»;

«[OCT P 53366» Ha «[TOCT 31446»;

«[OCT P 54383» Ha «TOCT 32696».

Pazgen 3 gononHUTbL TepMuHamn 3.22. 3.23;

«3.22 onacHoe ceyeHue (dangerous section): MNonepeyHoe ceyeHne TPyobl UM MydpTbl, B KOTOPOM

HanpshKeHus, Bbi3biBaeMble Mof AeCTBMEM BHELUHUX YCUIUA, MakCUMaslbHbl.

3.23 cpbiB BUTKOB pe3b6bl (pull-out of the thread): MnacTnyeckasa gechopmaums BUTKOB TPEYrobHOM

pe3bbbl NPU pacTsXKeHUW, NPUBOASALLANA K BbIXOAY pe3bbbl U3 3aLensieHns».

Paszgen 4. VicknounTb cnoBa: «AQj, — naowaab KpUTUUYECKOrO MONEepeyHoro ceveHnss 6onee cnaboro
KOMMOHEHTa COefMHEHNS»;

3aMeHNTb 0603HaYeHne: «</, — anameTp BNaguHbl pe3bbbl MydTbl B MI0CKOCTY TOpLa TPyObl Npy Mexa-
HMYECKOM CBUHUYMBaAHUW» Ha «dJC— AnameTp BnaanHbl pe3bObl My Tbl B OMACHOM CEYEHUMN»:

nosicHeHusi o6o3HaveHnii A A(p, EC U3noxunTb B HOBOI peAakuuu:

«AC— nnowaab oNacHoro ceyeHns MydTbl;

A)0 — nnowagb 0NacHoOro cevyeHust Tpyobl;

Ee — cpegHuii guameTp pe3bbbl nocepeanHe MydTbi»;

AONONHUTL 0603HAYEHUSAMU (B COOTBETCTBUM C TATUHCKUM andasuTom):

«dBH— BHYTpeHHwWii guameTp pe3bbbl B OCHOBHOI NIOCKOCTY;

£, — cpefHuii anameTp pe3bObl B NI0CKOCTU YMIOTHEHUS;

Jn— paccTosHue oT Topua Tpybbl 0 cepeanHbl MydTbl MNPV PYYHOM CBUHYMBAHWK,

/0— paccTosiH1e oT Topua TPyObl 0 OCHOBHOW MI0CKOCTY;

/2 — paccTosHue oT Topua My Tbl 40 YNOPHOIO ycTyna».

Pa3gen 5. no BceMy TeKCTy cTaHAapTa 3amMeHuTb cokpalieHme: HKT Ha HKTH.

Moapasaen 9.1 U3NOXNTb B HOBOW peAakuuu:

«MpOYHOCTb pe3b60BbIX COEUHEHNI ABNAETCA NoKa3aTesiemM Le/IbHOCTH, a He nokasaTeseM repMeTny-
HOCTU coeAnHeHns. Ana obcagHbix TPyO npefenbHas Harpyska MOXeT paccumTbiBaTbCA MO Npefeny Teky-
4ecTU WM NO paspyLLUeHNI/CPbIBY pe3bObl CoeANHAEMbIX 3/1eMEHTOB. [iNA HACOCHO-KOMMNPECCOPHbIX TPyo6,
Korga Ko/IoHHa TPy6 MOXeT MHOrOKpaTtHO MOAHMMATbLCA W OMyCcKaTbCs B CKBaXWHY, MpefefibHas Harpyska
06bI4HO onpeaensieTcs No npegeny TeKy4ecTn COefMHAEMbIX 3/IEMEHTOB».

MoanyHKT 9.2.2.1 U3N0X1Tb B HOBOW pefakuuu:

«MpoyHOCTb coenHeHNii o6caaHbIX TPY6 € TpeyronbHoi pe3bboii LC n SC onpefensioT Nno MUHUManb-
HOI CTOMKOCTY K pa3pyLueHnto TpyObl B 0NacHOM cedeHun (Mo BnaguHe nocnefHero Butka pesbbbl € NOHbIM
npodniem), CTOMKOCTU K CPbIBY BUTKOB pe3bObl TPYyObl UM CTOWKOCTM K paspylleHntio mydel. Mpu onpege-
NIeHHbIX pa3mepax MydTbl ee MPOYHOCTb MOXET 6bITb MeHbLUE NMPOYHOCTU TPYy6bl. MPOYHOCTL MydIThHI Onpe-
[enslT e onacHoM ceyeHuun (Mo BnaguHe pe3bbbl MyddTbl B NAOCKOCTY Topua TPyObl NPWM MeXaHU4Yeckom
CBUHYMBAHUN)».

MoanyHKT 9.2.2.3. 3aMeHnTb 0603HaYeHne: «/.4» Ha «L,»;

nepBblil ab3al, M3N0XMTb B HOBOI peaakuumn (Kpome nepeyncneHunii).

«[Ansa pacyeTa NpOYHOCTU COeVHEHN A 06cafHbIX TPY6 M My T € TpeyrosibHoi pe3b6oii Heo6XoaUMbI
cnepylolime NCXoaHble AaHHbIe:»;

BTOpOWA a63aL, UCKTUMTL (KpOME NepeUuncieHnii):

[OMNONHUTL 0603HAYEHNAMM:

«A-C— nowagb 0NacHoro ceveHns MydTbl, MM2;

N1 p— nnowagb onacHoro ceyeHus Tpyobl;

d — BHYTPEHHUI gnameTp TPy6bl, paBHbIli (D - 2t), Mm:

dp — AnameTp BnaguHbl pe3b6bl MyddThl B ONACHOM CeYEHUU, MM;

J15— BbicOTa NPonNsA TPEYronbHON pe3bbbl, MM:

L, — obwas annHa pesbbbl Tpy6bl, MM;

M — paccTosHue oT Topua My Tbl 40 NJIOCKOCTU PYYHOTO CBUHUMBAHUSA, MM>.

MopanyHKT 3.2.2.4. MNepBbIii ab3al, M3N10XKNTb B HOBOW pedakuuu:

«PacuyeT NpoYHOCTM COeAuHEHWn 06cafHbiXx TPy6 C TPeyrosibHOW pe3b60oii NPoBOAAT MO NPOYHOCTU
TpyO6bl, NPOYHOCTW BUTKOB pe3bObl TPYObI HA CPbIB MM NPOYHOCTU MYQITbI»;

2



(MpopomkeHne ViameHenna M? 1k FOCT P 54918— 2012)

BTOpOW ab3al, 3M10X1Tb B HOBOI pefaKuuu:
«PacyeT Ha NPOYHOCTb TPY6Obl NPOBOAAT MO crneaytouei hopmynes;
dopmyny (55) N3N0XNTb B HOBOW peaakuum:

_ 4.98980 0591, yenp
«4=0-95 AjpLet (55)».
0.5L* - 0.140  £*+0.140

copmyna (58). 3ameHUTb 0603HaYeHne: «d2» Ha «d2»;

dopmyna (59). MoscHeHnss 0603HaveHnii A|Cu APU3N0XNTL B HOBO pefakuum:

«Ac— nnow,ajb oNacHoro ceyeHns mydTbl:

A p— nnouwaab 0NacHOro ceyeHus Tpyobl»;

3aMeHUTb 0603HaYeHUs: «E4» Ha «E,»;

«d, — gnameTp BnaguHbl pe3bbbl MydTbl B NI0CKOCTM TopLa TPyObl NPy MeXaHUYeCKOM CBUHYMBAHMMN
Ha «dC— anameTp BnaguHbl pe3bbbl MydTbl B ONACHOM CEYEHUN, MM»;

[O0MNOTHNTb 0603HAYEHNAMU:

«£, — 06Llas goivHa pesbObl TPYObl, MM;

M — paccTosiHme oT Topua MydTbl 40 NIOCKOCTU PYYHOTO CBUHUMBAHUSA, MM»;

[0NoNMHUTL ab3auamu:

«KoadhcpmuymeHT 0.95 B chopmynax (54) n (55) yunTbiBaeT CTaTUCTUYECKYIO MOFPELUHOCTb (hOopMy/ibl
MHOXECTBEHHOW perpeccuy 1 No3BonsieT WCMOMb30BaTb MWHUMalbHblE MOKasaTenum NpPoOYHOCTW BMECTO
CpefHNX 3HaYEeHWA.

Moapo6HocTn paspaboTku hopmyn (54) n (55) — cm. ctaHgapT (3)».

MoanyHKT 9.2.3.1 M3N10XUTb B HOBOW pefakuuu:

«[poYHOCTL coeamnHeHnI obcafHbIX TPY6 ¢ TpaneuenaanbHoi pesbboii BC, OTTM u OTTI onpege-
NA0T N0 MMHUMasIbHOW NMPOYHOCTM TPYObl € ONacHOM cedYeHumn (M10CKOCTKN Bbixoga pe3bbbl — ana BC,
NA0CKOCTU KOHUa cbera pe3bbbl — ans OTTM n OTTI) unm NpoYyHOCTM MydTbl B ONAaCHOM ceveHun (no
BrMaguHe pe3bbbl MydTbl B NJOCKOCTM TOpLa TPyObl MPU MEXaHU4YeCcKOM CBUHUYMBAHUWN — A1 COeAUHEHWNN
BC n OTTM, no BnaguHe pe3bbbl Myd Tbl B N/I0OCKOCTU Havyana pe3bbbl TPy6bl NPU MEXaHUYECKOM
CBUHUYMBaAHUN — ANA coeguHeHus OTTI)».

MopnyHkT 9.2.3.3. MosicHeHne 0603HaYeHNs AB U3/I0XNTb B HOBOW pefakumu:

«AB — paccTosiHue oT Topua My Tbl JO OCHOBaHUSA TPEYroNbHOIo K/ieima npu py4YHoM CBUHUMBAHWM,
paBHoe (Jn- J). MM»;

LO0MNONHUTL 0603HAYEHNAMU:

«Ac— nsowajib onacHoro ceyeHuss My Tol, pasHasd —(D2 - d2). Mm2;

A|p — nJowajb 0nacHoro ceveHust Tpybbl, paBHas 4l (D2 - d2), mm2;

diC— amameTp BnaguHbl pe3b6bl MyhTbl B ONACHOM CEYEHNUU, MM>».

MoanyHKT 9.2.3.4. 3aro/I0BOK U3/10KUTb B HOBOW pefakumun: «PopMysibl MPOEKTHON MPOYHOCTU»;

nepBblil ab3aL, M3M10XNTb B HOBOI peAakLmu:

«PacueT Ha NpoYHOCTbL COoeAMHEHUI 06caaHbIX TPY6 € TpaneuenaanbHol pe3b6oii NpoBOAAT MO NPOY-
HOCTW TPYObl 1 NPOYHOCTN MYdThI»;

BTOPO ab3aL, N3N10XUTb B HOBOW pefakuuu:

«PacyeT Ha NnpoyYHOCTb TPY6bl NPOBOAAT MO cieaytoLeit hopmyne

P- =0,95A.paumnp 1.008 0,00156 1,0B3-=- |d (60)»;
°unmp

TpeTuin ab3al, 310X1Tb B HOBOI peaaKLmu:
«PacueT Ha NpPoYHOCTL MydhThbl NPOBOAST NO CreAytoLLein hopmyne»;
¢opmyna (61). 3ameHUTb 0603HayeHue: «Ap — MaoWaAb MOMEPEeYHOro ceveHuss Tpybbl, paBHas

j(D 2- d2), mm2» Ha «Ajp — nowaib ONacHOro cevyeHus Tpy6bl, paBHas i.(D2- d2). mm2»; «d, — Auna-

MeTp BrnaguHbl pe3b6bl MyddThl B NIOCKOCTM TopLa TPy6bl NPy MEXaHUYECKOM CBUHUMBAHUM, MM» Ha «d)C—
AnameTp BnaAvHbl pe3b6bl My Tbl B ONACHOM CEUYEHUN»-.
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nosicHeHne 0603HayYeHns A® N3N10XUTb B HOBOWA peaaxkynn:

«A-C— nnowaib 0nacHoro ceyeHus MydTbl, paBHas —(D* - d£), MM2»;

dopmyna (62). 3ameHuTb 0603HaveHne: «d,» Ha «dc»;

[0ONONHUTBL ab3alamu:

«KoahdpuumeHT 0,95 B chopmynax (60) v (61) yumTbiBaeT CTATUCTUHECKYHO MOrPELUHOCTb POPMYbl MHO-
XXeCTBEHHOW perpeccuv 1 No3BosAeT UCMOb30BaTb MUHMMaSIbHbIE MOKa3aTeIM NPOYHOCTY BMECTO CpeaHUX
3HaYEHUIA.

Moapo6HocTn paspaboTkn dhopmyn (60) n (61) — cm. ctaHgapT [3]».

MoanyHKT 9.3.2.1 U3N10XUTb B HOBOW pefakuuu:

«[MpoYHOCTb COeANHEHNI I HACOCHO-KOMMNPECCOPHbBIX TPY6 C HEBbICaXeHHbIMU koHUaMu NU. HKTH onpe-
AensaiT No MUHUMAasIbHON CTOMXOCTKN K paspyleHnio Tpy6bl B onacHOM cevyeHun (N0 BnaguHe nocnepa-
Hero BuUTKa pe3bbbl ¢ nonHbIM npodunem — ana NU n HKTH, nnockocTu koHua cbera pe3bbbl — Ansa
HKM). Mpo4yHOCTb MY T HE YUNTbIBAIOT, T.K. M/I0LWAb OMAaCHOIo CeYeHNs 06bIYHBIX U CnelnanbHbIX MydT
Bcerga 6onblie, YeM NoLab ONacHOro CeYeHUs CBMHYMBAEMbIX C HUMU TPyO».

MopnyHkT 9.3.2.3. 3ameHnTb 0603HauveHne: «oyllb Ha «OyTnp»;

AONONHUTL 0603HAYEHUAMMU:

«["a— KOHYCHOCTb, MM/MM;

h0— BbIcOoTa Npochnna TpaneuenganbHON pesbobl, MM».

MopnyHkT 9.3.2.4. 3amMeHUTb 0603HAYEHME: «OYITIM» HA «OyTNp» (2 pasa);

nepBsblii ab3al, N30XNTb B HOBOW pefakuuu:

«PacuyeT NpoYHOCTU NPV PacTSHKEHUU ANA COeAUHEHNI HACOCHO-KOMMPECCOPHbIX TPY6 C MEBbICAXKEH-
HbIMW KOHLaMKN 1 TpeyronbHoi pe3b60oit NU n HKTH npoBogAaT no mpo4yHocTu Tpy6 bl MO cnegymollei
hopmyne»;

BTOpOi1 ab63al,. 3ameHNTb croBa: «no popmynam (60) u (61)» Ha «no chopmysne (60)».

MoanyHKT 9.3.3.1 U3N0XNTb B HOBOW pefakuuu:

«lMpOYHOCTb COEAUHEHNIT HACOCHO-KOMMPECCOPHbIX TPY6O C BbICAXEHHbIMW KOHLAMW W TPEYrosbHOM’
pe3bb6oit EU n HKTB onpeaensioT N0 MMHUMAasbHOM CTOWKOCTU K pas3pyLUeHWto TpY6bl B OMaCHOM CeYeHnn
(N0 nonepeyHOMY CEYEHMUID HEeBbICAXEHHOW YacTu TpyObl)- MPOYHOCTb NONEPEYHOrO CeYeHWst Bbica-
XXEHHbIX KOHL,0B Tpy6 No BnagvHe nocne nocnegHero BUTka pesb6bl € NOAHLIM NPOMUIEM He YUUTLIBAIOT, T.K.
nnaowagb 3TOro ceveHuns scerga 6onblue, Yem nNaowaib NoNepeyHoOro CeYeHNsa HeBbICaXEHHOW YacTun Tpyobl.
MpoyHOCTb MY Thl HE YU TbIBAKO T, T.K. N0WAaAb ONACHOIO CEYEHUSI 0ObIYHBIX U CleUnanbHbIX MyqT BCer-
fAa 6onblle, Yyem naowab ONacHoOro cevyeHns CBUHYMBaAEMbIX C HUMU TPy 6».

MoanyHkT 9.3.3.3. 3aMeHUTb 0603HAYEHNE: «OYMLL» HAa «OYTMP»;

[ONONHNTL 0603HaYeHNEeM: «d— BHYTPEHHUI AnamMeTp Tpy6bl, paBHblil (D -2t), Mm».

MoanyHkT 9.3.3.4. 3aMeHnTb 0603HaYeHNe: «Ooyram» Ha «oyTnp» (2 pasa);

nepBbIil ab3aL, U3N0XNTb B HOBOI peAakLuu:

«PacyeT NpoYHOCTM NPV pacTaXeHUn AN COefUHEHNI HACOCHO-KOMMPECCOPHbIX TPY6 € BbICXKEHHBIMU
KOHL,aMu NpoBOAAT NO NPOYHOCTU HEBbICAXEHHOW YacTu Tpy6 bl No cneaytowen popmyne».

Moppasnen 10.1. MepBbili ab3al. 3amMeHUTb cnoBa: «Tpyobl ¢ pe3bboii 1 MyddTaMu BblAEPXUBAKOT BHY-
TpeHHee fJaBfieHne, paBHOe WU MeHbLLee, YeM TpyObl 6e3 pe3bbbl U MydTbi» Ha «Tpy6bl C pe3b6oil u myd-
TaMu BblAEPXUBAIOT Takoe Xe BHYTpeHHee JaBfeHue, Kak n Tpybbl 6e3 pe3bbbl n MydTbl, KpOME cnyvaes,
Korga cnoco6HOCTb BblAepXMBaTb MeHbLUee BHyTpeHHee AaBneHue 06yCnoB/ieHa TeKyYecTblo MydTbl vnu
HeJ0CTaTOYHOWN CTOMKOCTbIO COEAVMHEHNA K yTeuykam nof AeiicTBYeM BHYTPEHHero AaBfieHus B MI0CKOCTU
YNAOTHEHUSA, OCHOBAHHOM Ha TOM AOMYLLEHWWN, YTO NIOCKOCTb YN/TIOTHEHUSA COEANHEHUIA C TPEYro/bHON pesb-
60l HaXoANUTCS B MIOCKOCTN PYYHOTO CBUHYMBAHUS, COEMHEHMI C TpaneLenanbHoi pe3bboii — B OCHOB-
HOI nocKocTU»\

BTOPOIi ab3aL, UCKTYNTD.

Moapasgen 10.2. ®opmynbl (65), (66). (67). 3ameHUTb 0603HaYeHne: «£/,» Ha «d .»;

akcnavkauumn k oopmynam (65). (66), (67). 3ameHnTb 0603HaueHune: «d, — guameTp BnajuHbl pe3bobl
MypTbl B NIOCKOCTM TOpLa TPyObl NP MEXAHMYECKOM CBUHUYMBAHWUM» Ha «djc — AnameTp BnafuHbl pe3bObl
MydTbl B ONACHOM CeYeHUMn;

yeTBepTbIii ab3al. 3ameHUTb 0603HayYeHne: «d,» Ha «dc».

Mopgpasgen 10.3. Mep.blit ab3ay. 3aMeHNTb cnoBa: «CTOMKOCTb K yTeukam nog AelcTBUEM BHYTPEH-
Hero gasneHus B nnockoctn E, nan E? paccunTbiBaloT no hopmyne (68), OCHOBAHHON Ha TOM JOMYLLEHNM,

4
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YTO YN/IOTHEHWEe HaxoguTca B MockocTn E, TpeyronbHoW pesbbbl u E7 TpaneuenganbHoW pesbbbl» Ha
«CTOIKOCTb K yTeYkam noj AeliCTBMEM BHYTPEHHErO AaBfIeHNA B N1I0CKOCTM YNIOTHEHUSA paccyMTbIBaOT Mo
dhopmyne (68)»:

dopmyny (69) N3N0XKNTb B HOBOW peaakuum.

_E7,N(pr-£?2XE?-*r)

o wow -4 (69)».

nsTblid ab3al. 3ameHuTb crioBa: «Ipy NOACTAHOBKE COOTBETCTBYOLUUX 3HAYeHUn Plpu P,p B chopmyny
(71) v ynpouweHun nony4atT chopmyny (68)» Ha «lMocKoNbKy HapyxHblli anametp MydTbl Bcerga 6onblie
cpegHero gnametpa pesbbbl, KOTOPbIV B CBOK O4epefb Bcerga 60sblue BHyTPeHHero gnametpa Tpy6bl, TO
PJpBcerga meHbLue Plps.
MyHkT 11.5.1. NMosicHeHNe 0603HaYeHNs1 J U3NI0XKNUTbL B HOBOW peaakuum:
uj — paccTosiHne OT Topua Tpybbl [0 cepefuHbl MydTbl NPU MEXaHUYeCKOM CBMHYMBAHUW, ANSA CO-
efnHeHnii HKTH, HKTB n OTTM, paBHoe (Lm/2 -L t), ana coeguHeHnin HKM n OTTT, paBHoe
(LJ2-12). mm»;
[ONONHNTL 0603HAYEHNUAMN:
«Ll — ob6uwasn gnnHa pesbbbl TPYObI, MM:
/2 — paccTosiHme oT Topua MydTbl [0 YNOPHOro ycTyna, MM».
MyHKT 11.5.2. MosicHeHWe 0603HaYeHnsT J N310XUTb B HOBOW peakuuu:
+ ] — paccTosiHne oT Topua Tpybbl A0 cepeAuHbl MyddTbl NPU MEXAHWYECKOM CBUHYMBAHWW, A5 CO-
eanHennin HKTH, HKTB n OTTM. paBHoe (Lm/2 -L {), ana coegnHeHunii HKM n OTTI, paBHoe
LL1»-
[0MONMHUTL 0603HAYEHUAMMU:
«In — o6Lwwasn agnnHa pe3bbbl TPYObI, MM:
/2 — paccTosiHme oT Topua MydTbl [0 YNIOPHOro ycTyna, MM»:

dopmyny (76) N3N0XNUTb B HOBOW peaakunm:

«AT =-/c)d *(Lm2 & J)mpe ¢ macca MydpTbl — Macca MeTanna, ygansemas npv Hape3aHun pesbObl
Ha ABYX KoHLUax Tpybbl (76)».

MyHKT 11.7.1 4ONONHUTL NPUMEYaHUEM;

«MpumMeyaHune — PaccunTaHHasi no popmynam macca My Tbl SBASETCA MPUGINKEHHBIM 3HAYEHUEM, NMOCKO/b-
Ky He yuuTbiBaeT Maccy yAaseHHOro Metanna npu BbINOMHEHUN psaa 3/1EeMeHTOB pe3b60BOro COeANHEHUs, Hanpumep,
06bIYHOW (hackn, 3aX0fHON packn, YNNOTHUTESNbHBLIX 3/IEMEHTOB COEAUHEHN C YNOTHEHUEM METaN/I-METaN».

MopnyHkT 11.7.2.2. 3aro/10BOK M3N0XNTb B HOBOI pedakuun:

«11.7.2.2 PacuyeT maccbl 06bI4HOW MydhThl 603 yyeTa Maccbl MeTanna, yaassieMoro npv BbINOSHEHUN
hacku»:

dopmyny (78) N3N0XNTb B HOBOW peAakuum.

«TC=2+7.85 m10efan (Vol. Ill); (78)».

nosicHeHns o6o3HaveHmnin Ec. E, 1 M n3noxumTb B HOBOI pefakuuu:
«Ec— cpefHuii gmameTp pe3bbbl nocepeanHe MydTsl, Ana coeguHeHunii HKTH n HKTB. cooTBeT-
cTBytownii Ec, ana coegmHenunii NU n EU — no FOCT 34057. Mm;
E, — cpegHwuii guameTp pe3bbbl B MIOCKOCTW PYYHOrO CBMHYMBaAHMSA, Ana coegnHeHnin HKTH n HKTB,
cooTBeTCcTBYlO W Min Ey ana coeguHenunii NU nu EU — no FOCT 34057. mm;
M — paccTosiHne oT Topua MydTbl O NIOCKOCTW PYYHOrO CBMHYMBAHUSA, A5 coeauHeHunii HKTH n
HKTB, cooTBeTcTBYlO W ee M, ana coeauHeHnin NU n EU— no TOCT 34057. MM».
MopnyHkT 11.7.2.3. ®opmyny (86) N3n0XUTb B HOBON pefakuun.

NC«b =2 <785 <1°'Yn (Vol. VI). (86)».
MyHkT 11.7.3. dopmyna (89). MosicHeHns 0603HaueHnii Ec, E7 J. g. KX M3N10XKWUTb B HOBOW peAakuuu:
«Ec— cpefHuii gnameTp pe3bbbl nocepeauHe MydThl, AnA coefuHeHuss OTTM, paBHbIh (d3 -
- TdLm/2 + h j, gna coeguHennin OTTI, HKM, paBHbIii du. mm;
E7— cpefHuii gnameTp pe3bbbl B OCHOBHOI M0OCKOCTU, A5 coefuHeHunin OTTM n OTTI, HKM,
paBHbI (dBHeh j, mMw.
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J — pacctosHue oT Topua Tpybbl [0 cepefuHbl MydTbl NPV MEXaHNYeCKOM CBUHUMBAHWUM, AN CO-
eauHeHunit OTTM, paBHoe (LmV/2 -L t), gna coegnHenunii OTTI, HKM. paBHoe (LnV2 -12). mwm;
g — A/IMHa pe3b0Obl C HENOMHLIM NpoduneM, ans coeauHenuit OTTM, OTTI, HKM, paBHas pac-
CTOSHWIO OT OCHOBHOI MIOCKOCTMK A0 KoHUa cbera pe3bbbl (Lt— 1Q, Mm;
kx — nonpaBoYHbIl KO3 PULMEHT ANs pacyeTa cpefHero guameTpa pe3bbbl B N10CKOCTU opua
Myt Tbl Ana coeanHeHns BC. paBHblii 7.62 — npu HapyXHOM anameTtpe Tpy6 MeHee 406.4 MM
n 5.08 — npu Hapy>xHoM auameTpe Tpy6 406.4 MM u 6onee, ans coeguHeHuii OTTM, OTTI
n HKM, paBHbIl HyT10 K
LOMNOIHUTL 0603HAYEHMAMU:
«d3— BHYTpeHHUiA guameTp pe3bObl B N0CKOCTU TopLa MydTbl, MM;
¢M— BHYTPEHHUI AnaMeTp MydTbl, MM;
dBH— BHyTpeHHWii gnameTp pe3bbbl B OCHOBHON M/IOCKOCTU, MM;
ha— BbicoTa npodnnsa TpaneuenanbHOW pesbbbl, MM;
Lm— gnuHa mydTbl, MM;
L, — obwas anvHa pesbbbl TpyObl, MM.
/0— paccTosiHMe OoT Topua TPy6bl 4,0 OCHOBHOW NJIOCKOCTU, MM;
12 — paccTosiHue oT Topua MydTbl 40 YNOPHOrO YCTyna, Mm»;
dopmyna (92). MNosicHeHne 0603HaYeHNs Ec M3N0XMTb B HOBOI pefakumu:
«Ec— cpegHuii gnameTp pe3bbbl nocepefuHe MydhThl, Ans coeguHenns OTTM, paBHbId (d3 -
- TdLJ2 +ho), gna coeguHennit OTTI, HKM, paBHbIii M. MM>»,
[OMNONHUTL 0603HAYEHNAMN:
«<*3— BHYTPEHHUIA gnameTp pe3bObl B N10CKOCTU Topua MydTbl, MM;
Td— KOHYCHOCTb, MM/MM;
/?, — BbIcOTa Npochuna TpaneuenganbHol pe3bbbl, MM;
du — BHyTpeHHWIA guameTp MydThbl, MM,
hopmyny (93) U3N0XUTb B HOBOI pefakuum:
«Tc8=2+785+1 0 (Va. ). (93)».

Moppaspen 11.8. dopmyna (94). MosicHeHne 0603HaYeHNs E7 U3N0XUTb B HOBOI pefakuuu.
«E7— cpegHuii fuameTp pe3bbbl B OCHOBHOW NA0CKOCTW, AN coeguHeHuii OTTM, OTTI, HKM. paB-
Hbl 1 (datt + hB), Mm»;

[ONONHUTL 0603HAaYEHUAMUN:

«dBit — BHyTpeHHUIA gnameTp pe3bbbl B OCHOBHOI NJIOCKOCTU, MM.

hB— BbicoTa npodnnsa TpaneuenganbHon pesbbbl, MM»;

¢opmyna (98). NMosicHeHM 0603HaYeHUn g u E7 M310X1Tb B HOBOW pefakunu:

«[,— ONMHa pe3bbbl ¢ HEMOMHbIM Npochunem, anas coeguHeHuii OTTM, OTTI, HKTH, HKTB, HKM,
paBHas pacCTOSHWIO O T OCHOBHOI N1OCKOCTU A0 KOHUa cbera pe3bbbl (L, - 10), Mm,

E7— cpepHuii guameTp pe3bObl B OCHOBHOW niockocTu, ansa coeguHeHuit OTTM. OTTI, HKM. paB-
HbI (dan + ha), Mm»;

[ONONHUTL 0603HAYEHNUAMMN:

«L, — 06wasn gnvHa pesbbbl TPyObI, MM;

/0— paccTosHMe oT Topua TPy6Obl f,0 OCHOBHOW NJIOCKOCTU, MM;

dBt — BHyTpeHHUi gnameTp pe3bbbl B OCHOBHOW M/IOCKOCTU, MM;

hB— BbicoTa npodunsa TpaneuenganbHon pesbbbl, MM»;

dopmyny (99) n3N0XNUTb B HOBOW peaakuuun:
«Tn=7.85+10-X (Vol. ). (99)».

MyHkT 11.9.2. NosicHeHVe 0603HaYeHus U3N0XUTb B HOBOI pepakuuu (2 pasa):

«04 — HapyxHblli AnameTp pe3bbbl TPyObl B MIOCKOCTW TOpua WAWM HapPYXHbIA guameTp BbicagKu
6ypunbHOU TPYObI, MM»;

popmyny (104) n3n0XnTb B HOBOW peaakumu:

«T m=785+10"8m (Vol. (I + ll)]. (104)».
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MyHkT 11.9.3. dopmyny (109) N310XUTb B HOBOW peaakuum:

«T B1=T7-85" 10 elem (Vol- U)). (109)».

Mogpasgen 14.1. Ta6nuuya 9. Mpada «[MpoueHTbl OT 3aA4aHHOr0 MUHUMAasIbHOTO npejena TeKy4ecTu
0 TN. Npu ucnbiTaTeNlbHOM AaBneHun». [na rpynnbl NpoYyHocT M65 npu cTaHAapTHOM UCMblTaTe/IbHOM AaB-
NleHUn 3aMeHuTb 3Ha4veHue: 60 Ha 80.

Mopgpasaen 14.2. BTopoii ab3al, U3ioxuTb B HOBOI pefakuuu:

«O6cafHble 1 HACOCHO-KOMNPECCOPHbIe TPy6bl C pe3b60ii U MyddTaMu UCNbITbIBAKOT NPU TOM Xe rMapo-
cTaTM4ecKOM AaBfieHnK, YTO 1 Tpy6bl 6e3 pe3bObl, 3a UCKIIOYEHNEM TeX ClyvyaeB, Korja MeHbllee BHYTpeH-
Hee faBfieHne 06ycnoBEHO NpefoTBpaLLeHneM TeKyHecTn My Tbl UM YTEUKN B COEAUHEHUN NOA feNCTBU-
€M BHYTPEHHEro AaBfeHNsa 13-3a HeJ0CTaTOYHOl CTONKOCTW COeAUHEHUS K yTeUYKaM B NJI0CKOCTMW YMIOTHEHNSA
(cm. pasgen 10)».

Pasgen 15. U3N10XWTb B HOBOW peAakuuu:

«15 MOMEHT CBMHYMBaHUSI 06CaAHbIX U HACOCHO-KOMMPECCOPHbIX TPY6

B cootseTtcTBUM C [1] unu (16J Ana cBMHYMBAHMA 06CafHbIX TPY6 € coeanHeHnamn LC n SCcTpe-
YrosibHOI pe3b60i pacyeTHbIi MOMEHT CBMHYMBaHWA NMPUHUMaeTCA paBHbIM 1 % pacyeTHON NPOYHOCTH
pe3b6bl Ha CpbIB, BbIYUCIEHHOW B hyHTax Ha g yT no npuBegeHHoi B [3] bopmyne (55). 4yTo cooTBeT-
CTBYeT pac4eTHOMY MOMEHTY CBMHUMBaHMWSA, paBHOMY 0.305 % pacuyeTHOW NPOYHOCTM pe3bbbl Ha CpbIB,
BbIYMC/IEHHOW B HbIOTOHAX Ha MeTp no copmyne (55) HacTosALW ero ctaHaapTa.

B (1] v [16] onpeneneHne pacyeTHOroO MOMEHTa CBMHYMBAaHUSI HA OCHOBE NMpUBEAEHHO B [3] hopmy bl
(55) npumeHsieTcsa ToNbKO Ana 06cagHbix TPy6 ¢ coeanHeHnamm LC n SC ¢ TpeyronbHoi pesb6oii. Mpume-
HeHue 3Toro Noaxoja A8 HaCOCHO-KOMMNPECCOPHbIX TPY6 C TpeyronbHol pe3b60oii NPUBOAUT K 3aBbllEH-
HbIM 3HAYEHMAM PacCYETHOro MOMEHTA CBUHYMBAHUS.

B cBoem uumpkynspe [17] koHdepeHuma API B coeBpane 1991 r. noctaHoBUNa, 4To 60nee NpaBUIbLHO
NpPOBOANTL CBUHUYMBaHME TPY6 ¢ MydhTamn Mo NOMIOXEHUIO CBMHUMBAHUSA, & HE MO MOMEHTY CBUHUYMBAHWUS.

B FOCT 34380 Takxe ycTaHOB/MEHO, YTO 60/1ee npaBuIbHO NPOBOAUTL CBUHUMBaHME Tpy6 ¢ MydhTamn
He N0 MOMEHTY CBMHYMBAHUS, @ Mo NOJIOXKEHUI0 CBUHUYMBAHUA — Ana coeanHeHnii BC. OTTM. OTTI, HKM u
yncay 060poTOB CUIOBOrO CBUHYMBAHUA — AN coeanHeHuii LC. SC. NU. EU. HTKH. HKTB».

MpunoxeHue A. NyHKT A. 1.3.3.2. 3ameHuUTb ccblnky: «FTOCT P ISO 3183» Ha «OCT ISO 3183» (2 pasa).

MpunoxeHve H uckniounTb.

Mpunoxexne |. Ta6nuubl 1.3 n 1.5. 3ameHuTb crnosa: «lpoyHOCTb coeanHeHns. MMa» Ha «[po4YHOCTb
coeauHeHusi, kH» (37 pas).

MpunoxeHne JA. Tabnuua IA.1. M'pacha «CTpyKTypa HacToswero ctaHgapTa». Mpunoxexne H. B rpa-
e «Moapasgen, NyHKT, NOAMYHKT, PUCYHOK, hopMyna, Tabnvua» BCe CBEAEHNA UCK/TIOUNTD;

rpacdha «CTpykTypa MexayHapogHoro ctaHgapta WMICO/TR 10400.2007». 3aMeHUTb 0603HauveHue:
«/ICO/TR» Ha «ISO/TR».

MpunoxeHne [1B N3n0XnTb B HOBOW peAakuuu:

«Mpunoxexne B
(cnpaBoyHOE)

CBefleH/s1 0 COOTBETCTBUM CChINTOYHbIX MEXIOCYyAapCTBEHHbLIX CTAHAAPTOB
MeXAYHapoAHbIM CTaHhapTam, UCNOMIb30BAHHbIM B KAYeCTBE CCbI/TOUYHbIX
B NPUMEHEHHOM MeX/JyHapo4HOM CTaHaapTe

Ta6nunya [AB.1

O603HaueHVIe CCbIIOYHOK CreneHb O603HaueHVie 1 HAYMEHOBAHWE CCbIIOYHOTO MEXAYHaPOAHOK
MEXroCyapCTBEHHOrO CTaHAapTa  COOTBETCTBUS CTaHfapTa
FOCT 31446—2017 MOD ISO 11960:2014 «HedTAHaa 1 rasoBasi NPOMbILWAEHHOCTb. Tpyobbl
(1ISO 11960:2014) cTanbHble AN MPUMEHEHNA B CKBaXMHaX B kayecTBe 06cafHbIX U Ha-

COCHO-KOMNPECCOPHbIX»
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OkoHuyaHue Tabnuubl 4B. 1

O603HaueHVIe CCbITOYHOTO CreneHb O603Ha4eHne N HaMMEHOBAHNE CCbIIOYHOTO MEXayHapOAHOro

MEeXrocyJapCTBEHHOTO CTaHAapTa  COOTBETCTBUS CTaHfapTa

FOCT 32696—2014 MOD ISO 11961:2008 «HedTAHaA 1 razoBas NPOMbILLIEHHOCTb. Tpy6bl
(ISO 11961:2008) cTanbHble 6ypubHble»
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BBepneHune

HacToswwwin ctaHaapT paspaboTaH € Lenblo nepexoAa POCCUIACKON NPOMBILLIEHHOCTU K MAPOBOW NpakTuke
pacyeTa xapakTepucTnk 06cafiHbIX, HACOCHO-KOMMPECCOPHBIX, BYpUbHbIX TPY6 1 TPY6 A8 TPYy6ONPOBOAOB, Bbl-
NosIHAEMOii No MexayHapoaHoMy ctaHgapTy MCO/TO 10400, ycTpaHeHust 6apbepoB B TOProssie, MPUMeHeH s
COBMECTUMOIA 1 B3aMO3aMeHSAEeMOi NPOAYKLMK, NOBbILLEHWS CONOCTaBUMOCTMN Pe3y/bTaToB PacyeTos, NoBbILLe-
HWS1 YPOBHS MPOEKTVPOBaHWA U BbIGOpa TPYO ANA pasNnyHbIX YCN0BUIA NPUMEHEHNS

B NCO/T010400 npvBeAeH pacyeT XxapaKTepUCTUK TPy6 Npy 4ETEPMUHUCTUYECKOM 1 BEPOSATHOCTHOM (U/n
CTaTMCTUYECKOM) NMOAX0AaX, 3aK/yatoLMXCs B CPABHEHUN OXUAAEMbIX HArpy3oK, AeiCTBMI0 KOTOPbIX byayT
noagepraTbes TpyObl, U X OXUAAEMON CTOMKOCTM K BO3AENCTBUIO TAKUX HArpy3ok. Kak Harpysku, Tak 1 CTOMKOCTb
Tpy6, N0 OTAENBHOCTU UK COBMECTHO, MOTYT GbITb M3MEHEHbI NPY MOMOLLY COOTBETCTBYIOLLMX PacyeTHbIX KO-
h1LMEHTOB.

Mpu feTepPMUHUCTUYECKOM NOAXOAE A/19 pacyeTa eANHCTBEHHOIO 3HaYeHWs nokasaTeneit akcnayaTaLoH-
HbIX CBOWCTB KOHCTPYKLMM NCMOb3YIOT HOMUHA/IbHbIE reOMeTpUYeckne napameTpbl 1 cBolicTBa Tpy6. MNpu Bepo-
ATHOCTHOM NOAXOZe Te Xe napaMeTpbl U CBOKCTBA UCMO/b3YIOTCA Kak C/lydYaiHble BeNUMHBI, N0 KOTOPbIM MOy-
YaloT cTaTUCTMYECKOE pacnpefeneHune nokasaTens aKCnyaTaluMoHHbIX CBOMCTB. Takoe pacnpeeneHue akcniya-
TaLMOHHbIX CBOINCTB B COYETaHUM C ONpeeNeHHbIM HIKHUM MPoLenTuIeM No3BONSET NOYUUTb KOHEUHYIO pac-
YeTHyto chopmyny.

MCO/TO 10400 He paccmaTpuBaeT pacyeTbl CKBaXWUH B LLE/IOM 1 onpefeneHne oxngaemMbix Harpy3ok, co-
OepXuT Wb pacyeTHble hopMy/ibl, CAyXKallme 415 onpefeneHns CTOMKOCTU Tpy6 K3afaHHbIM Harpyskam, Hesa-
BMCUMO OT UX NPOUCXOXAEHNSA. TaKke B HeM NpuBefeHbl POopMy bl NpefesibHbIX 3HaYeHUI, KOTopble MOTyT ObITb
1CNoMb30BaHbl 415 ONpeaeneHns CTOKOCT KOHKPETHOro o6pasLa C M3BECTHbIMY reoMeTpreli 1 cBoiicTBamu, a
Takxke opmysibl, UICNO/b3yeMble A5 NPOEKTUPOBAHUS CKB&XKUH HA OCHOBE KOHCEPBATUBHBIX OLlEHOK reomMeTpu-
YeCcKnx napameTpoB v CBONCTB Tpy6. Bbi6op 3HaUYeHW KoathULMEHTOB, CNONb3YyEeMbIX AN PacyeToB, N0 BO3-
MOXHOCTU OCTaeTCcs 3a nosib3oBaTenieM ctaHjapTa

HacTtosawwmii ctaHgapT MoauduLMpoBaH no oTHoLeHuto K ICO/TO 10400 B cBA3M ¢ HE06X0AMMOCTbLHO ,0-
NOJ/IHEHWS pa3mMepoB, TUNOB Pe3b60BbIX COeANHEHW 1 rPYNn NMPOYHOCTH 06CaAHbIX, HACOCHO-KOMMNPECCOPHBIX
6ypUNbHBIX TPY6 1 TPY6 ANs TPy6ONpoOBOAOB, LUMPOKO NPUMEHSIEMbIX B POCCUIACKOI HEDTAHOI 1 ra3oBoli Npo-
MbILLNEHHOCTW.

Mopaudmkaums HacTosLero ctaHgapTa no oTHoweHuio K MCO/TO 10400 3akiouaeTcs B Ceayowem:

-A,0M0THEHbI HOPMY/Ibl ¥ pekOMeHAaLUUN AN TPY6, M3roToBASEMbIX N0 cCTaHAapTaM Ha o6caHble U Hacoc-
HO-KoMnpeccopHble Tpy6bl (TOCT P 53366). 6ypunbHbie Tpy6bl (TOCT P 54383) 1 Tpy6bl ANs Tpy60NpoBOAOB
(TOCT ISO 3183);

- LONOMIHEHbI pacyeTbl ANs 06CcaHbIX U HACOCHO-KOMMPECCOPHbIX TPY6 rpynn npoyHocTn K72 n Q135,
HapyXHbIMu gnameTpamun 146,05; 250,83; 323.85 1 425,45 MM. c pe3b60BbiMM coeguHeHnsamu OTTM, OTTT,
HKT. HKTB. HKM;

- UCK/TIOYEHbI pe3b60Bble COeANHEHNS DKCTPUM-NaliH 1 VIHTerpan-axonHT. He NpUMEHsieMble B POCCUIACKOIA
MPOMbILLIEHHOCTU

- VCK/IOYEHbI 3HaYeHNs nokasaTeneil, BblpaXeHHbIe B aMepUKaHCKOV CUCTEME eAuHNL, KOTOPbIe Heleneco-
06pa3HO NPUMEHSITh B HaLMOHAIbHO CTaHAAPTM3aumMn, 1 COOTBETCTBYIOLLLEE NPUIOXKeEHNE L;

- yCnoBHble 0603HavYeHus pasmepos Tpy6 Psg 1 n Psg 2 3ameHeHbl COOTBETCTBYHOLWUMUY 3HAYEHVUAMU Ha-
PYXXHbIX UaMETPOB 1 TOJILLMH CTEHOK, MCK/TIOYEHbI COOTBETCTBYOLIME TepMuHbl «Pag 1 (label 1)», «Psag 2 (label 2)»;

- CBefleHns 0 npeAblCTopun pa3paboTku hopMy/ 3aMeHeHbl COOTBETCTBYOLUMMU CCbIIKAMU HA UCTOYHUK
MHdpopmaumn.

dopmynbl ¥ peKOMeHAaLMN HACTOSALLEro cTaHAapTa MoryT 6bITb MPUMEHEHBI /151 PACUETOB XapakTepuUCcTuK
1 CBOWCTB NoA06HbIX TPY6 (B TOM Yncne ¢ Nofo6HbIMU pe3b60BbIMU COEANHEHNAMM), N3TOTOBSAEMbIX MO TEXHU-
YeCKMM YCI0BMAM Y KOPMOpaTUBHbLIM CTaHAapTam.
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HALULMWOHANbHbBIN CTAHALAPT POCCUMNCKOW OEAEPALUMN

TPYBbl OBCAHbIE. HACOCHO-KOMMPECCOPHBIE.
BYPUMbHBLIE W TPYBbI 4151 TPYEOMNPOBO/AOB
HE®TAHOM U FA30BOW MPOMbIWIEHHOCTI

®opMynbl U pacyeT CBOICTB

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

Jarta BBogoHNA — 2013— 10—01

1 O6nacTb NpUMeEHEHUS

HacToswwmii cTaHgapT pacnpocTpaHaeTcs Ha 06CcaAHble, HACOCHO-KOMMPECCOPHbIe 1 BypunbHble Tpy6bl AN
HepTAHOV 1 ra30BOl MPOMBILLNIEHHOCTH, & Takke Ha Tpy6bl AnA TPy60onNpoBOAOB, NPUMEHSAEMbIE B KayecTBe 06-
CafHbIX 1 HACOCHO-KOMMPECCOPHbIX TPY6.

HacTtosawmii ctaHaapT cogepxuT hopmMy bl v pekoMmeHaaLumumn, HeobxoayMble ANs pacyeTa pasIMyHbIX CBOCTB
Tpy6, BKIHOYAs:

- 9KCMyaTaLunoHHbIe CBOCTBA (CTOMKOCTb K OCEBLIM Harpyskam, BHyTPEHHEMY AaB/IEHUIO U CMATUIO);

- h3nyeckme CBOICTBA,;

- KpYTALW WA MOMEHT NPU CBUHYMBAHUN,

- UcnbITateslbHoe rnapocTaTnyeckoe AasneHue;

- KpUTMYEeCKve pasmepbl N3NV No KPUTEPUAM Pa3IMYHbIX UCTIbITAHWA,

- KpUTMYECKVe pasmepbl UCTbITaTeNIbHOTO 060PYA0BaHNS;

- KpUTHYEeckre pasmepbl 06pasL0B A4/18 NCMbITaHWiA.

Mo chopmynam Ansa pacyeTa nokasarenei aKkcniayaTauMoHHbIX CBOWCTB n3genuii npusegeHa nHcopmauus o
NPUMEHeHNN 3TUX hopMy .

MprBeaeHHble B HACTOSALLEM CTaHZapTe hopMy bl U pEKOMEHAALMN NpeHa3HaueHbl 419 pacyeTa CBONCTB
Tpy6, N3roToB/ieHHbIX B cooTBeTCcTBUM ¢ TOCT P 53366. TOCT P 54383 M TOCTISO 3183. ®opMy bl 1 pEKOMEH-
Jaummn MoryT BbITb TakXe MCMOb30BaHbl A1 pacyeTa CBOWCTB TPy6, M3rOTOB/IEHHbIX NO APYTMM CTaHAapTaMm.
O6nacTb NPYMEHEHN HACTOALLEro CTaHapTa TaKxke BKIYaeT Tpy6bl, NoABeprasLLMecs B NpoLecce U3rotosre-
HWS X0no0AHON Aedopmaunn, Hanpumep X0M04HOW poTauMoHHON npaske. O61acTb NPUMEHEHNSA HAaCTOALEero
cTaHjapTa He BK/loYaeT TpyObl, NoABeEpPraBLUIMECs XO/I0AHOM AedhopMaLMm Noce U3roTOB/IEHNS, HaNpUMep pas-
Jaye nnv HamoTKe B BYXTbl.

MprBeAeHHbIe B HACTOSLLEM cTaHfapTe hopMy/ibl MPUMEHNMBbI /15 pacyeTa SKCn/yaTaunoHHbIX CBONCTB
Tpy6 no FTOCT ISO 3183 T0/1bKO NPY UCMOSIb30BaHMMN Taknx TPy6 B KauecTBe 06CcafHbIX U HACOCHO-KOMMNPEeCcCcop-
HbIX B CKBaXXMHaX WM Npu nabopaTopHbIX UCMbITaHWSAX, C yHeTOM COOTBETCTBMSA MPOLECCOB TepMoobpaboTky,
npaeku, Npefenos TEKy4eCT 1 ApYyrnx napameTpoB Takux Tpy6 aHa/iormyHbIM npoLieccam, XapakTepuctmkam un
napameTpam 06cafHbIX N HACOCHO-KOMNPECCOPHbIX TPY6. C TeMU Xe YCNIOBUSAMU HACTOSLLWA CTaHAAPT MOXEeT
6bITb MCNO/L30BaH A/15 pacyeTa CBOWCTB BYpUbHbIX TPYO.

HacTtoswmii ctaHgapT 1 nprBeAeHHbIE B HEM DOPMY /bl MO3BO/IAKOT CBA3aTh MCXOHbIE MapameTpbl N3roToB-
neHusa Tpy6 no FOCTP 53366. TOCTP 543831 FTOCT ISO 3183 c oxunaaeMbIMU nokasaTensiMy akcnayaTaumnoH-
HbIX CBOMCTB. POPMY bl A/151 pacyeTa CBONCTB He ABMAIOTCA rapaHTuei aTuX CBOMCTB. 3rotoBuTesnto npegocTas-
NAeTcs NpaBo U3roTOBNATL TPYObl B COOTBETCTBUM CO CTaHAapTamu, ycTaHasIMBatoLLMMM UX pasmepbl 1 dansnyec-
Kne cBoiicTBa. PoOpMy bl CyXaT UCXOAHO TOUKOV ANA NOTPebuTeNs Npu oLeHKe nokasartenei akcnayaTaLlmoH-
HbIX CBOWCTB TPYy6, MPOEKTUPOBAHUN CKBEXKMH U/IN U3YYEHUW CBOWCTB TPYoO.

M3pganne ouumnanbHoe
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HacTtoawuii ctaHgapT He CoAepXnT oduLmanbHble npasuaa NpoekTuposaHus. OH COAePXUT PopMy bl 1
npyMepbl pacyeTa CBOWCTB TPY6, NpefHasHaYeHHbIX 4151 CKBaXWH. OH He COAePXUT yKkasaHus no onpegeneHuno
Harpy3ok, ieiicTBYIOLLMX Ha TPYObl, UM N0 HE06X0AMMOMY 3anacy NPOYHOCTU. MoTpebuTenb Ao/MKEH CAMOCTOS-
Te/lbHO ONpeAenuTb pacyeTHYI0 Harpy3ky 1 BblbpaTb 3anac NPO4YHOCTH, o6ecneynBaroLLmii 6e30NacHOCTb 1 agh-
heKTUBHOCTb KOHCTPYKLMK. PacyeTHyto Harpy3ky 1 3anac npoyHoCT1 He06x0AMMO onpefensTb C yHeTOM OnbITa,
oTpac/ieBblX NPaBU/ 1 YCNOBWIA 3KCNTyaTaLMmy KOHKPETHOWN CKBaOKUHbI.

Bce dhopmynbl 1 nokasaTenu akcnayaTalMoHHbIX CBOCTB, NpMBEAEHHbIe B HACTOSLLEM cTaHfapTe, npes-
HasHayeHbl 418 06bIYHbIX YCI0BUIA 3KCMyaTaLummn 1 xapakTepucTuk Tpyb, cootBetcTByowmx FOCT P 53366.
FOCTP 543831 TOCTISO 3183. PacueTbl, KOTOpble MOryT NoTpe6oBaTbCs AN 0COObIX YCNOBUI IKCNyaTaLmm,
npviBeAeHbl B NpuaoxeHun D.

O6nacTb NPUMEHeHNS HaCTOALLEro CTaHAapTa He BKI0YaeT aKCrnlyaTaLlyoHHble CBoCTBa TPY6 Npu uHa-
MUYECKMX Harpy3skax n repMeTUYHOCTb pe3b60BbIX COeAMHEHW TPYO.

B HacToALeM cTaHAapTe NOMOXKUTENbHBIMK BCerAa CUMTaloTCA PacTArnBatoLLme HanpsXkeHus.

2 HopmaTuBHbIe CCbINKN*

B HacToALWweM cTaHAapTe NCMOb30BaHbl HOPMaTUBHbIE CCbIIKM Ha CneayoLe cTaHaapTbl:

OCT ISO 3183—2012 Tpy6bl CTasibHble 418 TPY6ONPOBOA0B HEITAHOI M ra3oBoli NPOMbILLNEHHOCTH. O6-
LMe TeXHNYEeCKne yCroBus

FOCT P 51906—2002 CoeanHeHUsi pe3b60oBble 06CafHbIX, HACOCHO-KOMNPECCOPHbIX TPY6 1 Tpy6onpoBo-
[0B 1 pe3bboBble Kannbpbl 415 HUX. O6LMe TeXHUYeckme TpeboBaHns

FOCT P 53365—2009 Tpy6b! 06cafHble U HACOCHO-KOMNPECCOPHble 1 MydTbl K HUM. OCHOBHbIE NapaMeTpbl
1 KOHTPO/Ib Pe3b60BbIX coeAnHEHMIA. ObLMe TeXHUYecke TpeboBaHNs

FOCT P 53366—2009 (MCO 11960:2004) Tpy6bl CTasIbHbIe, MPUMEHSIEMbIE B KAYECTBE 06CAAHBIX MU Ha-
COCHO-KOMMNPECCOPHbIX TPYO AN CKBAXWH B HEPTAHOW W ra3oBoii NpOMbIWAEHHOCTU. O6LMe TeXHUYEecKme
ycnosus

FOCT P 54383—2011 (1 C011961:2008) Tpy6bl CTasibHble Gypu/ibHbIE AN HEPTAHOI 1 ra30BOl NPOMbILL-
NEHHOCTW. TexHUYeckne ycnoBus

MpumeyaHune — lMNpu NOMb30BAHUM HACTOSILLUM CTaHAAPTOM LeNiecoo6pasHo NPOBEpPUTb AeliCTBME CCbIIOY-
HbIX CTaHO4apToOB B VIHdJOpMaLWIOHHOVI cucrteme oﬁmero nosnb3oBaHMA — Ha Od)VILl,VIaI'IbHOM caiite Q)ep,epaanoro
areHTcTea nNo TexHn4yeckomy perynmposaHuUio U MeTponorun B cetu |/|HTepHeT nnn no exerogHomy MHd)OpMaLI,I/IOHHOMy
yKa3atento «HaLLVIOHaI'IbeIe CTaHgapTbl», KOTOprI7I 0|'|y6/'IVIKOBaH Nno COCTOSAHUIO Ha 1 AHBapA TeKyuwero roga, u no
BbINyCcKaM €XeMeCsiHHOT0 MHOpMaLMOHHOIO yKa3aTens «HaunoHanbHble cTaHfapTbl» 3a Tekylwuit rog. Ecnm 3ameHeH
CCbI/TIOYHbIN CTaHJapT, Ha KOTOpPbIM AaHa HefgaTupoBaHHasA CCbl/lKa, TO peKoMeHAyeTCcAa MCnonb3oBaTb AENCTBYHLYH
BEPCUI0 3TOro CtaHgapTa ¢ y4eTOM BCEX BHECEHHbIX B laHHY0 BEPCUIO N3MEHEHWA. ECnn 3amMeHeH CCbINIOYHbIN CcTaHgapT,
Ha KOTOpbI/i faHa AaTUpOBaHHasi CCbliika, TO PEKOMeHAyeTCs MCNoNb30BaTb BEPCUID 3TOr0 CTaHAapTa C ykasaHHbIM
BbillEe rofoM yTBepxXAeHusa (MpuHATusa). Ecnm nocne yTBepXAeHUS HACTOSILLEro cTaHAapTa B CCbIIOYHbIA CTaH4apT, Ha
KOTOpbI/i AaHa AaTtupoBaHHas CCblfika, BHECEHO M3MEHEHWe, 3aTparvBarllee NoJIOKEHWe, HA KOTOPOe flaHa CCblfika, TO
3TO NOJI0XeHne pekoMmeHayeTca NPUMEHATb 6e3 ydyeTa AaHHOToO U3MEeHeHUs. Ecnun ccblNoYHbIi CTaHOapT OTMEHeH 6e3
3aMeHbl, TO NosioXeHne, B KOTOPOM AaHa CCbl/lKa Ha Hero, pekoMmeHayeTca NpUMeHATb B YacTu, He 3anal’MBaI'0LIJ,eI7I Ty
CCbIJIKY.

3 TepMuUHbLI 1 onpepeneHns

B HacTosLem cTaHgapTe npumeHeHsl TepmuHbl no FOCT P 53365. TOCT P 53366. TOCT P 51906. a Takke
cnefyloLime TepPMUHbI C COOTBETCTBYIOLLMMUW ONpeaeneHnaMu:

3.1 BepoATHOCTHbIN noaxop (probabilistic method): Moaxon, B COOTBETCTBMM C KOTOPbIM A5 pacyeTta
pacnpefeneHus nokasareneii akcnayarayMoHHbIX CBOWCTB MCNO/b3YIOT pacnpefeneHmne nokasareneii reometpu-
Yecknx napameTpoB ¥ CBOWCTB MeTasna.

3.2 rnaBHOe HanpshkeHue (principal stress): HanpshkeHve B rnaBHOM NIOCKOCTU, B KOTOPOI HanpshkeHne
CABUra paBHO Hy/I0.

NMpumeyvyaHue — MNpy NOGOM HaNPSHKEHHOM COCTOSIHUM B Nt0GOI TOUKE CYLLECTBYOT TPW B3aUMHO NEPNEHAM-
KYNSipHble NIOCKOCTU, B KOTOPbIX HANPSHXKEHUA chBura paBHbl HyMto. COCTaBNSAOWME HOPMasbHbIX HaNPSXEHW B 3TUX
NNOCKOCTAX SIBAATCA [NaBHbIMU HanpskeHWsiMU. Hanbonbluee U3 3TUX TPEX HaNPsKEHWU Ha3biBAETCA HaMGONbLINM
rNaBHbIM HanpsXeHueM.

* icnoNb3oBaHNe O4HOBPEMEHHOM CCbINKM Ha fBa CTaHjapTa O3Ha4aeT, YTo Takue CTaH4apTbl B3auMO3aMeHsie-
Mbl MO CBOMM TpeGOoBaHMsIM.

2
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3.3 gaBnenune paspywenus (fracture pressure): BHyTpeHHee gaBneHune, npu KOTOPOM NPOUCXOAUT paspy-
LueHue TpyObl 13-3a pacnpoCcTpaHeHUs HECOBEPLLEHCTBA.

3.4 peTepmunHucTyeckunii nogxon (deterministic method): Moaxoa, npegnonaratowuii, 4To BCe nepe-
MeHHbIe. onpeAensoLlme nokasarTenm aKcnayaTauMoHHbIX CBOVWCTB, TOYHO U3BECTHbI.

n pnmevyaHne — lNokasatenu aKcnnyaTtaynoHHbIX CBOIICTB pr6 3aBUCAT OT OAHOI0 UIN HECKOJIbKUX KOHT-
POJIbHLIX NapaMeTpoB. B cbopmyrlax, ncnonb3yembixX Npun geTepMmMHUCTUYECKOM noaxoae, UCNOoJib3yHTCA KOHKPETHbIe
reomeTpuyeckne napameTpbl n cBoiicTBa mMeTanna ANnAa pacyeTa €e4ANHCTBEHHOIO 3Ha4dYeHUA nokasaTenem aKcnnyartayn-
OHHbIX CBOWCTB. |-|pVI NPOEKTHbIX pacyeTax 3TO 3Ha4YeHune ABnAeTCA oxXungaeMmblM MUHUMYMOM.

3.5 nctuHHas kpmas HanpsxkeHue-gedopmaunsa (true stress-strain curve): Kpueas B KoopauHaTax
MCTUHHOE HanpsxeHue (opAuHaTa)— norapugmMmyeckasn fedopmanms (abeumcca).

3.6 UCTMHHOe HanpshkeHne, HanpshxeHne Koww (true stress. Cauchy stress): HanpsxeHnue, onpegens-
€MOE KaK OTHOLLEHWE YCUNNs, AeNCTBYIOLLETO HA NOBEPXHOCTb TE/A, K KOHEYHOI Nowaan 3Toi NOBEPXHOCTH.

3.7 koappuumeHT Bapuayuu (coefficient of variance): bespasmepHas cnyyaiiHas nepeMeHHasi, onpege-
nieMas Kak OTHOLLEHWE CTaH4apTHOMO OTKIOHEHNS K CpefHEMY 3HAYEHWIO.

3.8 norapucpmunueckasn gedpopmanmsa (logarithmic strain): BennumHa nuHeiiHoli gedhopmaummn Tena Tpy6bl
paBHas HaTypasibHOMY norapndmy OTHOLLEHUS KOHEYHOW A/IMHbI Tena TpyObl K ero HavanbHoW g/IMHe.

MpumedyaHune — Jlorapudpmuyeckasn gedopmanusi Takke MoXeT GbiTb PABHOW HaTypasbHOMY forapudgmy
CYMMbl e[MHULbl 1 pacyeTHOW gedopmauunn.

3.9 nnactnueckoe paspyweHue (ductile rupture): PaspyweHne Tena Tpyobl B 06n1acT NaacTMyecKol
Aedopmanym, Bbi3blBaeMOe BHYTPEHHUM AaBEeHUEM WM NPOAObHBLIM PaCTSXEHUEM.

3.10 pacueTHasa gedhopmaums (engineering strain): BennunHa nvHeliHoli gechopmaum Tena Tpybsl, onpe-
JensieMas Kak OTHOLIEeHWe N3MEeHeHNs A/IVHbI Tena Tpy6bl K ero HauanbHol g/vHe.

3.11 pacueTHOe HanpsxeHue (engineering stress): HanpsxkeHve, onpegensemMoe Kak OTHOLLEHWE yCu-
1S, AeiCTBYIOLEro Ha NOBEPXHOCTb Tena K HayanbHOM NaoLwWwaay 3Toli NOBEPXHOCTH.

3.12 pykoBogacTBo (template): lokymeHT, cogepxatunii popmysbl, METOAbI UCMbITAHUIA 1 U3MEPEHWIA, Npes-
Ha3HayeHHbI AN5 yCTaHOBMEHUSI MPOEKTHbIX NoKa3aTenei aKkcnayaTauoHHbIX CBOMCTB.

3.13 cmeuleHne npegena Tekyvyectn (yield stress bias): BennuuHa, onpegensemas kak OTHoLweHne dak-
TMYECKOro npeena TekyyecTu Kk 3afaHHOMy MHUMa/IbHOMY Npegeny Teky4yecTy.

3.14 cTatucTudeckuii noaxopn (synthesis method): Moaxoa, B COOTBETCTBUM C KOTOPbIM HEONpPeLeneH-
HOCTb 1 BEPOSATHbIE 3HAYEHWSA NoKasaTesneli akcnyaTaLroHHbIX CBONCTB TPYy6 onpeaensioT, NCnonb3ysa pacnpe-
[JeneHuns nokasaTesnei reoMeTpMyeckmx napameTpoB ¥ CBOMCTB MeTanna.

n punmedaHune — ,U,nﬂ onpepeneHna CtTaTUCTUYECKOro pacnpegeneHus nokasatenei JKCnyaTaynoHHbIX
CBOIiCTB 3TO pacnpeneneHne paccMmaTtpuBarT B coveTaHuUn C (*Jopmynoﬁ npeaenbHbIX 3HAYEHWNA. Pacnpe,qeneHme noka-
3arenei 3KCnyaTaynoHHbIX CBOWCTB B COYeTaHuUu C HaVI,quHbIM HVWXHUM MnpoueHTunem onpegendatT OKOHYaTe/bHbI
Bua pacquHoﬁ CbOpMyI'IbI.

3.15Tteky4ecTb (yield): MocTosaHHaA Heynpyras gedopmaums.

3.16 TekyuecTb Tona Tpy6hI (pipe body yield): HanpspkeHHoe cocTosiHME, NPy KOTOPOM HaunHaeTcs Teye-
HWe MeTanna B Nto6oii ToUke Tena Tpyobl.

3.17 ypoBeHb npueMku (inspection threshold): MakcumanbHbIii pa3Mep HecoBepLUEHCTBA TNa TPeLLUHBbI,
AONYCTVMBbIA yCTaHOBMIEHHbIMU TPEOOBAHUAMMU.

3.18 hopmynbl npeaenbHbIX 3Ha4YeHui (limit state equations): ®opMy bl, KOTOPbIE N0 FEOMETPUYECKUM
napameTpam v CBO/CTBaM MeTasia BbiIGopkK Tpy6 NO3BOIAIOT ONPeAenTb KpUTepuii paspyLleHns Tpy6.

MpumeuaHune — Mo opmMyne nNpefenbHbIX 3HAYEHUI ONpesensaoT ¢ MakCMabHOVW TOYHOCTLIO Nokasarenu
3KCMyaTalMOHHbIX CBOWCTB OTAENbHON BbI6GOPKM TPYO 6e3 yyeTa npefesnbHbIX OTKIOHEHWUI 3TOl BbIGOPKU.

3.19 chopMynbl NPOEKTHbLIX NpefenbHbIX 3HaYeHuni (design equations): ®opmysbl, NO3BONAKLLME HA
OCHOBE TPeb0oBaHWi CTaHfapTOB UK M3MEPEHWI ONpeAenuTh NnokasaTenn aKCnayaTaLMoHHbIX CBOWCTB, UCMOSb-
3yeMble Npu MPOEKTHbIX pacyeTax.

M pnmedvyaHne — dJopmyna MPOEKTHbIX NpefesibHbIX 3HauYeHnli MOXeT 6biTb nosydyeHa nytem noactaHOBKU
060CHOBAHHbIX npenenbHbIX NMepemMeHHbIX B (*)opmyny npeaenbHbIX 3HaueHuii ¢ uenbto onpeneneHUs oxunagaembiX no-
KasaTtenei 3KcnnyaTaynoHHbIX CBOICTB C 3afaHHbIM ypOoBHEM 6e3onacHocTu. tbopmyna MNPOEeKTHbIX NpeAesibHbIX 3Haye-
HUA. BblBeleHHas CTaTUCTUYECKMM NnyTeM, COOTBETCTBYET onpenesieHHOMY HUMWXHEeMY NPOUEeHTUI KpVIBOI7I pacnpepnene-
HUA BEPOATHOCTU CTOIKOCTK.

3.20 uncno BMTKOB Ha Atoim (threads per inch): Yncno BUTKOB pe3bbbl Ha AnnHe 25.4 mm.

MpumeuvaHne — 1BMTOK Ha Awiim paseH 0,0394 BuTka Ha MUAAUMETP. 1 BUTOK Ha MWIIMMETP paBeH
25.4 BATKa Ha Atolim.



FOCT P 54918—2012

3.21 acphekTuBHOE HanpsxeHue {effective stress): HanpsxeHue, yuntbiBaloLlee HanpsXXeHne, Bbi3bl-
BAeMOro faB/IEHNEM, W OCEBOE HarnpskeHve, UCMoJSib3yeMOoe B HACTOALEM CTaHAapTe C Lesblo YNpoLeHus
chopmyn.

MpumevyaHune — DPPEKTUBHOE HaNPSKEHUE B TOK» BUAE, B KAKOM OHO UCNONb3yeTCs B HACTOSILLEM CcTaHAapTe,
He npegcTtasnseT coboil onpefeneHHyo uanyeckyto BennunHy. OHO npeacTaBnsieT cob60i BeUUMHY, 3aBUCALLYIO OT
NPOAO/IbHOTO HaNpPsXeHUs, BHYTPEHHEro AaBNeHUs, Hapy>XXHOro AaBneHua U pa3mepoB Tpy6bl, ANA UCNONb30BaHUS B
HekoTopbIxX hopmynax. ViHorga ero HasblBalT (PUKTVBHLIM HanpshxeHnem J1lo6MHCKOro.

4 O603HauyeHud

B HacTosLweM cTaHfapTe NPUMEHeHbI Criefytolime 0603HaYeHNs:

A — HaTAr Npu py4YHOM CBUHYMBAHWU;

4B(/B) — paccTosiH/e 0T TopLa MydTbl ;0 OCHOBAHWSA TPEYroNbHOro kneima Npu py4YHOM CBUHYMBaHWUK,

Aal — nnowajgb KpMTMHECKOro NonepeyHoro cevyeHns 6onee cnaboro KOMNOHEHTa COeAMHEHNS:

A9, B C [b— pasmepbl NprcnocobieHns gas UCMbITaHs Ha HanpaB/eHHbI 3arn6:

AetSi — KpuUTUYeckuidi pasmep NpMcnocobeHns A8 UCNbITaHWsA Ha HanpaB/eHHbIV 3aruo.

A — nnowagb NoNepeyvyHoro ceYeHrs No BHyTpPeHHeMy AnameTpy:

Afi — nnowagb NonepeyvyHoro ceveHnss Mybl;

Ap— nnowaab NonepeyHoro ceveHns Tpybbl B NIOCKOCTY NOCNEAHEro BUTKA Pe3b0Obl C MOHLIM npoduiem,

AO— nnowaab NoNepeyYHOro CeYeHNs No HapyXHOMY AnameTpy:

— nnowaab NonepeyHoro cevyeHuns Tpyobl;

4P — cpefHsAsa nnowanb NonepeyHoro ceyeHns Tpyobl:

Aa— nnowajb NonepeyHoro cevyeHns obpasua gnsa UCnbiTaHNsa Ha pacTsHXKeHNE;

a — B hopmyne npefesibHbiX 3Ha4YeHUi — Hambosbliasa hakTnyeckas rnybuHa HecoBepLUEHCTBA Tuna
TPeLLHbI; B hOpMysie MPOEKTHbIX MPeAe/bHbIX 3HaYeHU — MakcuManbHas rny6rHa HecoBepLUeHCTBa Tvna Tpe-
LLMHBI. HEBbISIB/IEHHOTO CCTEMOW KOHTPONS.

am— rnybrHa HecoBepLUEHCTBA, CONOCTaBMMast C KOHKPETHLIM YPOBHEM MPUEMKU, T. €. HambosbLias riy-
6UHa HecoBepLUEHCTBA TvNa TPELLMHbI, KOTopas MOXeT 6bITb NPUHATA CUCTEMOL KOHTPOAS KakK 4ONYCTUMOE Heco-
BEPLUEHCTBO:

a(D— cpepfHee 3HaYeHne oTHoLWeEHW tID, ncnonb3yemoe Npu perpeccnoHHOM aHasn3e;

b— napameTp pacnpegenexus Beiibynna:

B —paccTosiHne mexay CTeEHKaMun MaTpuLbl UM onopaMy NPY CMbITAHUM Ha HanpaB/eHHbIN 3arno.

C— 13rnb Tpy6bl — 06paTHasn BenMuMHa paguyca nsrnba ocu Tpyosbi;

Cs — cnyyaiiHas nepeMeHHas, xapakrepusyloLas HeonpeeneHHoCTb Mogenu;

d — BHYTpPEHHWIA fnameTp Tpyobl;

dou— BHYTPEHHWIT fameTp BblCaAKu:

dM]| — BHYTpeHHUIA gnameTp TpyObl, paccunTaHHbIli ¢ KO3thPULMEHTOM » 8,

d, — gnameTp BNaguHbl pe3bobl My Tbl B N10CKOCTM TOpLa TPY6bl NPW MEXaHNYEeCKOM CBUHYMBAHWU;

d3— BHYTpeHHW grnameTp pe3bObl TPYO6bI B NI0CKOCTM TOpLA MydThI MPU MEXAHNYECKOM CBUHYMBAHUN, MM.

D — HOMWHaNbHBbIA HAPYXHbIA fuaMeTp TPyobl;

Dac— cpefHwuii HapyXHblli AnameTp TpyObl nocne Haapesa,;

Da,, — cpeaHuWit HapYXHbIli guameTp Tpyobl.

— CpeAHWii HapyXHbIii AnameTp TpyObl 4,0 HaApesa;

DC — HOMUWHaNbHBIA HAPYXHbIV AnameTp cneymanbHO My d Thi;

D, (B,) — HapyXHblli AnamMeTp TOPLLEBOI MI0CKOCTM 06bIYHOW MydIThbl CO CrieLluanbHo hackoi;

Dv, (W) — HOMUWHa/IbHbIN HAPYXHbI AriameTp 06bI4HON MydITbI;

O™* — MaKcUMasbHbIA HapYXHbI gnameTp TpyObl.

— MVHMa/bHBIA HapYXHbI AuameTp Tpy6bl:

D4— HapyxHblii guameTp pe3bbbl TPYObI;

£ — mopaynb HOHra;

Ec— cpegHuii gnameTp pe3bbbl nocepeguHe MydThl A1 coefnHeHuii BC n OTTM unm BHYTPEHHUA
avameTp pacToukn myd Tel gnsa coeguHeHunii HKM n OTTT;

Eac— cpeaHuii gnameTp pe3sbObl B N0CKOCTY TOpLa MydThl;

£0— cpefHwuit guameTp pe3bbbl B MI0CKOCTM TOpLa TPYObI;

£, — cpefHuii guameTp pe3bObl B N1I0CKOCTW PYYHOrO CBUHYMBAHUS:
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E7— cpefHuii anameTp pe3bObl B OCHOBHOW N10CKOCTY;

B — 4MC/I0 Diinepa unv ocHoBaHve HaTypasibHOro forapudmMa, paBHoe 2.718281828;
ec—3KCLueHTpucuTeT:

f— cTeneHn cBo6ogpl;

f(X) — doyHKLUMA NAOTHOCTY CYMMapHOI BEPOSITHOCTU NepeMeHHbIX BeKTopa X:
fm— cpes no BnagmHam npodouns Tpy60npoBoHO pe3bobl;
Fa— ocesoe ycunue;

— cocTasnsaLwan 3¢ eKTUBHOIO 0OCEBOT0 YCU/USA, HE Bbl3BaHHAA U3rM6OM:
Fon — adphekTBHOE OCEBOE yCunue;
Fy pm (Fyapi) — oceBoe ycunme npu BO3HUKHOBEHWM TekyyecTu no oopmyne Bapnoy;
O — ANMHa pe3bbbl C HENOMHbLIM NpoduNeM;

A(X) — dyHKUMA NpefenbHbIX 3HAYEHWIA:

GO0 — Ko3thhMLUMEHT BIUSHNSA Anst KpBOi FAD npesenbHbIX 3HaYEeHWI;

G ,— K03(hpULMEHT BAMAHUS 415 KpMBOI FAD npefenbHbIX 3HaUeHWiA;

G2 — K03t hULMEHT BAMAHUS 418 KpMBOIA FAD npefenbHbIX 3HaYeHNI;

G3— k03hhULMEHT BAMSIHWA AN KpuBOi FAD npefenbHbIX 3Ha4YeHNI;

G4— Ko3athhUUMEHT BNMAHMSA ANs kprBoii FAD npefenbHbIX 3HaYeHNI;

hB— BbicoTa npodhuns TpaneuenaanbHol pesbobi:

hn— koahpnumMeHT, yunThiBatoLWmii hopMy KPUBOIA HanpsxeHne-gedopmMaLms:

ht — BbicoTa npodunnsa TpeyronbHol pesbosl,

H — BbICOTa UCXOAHOrO NPONIA TPEYrosbHON pe3bobl;

| — MOMEHT MHepLuM NONepPeYHOro ceveHns Tpyosl;

| *<*— cpefHnit MOMEHT MHEPLM NONEPEYHOro ceveHust Tpy6bl;

/ b[Mb) — usrnbarLnii MOMEHT.

/p (Jp)— NONAPHBIA MOMEHT MHEPLMM NONEPEYHOTo CeYEHNS TPYObI.

J— paccTtosHue oT Topua Tpy6bl A0 cepeuHbl MyddTbl NPY MEXaHNYECKOM CBUHUYMBaHUN;

J,C — CTOWKOCTb MeTasiNa K paspyLleHuio;

Jina, — CTOIKOCTb MeTasINa K pa3pyLLeHunio B onpeseieHHon cpeae:

J, — K03(hPULMEHT MHTEHCMBHOCTMN HAMPSHXKEHWI Ha OCHOBE J-MHTErpana;

J-WHTBrpan — VHTEHCUBHOCTb NOA HANPSHXKEHW 1 AedopmaLnii B611M3n BEPLUMHbI TPELLUWHBI;

K {K) — KO3thhVLIMEHT MHTEHCMBHOCTU HANPSHXKEHNI B BEPLUMHE TPELLWHBI;

SA— npomexyToyHas nepemMmeHHas B oopmyre Kputepusi Tekyvectu ooH Museca no ctaHgapTy [1] unm [2];

KN— KO3(PhMLUMEHT MPOYHOCTM NPU paspyLleHnn, NOJTyYeHHbIV NO pesyibTaTam UCTbITaHWi;

KB — MPOMEXYTOUHas nepemeHHas B opmyne Kputepus TekydecTu hoH Museca no ctaHgapty [1] unm (2);

— NpOMeXyToUYHas nepemMeHHas B oopmyne Kputepus Tekyyectu poH Museca no ctaHgapTy [1] nnm [2];

S — noctosHHan B hopmyne Ans ynpyroro CMATUS;

£y — nonpaBoYHbIN KO3 DULMEHT, yUnTbIBAIOLLMIA fedhopMmaLlmio TPY6bl 1 AeddopMaLMOHHOE YNPoYHeHue
meTanna:

F— KO3 HNUMEHT CMEeLLEeHUs A8 YNPYroro CMATUS;

K, IK1— noHwxatowmii KoathuLMEHT A5 NPOEKTHOrO YNPYroro CMATUA:

St — KO3 PULMEHT yANTMHEHUS;

KOU* — NonpaBOYHbI KOIPDULMEHT ANS NPELEeNbHbIX 3HAUEHUI YNPYroro CMATHS.

K, — MOMPaBOYHbI KO3h PULMEHT A5 MaccuBa AaHHbIX no Tabnuue E. 1;

3 — koadhduLMeHT, cnyxaluii 4na onpefeneHnss MUHUMasbHOM TONLWMHBI CTEHKU TPY6bl, [OCTATOYHON
4NS nonyyYeHns nonepeyvyHoro obpasua 411 UCMbITaHWA Ha YAapHBbIA 13rvo;

S (n) — k03D PULMEHT YNPOUHEHNSA AN KPUBOW MCTUHHOTO HaNpsXeHusi-aedopmaLmn:

5 — KoathuUMeHT nepecyeTa [/IUHbI;

AT3| (K, Tal) — Ko3adhdmLMeHT BA3KOCTM pa3pyLUeHUs MeTanna B onpeaesieHHon cpee.

S — NonpaBOYHbI KO3 PULMEHT ANA pacyeTa Macchl;

h— KoadhhmumeHT nepecyeTa HanpsHKEeHWiA;

Ap(Kp) — COOTHOLLEHVE HanpsHKeHWs, Bbl3bIBAEMOr0 BHYTPEHHNM AaB/ieHem, 1 npegena TekyyecTu;

S — reomeTpuyeckuii koadULMEHT BEPXHETO KBaApaHTa B OpMysie Kputepus TekyvecTn gpoH Museca no
ctaHgapty [1] wnnm (2);

po— reomeTpuryeckunii kO3tMLMEHT HUKXHETO KBaApaHTa B hopMysie Kputepus TekyuecTn hoH Museca no
cTtaHgapty [1) v [2);
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K, (K,) — k03t hLNEHT MHTEHCMBHOCTMN HaNPsHKEHWA,

kt,D(Zp) — nonpaBou4HbIil kO3hULNEHT HA OTKIOHEeHUe tID OT cpefHero;

Kmu (w<o0) — noHmxatoLwmin KoathnymeHT B hopMysie NPOEKTHbIX NMpefesibHbIX 3HAYEHUI;

fe,ull {HtM) — noHwnxarowmin KoadpruneHT B hopmMysie npefenbHbIX 3HaUEeHWIA:

— KO3(P(PMLMEHT, yUnTbIBaOLWMIA YCTAHOB/IEHHOE NpeAe/ibHOe OTK/IOHEHWE TOMNLWMHbI CTEHKM TPYObI;

" pa— KO3 (pMLMEHT nepecyeTa Macchbl Ha e ANHULY ASIVHbI:

KX (X) — nonpaBoyHbIli KO3 PULMEHT AN pacyeTa cpegHero gnameTpa pe3bbbl B M10CKOCTM TOpLa
MY Thl;

K, — KO3(O(PULMEHT CMELLEHNA ANA NNACTUYECKOTO CMATUSA:

K, — NMOHWXatLLMA KOIPNLMEHT A5 NPOEKTHOIO NIACTMYECKOro CMATUS;

/"-nonpaBOYHbI N KOIPULMEHT AN NpesesibHbIX 3HAYEHUI N1aCcTUYECKOro CMATHUS;

K, (&)— KOah(pMUMEHT YyBCTBUTENBHOCTH:

b— anvHa NnepexofHoro yuyacTka BHYTPeHHeN Bbicagku:

L— annHa C-o6pasHoro obpasuya;

Lg(LL5)— paccTosiHue oT Topua Tpy6bl 0 Havasia NepexofHoro yyacTtka BbICagKu;

L, — MMHMManbHaa AnvHa pesbObl ¢ BepLUMHaMy NOIHOTo Npodhnnas oT Topua Tpy6bl;

Lal — panHa Tpy6bl € y4eTOM OTAE/NKM KOHLOB;

La — AnvHa conpsixeHus Npu MexaHN4eCckoMm CBUHYMBAHUM COEUHEHNS C HOMUHA/IbHBIMU TeOMeTpuYec-
KMMU napameTpamu;

Lau— pivHa nepexofHoro yyacTKa Hapy>XHOW BblCaKu:

Lu— AnvHa BHYTPEHHEN Bbicaaku;

L, — AanvHa Tpy6bl;

Lm(A/J — gnvHa mydTbl:

Lnam— HOMUWHaNbHasA feTepMUHUCTUYECKas Harpyska;

L, — KoahpuLMEHT Harpysku.

L, — obwas gnnHa pe3bbbl TPyObI;

L, — paccTosiH/e oT TopLua Tpy6bl 4,0 MIOCKOCTU PYYHOTrO CBUHUMBAHUS;

L7— anuHa pe3b6bl TPY6bI C NOMHLIM Npodunem;

T — pacyeTHas macca Tpybbl:

T c— Macca 06bI4YHOW MydThl;

mLB— macca mydTbl 418 o6caaHbix Tpy6 BC;

T ¢3— macca MmydTbl, yaansemas npuv BbINOJIHEHUM cneunanbHol dhacku;

b — Macca MyqTbl CO cnewumanbHoi hackoii:

T al— yBennyeHne macchbl Tpy 6 bl NPY HAPYXKHOM 1 BHYTPEHHE R BbicafKax.

T aw — yBesimyeHune Mmaccbl Tpy6bl NP HAPYXXHOW BblcaaKe:

T , U— yBennyeHne macchl Tpy6bl Npu BHYTPEHHEN Bbicaake:

mL(W J — pacyeTHas macca Tpyobl A/IMHOM L.

T 7a(wag — Macca Tpybbl 6€3 pe3bbbl U BblCaKN HA e AUHULY OJINHBI:

T N— macca, ygansemas npu HapesaHuu pe3bbbl Ha Tpy6e;

mic (iv,,) — macca Tpy6bl ¢ pe3b60oii U My To Ha eaNHNLY OVHBI;

T n(wu)— mMacca Tpy6bl Nocne BbiCaAKN Ha eANHULY OSNHbI;

T — HeonpeAeneHHOCTb MoJeny;

M — paccTosiHne 0 T Topua My Tbl 0 NJ1TOCKOCTN PYYHOTO CBUHYMBAHUS:

M, (I) — KpYTALLMIA MOMEHT;

N— YMCNO UCMbITAHWIA HA CMATUE:

n, (W,) — uncno ncnbiTaHuii,

JV— 4ncno BUTKOB B CONPSXKEHNN:

O0V— OB&/1bHOCTb;

p — war pe3b6bl;

P — peincnioyowee gaBneHue:

Pc (Pc) — aaBnexune cmMATus;

Pcp— npegenbHoe fasnexve:

Pd (pii)— gasneHvne cMATUA NPY HA/IMYMN BHYTPEHHETO AaBNEHUS;

Pa<n(Pac*) — npoekTHOe AaBfieHne CMATHS;

pacT (Pacbl— NPOEKTHOE laB/IeHNE CMATUS C NOMNPAaBKOl Ha BHYTPEHHEE flaB/eHune:
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Patn,, (p”B 0)— faBneHne CMATAA C NONPaBKOl Ha 0CEBOE HaMpshXeHne 1 BHYTPEeHHee JaBlieHune;

PO (pB) — faBneHne ynpyroro CMATus;

Pac (poc) — pa3HOCTb faB/IEHMIA YNIPYroro CMATUS;

Pa (p0,,) — NPOEKTHOEe AaBfieHne ynpyroro CMATUS;

PoM (p, uit)— npefenbHoe faBneHne ynpyroro cMATUS;

P,— BEpPOATHOCTb OTKa3a TPyO6bl MPU NNACTUYECKOM pPa3pyLLlEHUN:

Pm (pw) — ncnbiTateNbHOE rmgpocTaTuyeckoe AaBneHne;

P, (p)— BHyTpeHHee gaBneHue;

pir (Pe) — BHyTpeHHee faBfieHne npu paspyLleHuu;

pw (P,1)— BHyTPEHHEE AaBNeHWE NPy NOABNEHNN YTEUKN;

PiR(pIR)— BHyTpeHHee gaBneHve npu n1acTMyeckom paspyLleHun Tpyobl ¢ TOPLEBLIM YNIOTHEHNEM:

PIRa(p,Ra) — P« c nonpaBkoli Ha OCEeBYI0 Harpy3ky 1 HapyHoe AaBfeHue;

PIp(p2) — n3meHeHvie AaBNeHNs BUTKOB pe3bbbl MY Tbl MHUNNENA APYT Ha ApyraBpe3ynbTaTe CBUH-
YMBaHWUA NOC/E NPUIOXEHNSA BHYTPEHHETO [JaB/IeHus:

P|YanW(Pygap,) — BHyTpeHHee faBfieHne BO3HMKHOBEHWS TEKYUYECTN B TOHKOCTEHHOI Tpy6e;

P,yc(Pryc)— BHyTpeHHee AaBneHne BO3HMKHOBEHMSA TEKyYeCcTu B MydhTe;

P(ylc (Pylc) — BHyTpeHHee faBneHne BO3HNKHOBEHUSI TeKy4YecTy B TONICTOCTEHHON Tpy6e ¢ TopLeBbIM Y-
NOTHEHMeM;

PYLO (p.VUl) — BHyTpeHHee fjaB/ieHne BO3HWUKHOBEHWA TEKy4eCTU B TONICTOCTEHHOW TPpy6e C OTKPbITbIMU
Topuamu;

P{— npoyHoCTb coeanHeHus;

Pu (pM) — pasHoCTb AaBneHuit:

P1i(p0) — HapyXXHOe faBneHue;

Pon/(pOl) — npeaenbHoe HapyxHOe faBeHne Npu CMATUN:

Pp (pP)— gaBneHvie nnacTnyeckoro CMATUS;

Ppav (Ppav) — faBneHve cpeHero n1acTM4eckoro CMSATuS;

Pp (p,) — faBneHne BUTKOB pe3bbbl Myd Thl ¥ HUNMENS APYT HA Apyra B pe3ynbTaTe CBUHYMBAHUS;

pic(P)— npegenbHoe fgaBneHne repMeTUYHOCTU COefUHEHNS:

PT (Pr)— AaBneHvne nepexogHoro CMATUS;

PuJ(pu) — npegenbHoe AaBneHne CMATUS;

Py (Py) — naBneHune nnactnyeckoro CMATUS:

Pyc (Pyc) — pa3HOCTb AaB/eHWin NNacTUYeCcKoro CMATUSA:

Pvdei (p>I3=) — npoekTHOE AaBneHre NNacTMyeckoro CMATUS;

Pym (P,bl) — pasHoCTb Mexay AasreHnemM no goH Mum3ecy 1 no TONLWUHE CTEHKN;

Pyp (pyp)— AasnexHne cMATUA Npu SOCTWXEHUN Npefena TeKyyecTu;

PvTiasca (pvTiesca) — faBneHne nnacTuyeckoro cMAaTus no Tpecky:

Py uit (Py jh) ~ npegenbHoe faBneHne nnacTUYeckoro CMATUS:

Py ura (pywro) — faBnieHne nnacTuyeckoro CMATUA no thoH Musecy;

O— AvameTp pacTouky B MI0CKOCTM TopLa MydThbl;

r— paguanbHas KoopanHaTa,;

ra— pajAnyc onpasku (TyaHCoHa) AN UCMbITAHUA Ha Hanpas/1eHHbINA 3arv6:

b— pagnyc MaTpuLLbl A1 UCNbITAHUSA HA HANPaBMEHHbIN 3arm6:

R. (rs)— ocTaTto4yHoe HanpsXXeHue Mpu oTpPULATE/TbHOM CXaTUW Ha BHYTPEHHEW NOBEPXHOCTU:

S,,, — Cpe3 Mo BnaguHam npodanss TpeyronbHol pesbobl;

s,lf— cpegHekBagpaTVYHOE OTKNOHEHKE OTHOLEHUI tID, NCNONb3yeMbIX AN PErPeCcCMOHHOT0 aHan3a;

S — paccTosHue mexay naacTvHaMmn Npu CiloLWBaHNK;

Sp— cpefHekBagpaTuyHas NorpeLlHoCTb OLEHKN No hopMyne perpeccuu;

t— HOMUWHaNbHAasA TOMLWMHA CTEHKN TPYObI;

taa— cpefHAsA TONWMUHA CTEHKM 6e3 yyeTa HeCOBEPLLEHCTB TNa TPELLWH.

tcaa— cpefHAs TOMNWMHA CTEHKN TPYObI;

tomex — MakcumanbHas TO/LWMHA CTEHKU TPY6bI;

tcnn — MUHUMaNbHas TONWWHA CTEHKN TPYObI:

frma, — mMakcvmMasibHas TO/ILWMHA CTEHKM 6e3 yyeTa HeCOBEPLLEHCTB TuNa TPELLMH;

tmn— MUHMMaNbHas To/LWMHA CTEHKM 6e3 yuyeTa HECOBEPLLEHCTB TUNa TPELLMH:

Ta— KOHYCHOCTb;
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X — BEKTOp CNyYaiHbIX NepeMeHHbIX;
P— nokasartenb HafeXHOCTN NEPBOTro NOPALKA,;

— koadhpmumeHT aechopmauuy;
eln— norapucmuyeckas gedopmaums;
Smn— aecopmaLus, COOTBETCTBYIOLL A YCTAHOB/IEHHOMY MUHVMMa/IbHOMY NpeAeny Teky4yecTu:
(1— cpogHee 3HaueHue:
u5— cpefHee 3HaueHue AaBneHns CMATUS 418 Habopa pe3ybTaToB UCNbITaHUI HA CMATUE;
pac— cpefHuii pacyeTHbIN SKCLLEeHTPUCUTET;
LLy— cpejHee pacyeTHOe 3HayeHue Cy,

— cpefHAsa pacyeTHas OBasIbHOCTb;
L@ — cpefjHee pacyeTHOe OCTATOHHOE HaNPSHKEeHVE MPU OTPULLATEIbHOM CXXaTUW Ha BHYTPEHHE NOBEPXHOCTY;
vV — Ko3thdpuumeHT MNMyaccoHa;
N— yuncno nu;
&, — BEpOATHOCTb OTKa3a,;
0 —yron cneymnansHon dacku;
BP— Hey4TeHHas 4,018 nonynauuu;
a— cpefHekBaApaTuyHoOe OTK/TIOHEHNE:
0Oa— COCTaBNALLLas 0CEBOrO HANPSHXKEHUS, He Bbi3BaHHAs U3rM60oM:
Op— cocTaBnsoLLLas 0CeBOro HanpsXKeHus, BbI3BaHHasA U3rmMbom:
0C— UCTUHHOE HanpshxeHue (HanpsxeHne Kowum);
a0— aKBMBAsIEHTHOE HanpsXeHue;
0 — a(hheKTUBHOE HanpsixXeHne;
0, — HanpshkeHue B CTeHKe TpyObl Npy rMAPOCTaTUYECKOM UCMbITaHUK;
0oh— TaHreHuymasnbHOEe HanpsHXKeHue;
BP™ — MakcMMasibHOe OCHOBHOE HanpsXeHue,;
a,— paguanbHoe HanpshkeHue;
ofes — ocTaTouHOE HanpsxeHwue;
0S— cpefHeKBaApaTUYHoe OTKNOHeHNe Habopape3yNbTaToB UCMNbITAHWI HACMATHE;
aJ1— noporoBoe HanpsixeHue,;

KO — npepen NPoOYHOCTU NP pacTsHXXEHUN NpeacTaBuTeNIbHOro o6pasya;

o™n (W) — 3afaHHblli MUHVMaUTbHBIV Npegen NPOYHOCTY NPU PaCTSXKEHUN;
awnmc ("umnc)~  3afaHHbli MUHUMasTbHBIA Npeen NPOYHOCTY NPY PACTSHXXEHUN 418 MydTbI;
°u>nnp("mnp)~ 3agaHHblii MUHUMa/TbHBIA Npeaen NPOYHOCTY NPU PACTAKEHUN AN Tena Tpyobl;
Qup (fup)— npepgen NPoYHOCTM NpeACcTaBUTENILHOTO 06pasLa Npu pacTsHXeHUn Ana Tena Tpyobl;
oy (ly)— npegfen TekyyecTn npeacTaBuTeIbHOro obpasLa npy pacTsKeHUH;
aya* ("yax)— aKkBMBaNEHTHbIV Npeaesn TeKy4ecT! NpU HaIMYnM OCEBOTO HAaNMPSHKEHNS;
[yB (fie) — akBMBaneHTHOE HanpsXXeHne TeKy4ecTn NPu HaIMYM 0CEBOr0 HaNpPsSXXEHUs,
oynTi (/ynm) — 3a4aHHbI MUHUMAaNbHBIA Npeaesn TeKy4ecTy Npu pacTsHXXeHnw;
fiym@(Vnmc) — 3agaHHbI MUHUManbHbIA Npegen TEKyYecTu Npu pacTskeHnn ansa mydTbl;
Qe (fynmp)— 3a4aHHbIN MUHUMaNbHbIN Npeaen TeKyYecTV NpU pacTaxXeHun Ans Tena Tpyo6sbl;
o,p (I )— npepen Teky4yecTn npeacTaBMTeIbHOTO 06pasua Npy pacTsXxeHun 4ns Tpyob;
S (e0 ) — yA/IMHEHWE NpY pacyeTHol gnnHe obpasya 50.0 mm;
T — KacaTte/lbHoe HanpshkKeHne npu KpyyeHuw,
0. (eT)— usmeHeHne maccbl Npu OTAENKE KOHLIOB.

5 CokpauieHuns

B HacTosLeM cTaH4apTe UCMONb3YIOT CrieAyloWwmne coKpalleHus;

BC — T1n ynopHoro coeguHeHuns o6cagHbix Tpy6 ¢ TpanelenganbHol pe3sboil;

EU — T1n coeAvHeHns HAaCOCHO-KOMMPECCOPHbIX TPYO C BbICAXKEHHBIMU HAPYXY KOHLL@MW C TPEeYrosibHOM
pe3b6oii:

FAD — anarpamma OLeHK/ BEPOSAITHOCTY paspyLLeHus;

LC — TN coeguHeHns o6caaHbIx Tpy6 C YAIMHEHHON TpeyronbHON pe3b6oii.

NU — Tvin coejuHeHns HaCOCHO-KOMMPECCOPHbIX TPY6 € TPeyrosibHoli pe3b6oii;

PDF — napameTpbl oyHKLUMU pacnpegeneHns BeposTHOCTEN;
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CDF — chyHKUMA KYMYNSATUBHOTO pacnpegeneHus:

SC — T1n coefnHeHNs 06cafHbIX TPy6 C KOPOTKOW TPEyrosibHOW pe3b6oii:

MK3 — mMofenb KOHEYHbIX 3/1EMEHTOB;

HKT — T1n coefMHeHnsa HACOCHO-KOMMNPECCOPHbIX TPY6 C TpeyronbHo pe3b6oii;

HKTB — Tvin coefuHeHNs HaCOCHO-KOMMNPECCOPHbIX TPYO € BbICAXKEHHBIMN HAPYXy KOHLAMW C TPeyrosbHOM
pe3b60oif;

HKM— T1n coeivHeHns HACOCHO-KOMNPECCOPHbIX TPY6 C TpaneuenaanbHoV pe3b6oii 1 y310M ynIoTHEHNA
«MeTan-MeTanI»;

OTTM — Tvn coefuHeHus o6cafHbIX TPY6 € TpaneuenaanbHol pesb6oid;

OTTI — Tun coeanHeHns o6cagHbIX TPY6 ¢ TpaneuenanbHoi pe3b6oii U y310M YNIOTHEHUSA «MeTans-
meTasn».

6 TpexmepHasa TekyyecTb Tena pr6b|

6.1 O6WMe NooXeHUs

Mpun aHann3e TpexMepHON TeKyyecTn Tena Tpy6Obl MCNONb3YIOT KpuTepuii thoH Museca. Ynpyroe coctosiHue,
npuBogsLLee K BOSHUKHOBEHMWIO TEKYHECTUN, BO3HUKAET NPU HAIOXKEHUM CrefyroLwmx hakTopos:

a) paAnasibHOro 1 TaHreHUMasibHOro HanpPsXeHW, onpegeneHHbIX no gopmynam JSlame Ans TONCTOCTEHHOTO
LUnnmHapa;

b) paBHOMEPHOr0 OCEBOr0 HaMPSHXXeHNUA 0T BCEX UCTOYHMKOB, KPOME M3rnba,;

C) 0CEBOrO HanpsxeHus n3rnba ans épyca TUMOLLEHKO;

d) HanpsxeHus casura nNpu KPyYeH MOMEHTOM, Hanpas/iEHHbIM MO OCU TPYObI.

Bonee nogpo6Has NHopMaLWsi No pacyeTy TPEXMEPHOI TeKydecTy Tena Tpy6bl NpuBeAeHa B MPUAOXKEHN A.

6.2 lonyu,eHna n orpaHuyeHuns

6.2.1 O6Lwme nonoxeHns

®opmynbl (1)—(7) ocHOBaHbI Ha NPUBEEHHbIX B 6.2.2—6.2.5 fonyLeHnsX.

6.2.2 KOHLEHTPUYHOCTb ¥ OKPYXXHOCTb MOMEPEYHOro CoYeHns TpyObl

dopmynbl ANA pagnanbHbIX U TaHTeHLMaNbHbIX HANPSHKEHWi, n3rnba 1 KpyYeHust OCHoBaHbl Ha Npeanoso-
XEHUW. 4TO ceyeHune TPybbl COCTOUT U3 HAPYXKHOW U BHYTPEHHEN OKPYXHOCTEW, KOHLEHTPUYHBIX Y UMEeIOLLIUX
npasuibHy0 opmy.

6.2.3 M30TponHaa Teky4yecTb

Mpepgen TekyyecTn TPy6bl NpeanonaraeTcs He 3aBUCALLMM OT HanpasneHns. MNpegnonaraeTtcs, YTO CBOW-
CTBa MPOAObHBIX U MONepeyHbIX 06pasL 0B NAEHTUYHbI, OHN 061a4aloT OAMHAKOBLIMU MOAYIAMU YNPYTrOCTU 1
npegenaMmu TeKy4ecTu Npu pacTsHKEHUN N CKaTUN.

6.2.4 OTCyTCTBME OCTATOUYHbIX HANPSHKEHUIA

Mpv onpegeneHyn BO3HNKHOBEHNS TEKyYeCTU NpeanosiaraeTcs, YTo OCTAaTOUHbIMU HAMPSXXEHNAMMN, BO3HU-
KaroLummn B xofie nNpou3BoACTBEHHOIO npoLecca, MOXHO NpeHebpeyb.

6.2.5 HeyCTOWYMBOCTb MOMNEPEYHOro COYEeHUsA (CMATUE) U NPOAOSbHAA HEYCTOWYNBOCTb (BbITHY-
TOCTb)

Mpu Pc>P BO3MOXHO CMATVE NONEPEYHOro CeHEHNS 13-3a NOTepU YCTONYMBOCTHU eLlle ,0 BO3HUKHOBEHNS
TekydecTun. Cnyuaii CMATVSA, KOr4a HapyXXHoe faBneHune 60/blue BHYTPEHHErO, CM. B pa3fene 8. AHaNIorMyHo npu
ad < 0 BO3MOXHa NOTepsi NPOA0/LHON YCTONYNBOCTY TPYObl O BO3HUKHOBEHWSA TEKYYECTU, U M3rnbatoLme Ha-
NPSHYXEHNA OT BbITHYTOCTU HEOO6XOAMMO YUMTbIBATL MPU MPOBEPKE Ha TEKYYECTb.

6.3 TpeboBaHMA K UCXOLHbIM AaHHbIM

[na pacyeta TpexmMepHOIi TekyyecTn Tena Tpybbl HE06X0AUMbI CNeayloLmMe NCXOAHbIE AaHHbIe:

C— 13rn6 Tpybbl — obpaTHas BennunHa paguyca usrnba ocu Tpy6bl, paa/m;

D — HOMWHasbHbIA HAPYXHbIA AnameTp TpyObl, MM;

Pa— oceBoe ycunve. H;

0yTn — 3afaHHblil MMHMasbHBIV NpeAen TekyvyecTn npu pacTsxeHun. Mra;

*Wli — KO3th(PULMEHT, YUNTbIBAKOLLMIA YCTAHOB/IEHHOE NpeAeibHOE OTKTOHEHNE TOJLLMHbI CTEHKM TPY6bI,
paBHbIii 0.875 ANns npefenbHOro OTKIOHEHUSA MUHYC 12.5 %;

P — BHyTpeHHee gaBneHne. Mla;

PO— HapyxHoe gaBneHue. MMa:

Mt — NPUNOXEHHBIA KPYTALWMIA MOMEHT. H  M;

t— HOMWHaNbHas TONLWMHA CTEHKN TPYObI, MM.
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6.4 ®opMyna NPOEKTHO TpeXMepHOI TekyuyecTu Tena Tpyo6sl
BO3HVKHOBEHWE TEKYYECTU ONpesenseTcs cieayoluM paBeHCTBOM

(H
rae o, < <QyTr COOTBETCTBYET YNPYromy COCTOSHUIO:
0,, — 3KBMBAJIEHTHOE HanpshkeHne. MIMa.
</nNn— 3ajaHHbIli MUHUMasIbHBIV Npeaesn TeKy4YecTy npu pacTtshkeHun, MrMa.
OKBMBAJIEHTHOE HaNpPsHKeHVe BbIYUCAAIOT Mo hopmyne

+*1 + K +o0if)2-0r1c ,-0 r(oa +cm)-o Maa +<Tb)+3T*Bp ; 2)

npuv aToMm.

P D2)-(*-P 0).4'3;';292

g = ) (3)
D -d wall
Oh at (4)
=fs_.
Aa' ®)
< \= * =EcT, (6)
M,r
t,a ]
rae aa — 3KBMBAsIEHTHOE HanpskeHue. Mla:
a, — pagunanbHoe HanpskeHune. MlMa:
0, — TaHreHuuanbHoe HanpshkeHune. MlMa;

0a— COCTaB/ALLLAaA OCEBOr0 HaNPsHKeHWs, He BbI3BaHHasA n3rméom, Mra;
Ob — COCTaB/IALLLAsA OCEBOr0 HaNPsSXXeHWs, Bbl3BaHHasA usrnoom. Mra;
— KacaTesibHOoe HanpshkeHue npu kpyyeHun, MMa;
P, — BHyTpeHHee gaBneHue. MMa;
dwen — BHYTPEHHWUIA guameTp Tpy6bl, paccUnTaHHbIA ¢ KO3 ULMEHTOM KU1, paBHbIii (D - 2/c,dlt). Mm;
KM — KO3(hPULMEHT, yUnTbIBAIOLWMIA YCTaHOBNEHHOE NpeAe/ibHOe OTKNOHEHVE TOMNLWMHBI CTEHKM TPYObl, paB-
Hbl 0.875 Ana npeAebHOro OTKIOHEHUS MUHYC 12.5 %;
t — HOMMWHaNbHas TONLMHA CTEHKN TPY6bI, MM;
PO — HapyxHoe faBneHue. Mla:
D — HOMUWHa/IbHbI HAPYXHbI AnameTp TPyobl, MM;
I — pagvanbHas koopauHata. dl2<r<,D!2 gnsi oa, 0b TN, dm{ 12 TR0 12 gnsia, mo,;
d — BHYTpeHHUi anameTp Tpy6bl, paBHbli (D-2Q, MM;
Pa— oceBoe ycunve. H;

Ap — nnowagb NonepeyYHoro cevyeHust Tpyool, paBHas j (02- d2), Mm2;

/b — n3rnbarLmini MOMEHT. H M;

/| — MOMEHT UHepLUM NONepeyHOro ceveHns Tpyobl, paBHbIi (D4- d*). mm4:

E — mopynb tOHra, paBHblii 206.9 Mla;
¢ — mn3rnb Tpy6bl — obpaTHasA BeMUMHa paguyca nsrnba ocv Tpyobl, pag/m;
M, — NPWNOXEHHbIA KPYTALMA MOMEHT. H M;

/p — NONsApHbLI MOMEHT MHEPLMN NOMEPEYHOr0 CEYEHUs TPYObI, PaBHbIiA (D4- d*). mm4.
10
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3Hak * B hopmyne (6) ykasblBaeT Ha TO. 4TO COCTaB/IAOLLAA OCEBOr0 HaMPSHXKEHNSA, Bbi3BaHHAsA U3rnbom,
MOXeET ObITb MONOXMTENbHON (MPY pacTsHXKEHUW) UK OTpULLaTeNbHOW (MPY CXXaTum) B 3aBUCUMOCTM OT MOSIOXKEHWS
paccMmaTpuBaemoli ToUkM nonepeyHoro cevermnsi. OT n3rmba B TOUKaxX MONEPEYHOrO CEYEHNUS, PACMNOTOXKEHHbIX
61mKe K LeHTpy paguyca n3rnba, 4em NpoAosibHas 0Cb TPYObl, BO3HUKAIOT CXMMAtOLLME HaNPSHXKeHUs, a B ToUKax
nonepeyvHoro ceYeHus, pacnosioXeHHbIX Aasblie OT LleHTpa paguyca nsrmba, 4em NnpogosibHas ocb Tpy6Obl, BO3-
HVKaIOT pacTAarnsatoLLme HanpskKeHns.

EfuHuLeli namepeHns nepemMeHHol ¢ ABNSeTCA pagnaH Ha MeTp, YTO He XxapaKkTepHo A8 HethTAHOI 1 raso-
BOI NPOMbILLAEHHOCTU. Yalle npuMeHseMol eguHnLEN N3MePEHNs NePeEMEHHOI ¢ aBaseTcsa rpagyc Ha 30 M.
[na nepesoga eanHNLbI U3MepeHns rpagdyc Ha 30 M B paguaH Ha MeTp npasyto YacTb opmMybl (6) HeobxoanMo
YMHOXWTb Ha NOCTOAHHY0 /(180 30) unmn 5.8178 10™.

Mpy Hannunn n3rmba popmyna (2) AOMKHA UMETb 4 peLleHns, AN HapPY>XHON 1 BHYTPEHHER NOBEPXHOCTH
TPYObI NpU pacTsXeHUn n cxatuu. Mpu Hannunm kpyyeHnsa dopmyna (2) Ao/MKHA UMETb 2 PeLIEeHNs: AN HapYX-
HO 1 BHyTpEHHeli NOBEPXHOCTY TPyObI. Mpn OTCYTCTBUM KpyyeHus n usrnba gpopmyna (2) fomkHa MMeTb 04HO
pelleHune: Ans BHyTPEHHero paguyca Tpybbl. Bo Bcex cnyyasx B oopmyny (1) cnegyeT nofctasnATb Hanbonb-
Lee pacyeTHOe 3Ha4YeHue o,,.

B pe3synbTaTe pacuyeTa, NpMBeAEHHOrO B HACTOALLEM noApas3aene, onpeaensaoT HanpsXeHHOoe COCTOsIHMe,
npuBOASLLEE K TEKYYeCTn meTasnia Tpy6 B ciyyae HauxyALwmnx CBOMCTB3TOro MeTanna, T . B. NPU MUHUMa/IbHO
[ONYCTUMbIX 3HAYEHWNAX 3TUX CBONCTB. TO/MLLMHY CTEHKM TPYGbI NPU 3TOM NPUHUMAIOT PaBHOW MUHUMasILHO J0MY-
CTVMOI1 TONLLVIHE CTEHKN NPY 3KCLIEHTpUCHTETE, ABNSIOLLLEMCSA eCTECTBEHHbIM (DaKTOPOM npoLecca Npon3BoACTBa
Tpy6.

6.5 MpumeHeHne oOpMynbl MPOEKTHOW TPEXMEPHOW TekyyecTu Tena Tpy6bl k Tpyb6am Ans

Tpy6onpoBoaoB

Mpepen TekyyecTv Tena Tpy6 AN Tpy60NPOBOAOB MOXET ObITh paccumTaH no NpuBeeHHbIM Bbille hopmy-
naM C y4eToM OrpaHnyeHuin, NnpueBeseHHbIX B 6.2.

6.6 NMpumepbl pacyeTa
6.6.1 PacuyeT NpoeKkTHOW TokyyecTu Tena Tpy6bl no popmynam Jlame B cnyyae, Korga HapyxHoe
JaBneHune, n3rné n KpyyeHue pasBHbl HY/0

dopmynbl llame Ans pacyeta paguasbHbIX Y TAHTEHLMabHbIX HAMPSHKEHWI OCHOBaHbI Ha dopMyiax Tpex-
MepHOro paBHOBECUS NONEPEeYHOro ceveHns TpyObl B COCTOAHUM NMHEHON ynpyrocTu. MockonbKy 3To hopmMy bl
ANA TPEXMEPHOTro M3MepeHus, To OHM obecneunBatoT Hanbosiee TOUHbIA pacyeT HanpshkeHwin B Tpybe. Nanee
paccmoTpeHbl ABa BUAa Takmx hopMyn: Ana Tpy6 ¢ OTKPbITLIMU TOPL,AMU, C OCEBLIMU HANPSHKEHNAMU, PaBHbLIMU
Hy/0, 1 ANSA TPy6 C TOPLEBbIM YNIOTHEHNEM, C OCEBbIMU HANPSHXKEHNAMU OT AeliCTBUSA BHYTPEHHEr0 AaB/eHUs Ha
TOpL,EBOE YN/IOTHEHNE.,

6.6.1.1 dopmyna NPOEKTHOIN TeKyyecTu Ansa TPy6 ¢ TOpPLEBbLIM YNIOTHEHNEM

BO3HMKHOBEHME TEKYYECTU B TOICTOCTEHHbIX TPy6ax C TOPLEBbLIM YNIOTHEHNEM ABASETCA OCO6bLIM ClyYaem
cdopmyn (1) n (2). korga oTCYTCTBYIOT Hapy)XHOe AaBneHue, n3rnb n kpydeHne. OceBoe HanpshkeHe co3gaeTcs
TOJIbKO AieliCTBMEM BHYTPEHHEr0 AaB/IEHUA HA TOPLIEBOE YN/IOTHEHME.

dopmyny NpoeKTHOI TekyyecTu ans Tpy6 C TOpLEBLIM YNJIOTHEHNEM C y4eToM chopmyn Jlame Ans pagmanb-
HbIX U TaHreHLMasbHbIX HaNPshXeHWi BbIBOAAT 13 hopMybl (2). OKOHYaTenbHas hopMmyna gnspacyeta BHYT-
pEeHHEero AaBneHns BO3HUXHOBBHUSI TEKYUYECTM MeTan1a TONCTOCNIOHHLIXTPY6 CTOPLEBbLIM YN/IOTHEHNEM
PNC nmeeT Bupg,

8)
3D4 +d* 202112

wall

(@2-dQ* +(d2-d*f [d2- d2)(0o2- c/L,)

rae oy — 3afaHHbIi MUHUMasTbHbI Npefen TekyvyecTu Npu pactsxeHnn, MMa;
D — HOMWHasbHbI HAPYXHbIA AnaMeTp Tpyobl, MM:
— BHYTPEHHWIA fuameTp Tpy6bl, pacCUnTaHHBbIN ¢ KoadhdmumeHTom /c?,,, paBHbIli {D -2 kwg, t), Mm;
fcrai — KoathOMLMEHT, yUMTbIBAIOLLMIA yCTAHOBNEHHOE NpefelbHOe OTKNIOHEHNE TOSLLMHbI CTEHKM TPYObI, pas-
HbI1 0.875 ANa npeaenbHOro OTKNOHEeHN MUHYC 12,5 %;
t — HOMUWHaNbHas TOJILLMHA CTEHKUN TPYObI, MM;
d — BHYTpeHHWIA anameTp Tpy6bl, paBHblii (D -20. Mm.
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B chopmyne (8) He yuTeHO oceBoe pacTsXeHue, MOCKObKY OHO CO3A4aeTcs BHYTPEHHUM AaB/ieHneM Ha
TopLeBoe ynnoTHeHne Tpy6. B 60onee obLiem cnyyae, Korga oceBoe HanpshkeHne co3gaeTcs HbIMU chakTopamu,
OHO YYUTbIBAETCH KPUTEPUEM TPEXMEPHOI TekydecTun no chopmynam (1) u (2).

6.6.1.2 dopmyna NPOeKTHO Teky4ecTy Tena TPy6bl C OTKPbITLIMU TOPLI@MY NPY OTCYTCTBAN HAPY>KHOIO faB-
JIEeHNS1 1 0CEBOI Harpy3ku

BO3HWKHOBEHWE TEKYUYECTU B TO/ICTOCTEHHbBIX TPyHax Cc OTKPbITEIMU TOPLL@MU ABNSETCSA 0COObIM Cnyvyaem
chopmyn (1) u (2), Korga oTCyTCTBYHOT paBHOMEPHAs OCeBasi Harpyska, Hapy)XHoe JaBfieHue, U3rnb n KpyyeHue.

dopmyny NPOeKTHOI TeKyvecTV Tena Tpy6 C OTKPbITEIMU TOpLaMu € ydeTom chopmys Jlame gns pagnasibHbIX
N TaHreHuanbHbIX HaNnPsHXXeHUi BbIBOAAT 13 hopmy bl (2). OkoHYaTenbHasa hopmyna gnsipacyeta BHYTPEHHe-
ro AaBneHns BO3HUKHOBEHWA TEKYYEeCTWN B TONICTOCTEHHbIX Tpyb6ax c OTKpbIThiMUK TOpUamu P A . MMa,
nveert Buj,

Stnnfo2 -<&mm)

roe — 3afaHHbIli MUHUMaNbHBIV Npegen TekydecTu npu pacTsxeHun, MMa;
D — HOMVHasbHbI HAPYXHbI AguamMeTp Tpy6bl, MM;
dwM — BHYTPeHHW guameTp Tpyobl, paccumTaHHbIli ¢ koadduumeHTom kKWI). pasHbIli {D - 2 t), MMm:
KMVl — KO3(hPULMEHT, yUnThIBAOLLMIA yCTAHOBNEHHOE NPeAe/IbHOE OTKNIOHEHWE TOMLLMHBI CTEHKW TPY6bI, pas-
HbI1 0.875 ANa npefeibHOro OTKIOHEeHNUs MUHyc 12,5 %;

t — HOMMHanbHasA TOMNLMHA CTEHKUN TPYO6bI, MM;

B 60nee o6LeM cnyyae, Korfa oceBoe HanpsKeHne He paBHO HY/T0, OHO YUUTbIBAETCA KpUTEPUEM Tpex-
MepHOW TekydecTu no popmynam (1) u (2).

6.6.2 [aBneHne BO3HUKHOBEHUS TekyyecTu Tena Tpybbl no hopmyne bapnoy

6.6.2.1 O6LMe NonoxeHUs

dopmyna Bapnoy Ansa pacyeta fjaBneHNs BO3HUKHOBEHUA TeKy4ecTun Tena Tpybbl OCHOBaHa Ha NMPUGIKEH-
HOIi hopMyne 0AHOMEPHOI (He TpeXMepPHOW) TekydecTn ooH Museca n NnpubamKeHHON pacueTHoW hopmMyne TaH-
reHumnanbHoro HanpshkeHus B Tpybe. dopmyna bapnoy annpokcuMmnpyeT TaHreHuUaibHble HanpsKeHus v 3aTem
npupasHMBaET 3Ty annpoKcUMaLmio K npeaesny TekydyecTu. Takas annpokcumaLusa ABnseTca MeHee TOYHOM, Yem
pacueT no dpopmyne Jlame B 6.6.1. MNMockonbky dhopmyna bapnioy He yunTeiBaeT OCEBbIE YCUNSA, TO NPY pacyeTe
M0 Heli HeT pa3HuLbl Mexay Tpy6oli C TOpLEBbIM YNIOTHEHNEM, TPY6OIA C OTKPbITLIMU KOHLAMU 1 TPYOOIA, Ha KOHLLbI
KOTOpOVi fleficTByeT pacTarnearoLlas Harpyska.

6.6.2.2 dopmMyna NpoeKTHO OAHOMEPHO TeKyyecTV NoA AeCTBMEM AaBeHNs

dopmyna gna pacyeTa BHYTPEHHErO JaB/IEHUSI BO3SHUKHOBEHUSA TEKyYeCT! MeTasi/ia TOHKOCTEHHbIX Tpyo
nveer Bug,

2cym (Aedl 0

AYANW e (o] (10)

rae Py onvm — BHyTpeHHee AaBieHne BO3HUKHOBEHUS TEKyUYeCTW B TOHKOCTEHHOI Tpy6e. MrMa;

oym — 3afaHHblii MUHUMa/bHBIA Npefen TekydecTy npu pactsxeHunn. MMa;
datM — BHYTpeHHUIA grnameTp TPyObI, paccUnTaHHbIi ¢ koadhdmuneHToMm KMZ paBHbIii (0 -2 ~ a, 0. MMm;
KM — KoathuLMEHT, yunThiBatoLLMIA yCTAHOBNEHHOE NpeAebHOe OTKNOHEHVE TOMLMHbI CTEHKW TPY6bl,
paBHbIi 0,875 oA NpefenbHOro OTKIIOHEHMSA MUHYC 12,5 %;
t — HOMVHaNbHas TO/LMHA CTEHKN TPY6bI, MM;

D — HOMVHa/bHbI HAPYXHbIA AnameTp TPyObl, MM.
Ha chopmyny (10) pacnpocTpaHsaoTCA Te Xe A0oNYyLEeHNs 1 OrpaHnyeHust, YTo 1 Ha 6osee o6Lme hopmysbl,
13 KOTOPbIX OHA MOXET 6bITb BbiBeAeHa (6.2).
6.6.3 OceBoe ycunve npu BO3HUKHOBEHWUU TeKyyecTu Tena Tpy6bl no dpopmyne Bapnoy
Mpepen Tekyyectn Tena Tpyobl NpeacTaBnseT co60i HanpsxxeHne nof AeicTB1emM 0CeBOro ycunvs npu
OTCYTCTBMM BHYTPEHHETO U BHELLIHErO AaB/eHnii, n3rnba n kpyyeHns. OceBoe ycunve npyu BO3HUKHOBEHWM TEKY-
YecTy paccunTbIBaOT No creaytoLuein hopmyne

—®yTnp' ( ].].)

roe Fy A1— oceBoe ycunve npu BO3HUKHOBEHWUW TekyvecTu no doopmyne bapnoy. H;
a, M — 3a4aHHblil MUHUMasbHBIV Npegen TeKyYecTun npu pactsxeHun, MMa:

12
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[> — nnowagb nonepeyHoro ceveHns Tpyobl, paBHas ~-(D2- d2). Mm2:

D — HOMMWHasbHbI HAPYXHbIA AnameTp Tpy6bl, MM;

d — BHYTpeHHuW1 agnameTp TpyObI, paBHbii (D - 2t), Mm;

t — HOMMWHaNbHasA TONLWMHA CTEHKV TPYObI, MM.
6.6.4 BO3HMKHOBEHMWE TEKy4YecTU Tena Tpy6bl NpnM OTCYTCTBUU U3rMBa U KPYUYEHUA
Mpwv oTcyTcTBUM M3rnba 1 KpydeHus oopmyna (2) npuobpeTaeT Bug

«m»[«? +«h +01-<*r<*,-0'Oa-o0 haap , (12)

rge 0, — 3KBMBAJIEHTHOE HanpshxeHue. MMa;
0, — pagunanbHoe HanpsxeHue, Mla;
oh — TaHreHyuanbHoe HanpshxeHue. MMa;
0a— COoCTaB/soLLLaa 0CEBOr0 HANPsHXKEHUS!, He Bbi3BaHHas U3rnoom. Mra.

Mpumep — Tpyb6a C HUKHUM OTKPbLITbIM TOPLOM ONyU,€Ha B BEPTUKANIbHYK CKBAXWHY, HANONHEHHYIO
XuUAKoW cpefoii nnoTHOCThbi 1,080 kr/amM3. BHyTpeHHee n HapyXHoe gaBneHnsa Hanw 60 rny6nHe ogqUHAKOBBI,
a HWXHWI KoHel, TPy6Gbl MCNbITbiBaeT OCeBOE CXaTue, paBHOE NPOW3BEEHNI0 JaBNEeHUA XUAKOW cpefbl Ha
nonepeyHoe ceuyeHne tena Tpy6bl. HapyxHbiii guameTp Tpy6bl — 244,48 MM, TONW NHA CTEeHKU — 13,48 MM,
kwall — 0,875. MpUHUMAeM NN OTHOCTb CTanu paBHoli 7,85kr/am3 n npeHe6peraem coegnHeHnsimu. Heo6xoanumo
paccunTaTb, He BO3BHWKHET 1IN TEKy4YeCTb CaMOro BepXHero ceyeHus Tpybbl, ecnm onyctutb Tpyby Ha
rny6uHy 3000 M. MUHUMaNbHbLIN Npeaen TekyyecTn Tpy6bl — 551,6 MMa. Pe3ynbTaTbl pacyeTa NpuBeaeHbI
BTabnuye 1

Mockonbky B 3TOM npumepe M3rn6 n KpyyeHme oTCYTCTBYIO T, MOXHO He BbluncnaTb <IC AN HapyxHoi
W BHYTpeHHell noBepxHocTell TPy6bl, NOCKONbKY TEKy4YeCcThb BCerja BO3HWKAeT Ha BHYTPeHHel noBepxHoC-
Tun. HoB gaHHOM NpuMepe NnpuBeeHpacyeT AN 06enx NOBEPXHOCTEIA.

MockoNbKy 3KBUBA/leHTHOE HanpsXeHWe MeHblue nNpejena TeKy4yecTW, TO B CAMOM BEpPXHEM Ce4YyeHuun
TeKyuyecTb MeTaNnfna He HacTynurT.

Ta6nuuya 1— MNpumep pacueta BO3HUKHOBEHUS TEKYUYECTW MPU OTCYTCTBUM U3rM6a U KpydeHust

MapameTp 3HaveHne
Harpyska
Fo 1995717 H
31.73 MNa
Po 31.73 MMNa
c 0"/30 m
4 _
FeomeTpuyeckne napameTpbl
D 244 48 mMm
t 13.84 mm
*»all 0.875

CgoiicTBa meTanna

E 206.9 IMa

PacyeTHble 3HauyeHus

d 216.80 mm

220.26 mMm

Ap 10028 mm2
/ 66920762 mMm4

! 133841524 mm4
199.01 MMa
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OkoHYaHue Tabnuubl 1
MapameTp 3HaueHve

BHYTpeHHs NOBEPXHOCTb

th -31.73 MMa

< -31.73 MMa
Tha —

230.74 MMNa

<T, Ob- 230.74 MMa

HapyxHas noBepxHOCTb

< —
(e)] -31.73 MNa
< -31.73 MMa
rha —

<V°0 + 230.74 MMa

@0,0,- 230.74 MMa

7 MNnacTuyeckoe paspylweHue Tena Tpyobl

7.1 O6WMe NoMOXeHNs

Mo chopmyne NpOeKTHOro AaBieHns N1acTUYECKOro paspyLleHns onpeaensioT hakTuyeckoe paspyLueHme
Tena Tpy6bl Nog AelicTBMEM BHYTPEHHEro AaBneHuns. B To Bpems kak no oopmMyse us pasgena 6 onpegensot
BO3HWKHOBEHMWE N1aCTUYECKON AechopmaLinm, a He NOTEPH Lie/IOCTHOCTM TPY6bI, N0 hopMy/iam NPOEKTHOTO AaB/ie-
HMS NNACTUYECKOro pa3pyLleHns onpeaensoT CMoCO6HOCTL TPYObI BbiAepXX1BaTh BHYTPEHHEE AaB/ieHne 6e3 no-
Tepv repMeTUYHOCTH.

®opMy bl TPOEKTHOIO AaBNEHNSA NIACTUYECKOr0O paspyLLeHNs yYnTbIBAIOT MUHUMa/bHbIE [OMYCTUMbIE TOSI-
LLIMHY CTEHKW 1 HOMUHA/TbHbIN HapYXHbIA AnaMeTp Tpybbl, MaKCUMasibHYO r1yOUHY HECOBEPLUEHCTB, HEBbISIB/IEH-
HbIX CUCTEMOI KOHTPO/ISA, BA3KOCTb pa3pyLleHns 1 aedopMaLoHHOe yNpoYHEHME MeTanna, npeaen npoYHocTH
Tpy6bI. Mpeaen TekyyecTn He okasbiBaeT HENMOCPeACTBEHHOIO BAVSHWA Ha faB/ieHne NaacTu4eckoro paspylue-
HWS. HO BMSIET HAa KO3 PULNEHT YNPOUHEHNSA K.

dopMy/ibl NPOEKTHOTO AaB/IEHNSA NIACTUYECKOTO pa3pyLLUEeHNst MOTYT ObITb BbIBEEHbI HA OCHOBE MeXaHUKM
paBHOBECUS TPYyObl B COYETAHUN C MOAESbIO MTACTUYHOCTY TPYObI M MOAESbIO BANSHNSA HECOBEPLLEHCTB. Bbibop
OCHOBHOW (hopMy/ibl, MPUMEHEHWE 3TOI hopMy bl K CTaHAAPTHBIM Tpy6am 1 conocTasneHne hopmy bl C pesysib-
TaTtamu UCMbITaHWi NOAPOGHO PacCMOTPEHbI B NpUioxeHun B, a Takxke B ctaHgapTe [3].

®opMynbl NpeAesibHbIX 3HAYEHN AaBNEHNSA NIACTUYECKOro paspyLUueHns 1 )opMy bl NPOEKTHOTO faBe-
HKSI OCHOBAaHbI Ha TPEX B3aMMOCBSA3aHHbIX MOMIOXEHMUSAX:

a) popmynie paBHOBECKS NNACTUYECKOTO paspyLleHnst TPyObl C M3BECTHbIMU MUHUMaSIbHON [ONYCTUMO
TO/ILLMHOW CTEHKN U HOMUHANbHBIM HAaPYXXHbIM ANaMETPOM:

b) yMEHbLLEHUN fONYCTUMO MUHUMAaSIbHOW TOMLLMHBI CTEHKU Ha ry6VHY HECOBEPLLEHCTB, HE BbISIB/IEHHbIX
CMCTEMOW KOHTPOSIS;

C) KPpUTEPUMN MUHMMASIbHOW BSI3KOCTW, NPU KOTOPOI NPOMCXOANT NiacTUYeckoe paspyLleHue.

31U chopmy bl TPUMEHUMBI 4151 TPY6, HAXOAALMUXCS NOA AENCTBUEM [JaB/IEHUS U OCEBOW Harpysku, Ho He
NPUMEHMMbI 471 ONpefenieHns CTOWKOCTM TPY6 Npu yCTanoCTHbIX Harpyskax. BeluntaHne us TONWWHbI CTEHKN
TPYObI rNy6VHbI HECOBEPLLEHCTB M y4eT BA3KOCTY MeTasna Tpyb OCHOBaHbl Ha MexaHuke pa3pyLleHns, Kotopas
CBA3bIBAET M3MEPEHHYH0 BA3KOCTb pa3pyLueHns J1c 06pasLioB TPy6 C pacyeTHOW MHTEHCUBHOCTbLIO HANPSXEHNI B
BepLUMHE TPELLUHbI (J-MHTErpasibl) Kak OyHKLMI0 OT FTyG1HbI HECOBEPLLEHCTB. MoapobHee — cM. NpunoxeHue B.
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7.2 fonyweHna n orpaHnyeHuns

3T chopmynbl NPUMEHNMbI TOSILKO B TOM C/lyyae, Koraa metann Tpybbl B 4aHHO cpefe o6nagaeT goctaroy-
HO BbICOKOW BSI3KOCTb0, COOTBETCTBYIOLLE MUHUMaNIbHOMY KPUTEPUIO, B COOTBETCTBIMM C KOTOPbIM Aedhopmauus
Tpy6bl B JlaHHOI cpefe BNA0Tb 40 pa3pyLleHns UMeeT NaacTUyeckuii, a He Xpynkuii xapakTep Aaxe npu Haamuum
He3HaunTe IbHbIX HECOBEPLLEHCTB.

HanpsxeHus n3rmba, Bo3HMKaLWye, HanpuMep, Npyu U30rHYTOCTU UV KPUBU3HE CKBAXWHbI, He BXOAAT B
pacueTHyto hopMyy fasneHns N1acTMYeckoro paspyLueHns. NMoatomy hopmysia NPOeKTHOro AaBfeHns NaacTu-
4eCcKoro paspyLueHns He NpUMeHUMa A5 TpyObl B U30THYTOW NN KPUBONIMHEHON CKBaXKMHE.

7.3 Tpe60oBaHMA K UCXOA4HBIM AaHHbIM

7.3.1 O6uWMe NonoxeHus

[insa BbINONHEHUA pacyeTa fAaB/eHNsa NNacTUYecKoro paspyLleHns Tena Tpybbl Heo6xoAMMbI CriefytoLime
UCXOAHble faHHble:

aH— rnybuHa HecoBepLUEHCTBA, CONOCTaBNMas C KOHKPETHLIM YPOBHEM MPUEMKM, T. €. HanbobLas rny-
6VHa HecoBepLUEHCTBa TUMa TPELUVHbI, KOTOpas MOXeT 6biTb MPUHATA CUCTEMON KOHTPOJIA Kak JonycTumoe
HECOBEPLLEHCTBO, MM. Tak. Npu KOHTposie Tpyb TO/LUMHOW CTeHkn 12,7 MM € YpoBHEM npuemkn 5 % aH paBHa
0.635 mwm;

D — HOMWHaNbHbIV HAPYXHbIA AnaMeTp TpyObl, MM;

ObTN — 3afaHHbI MUHUManbHbIA Npegen NPOYHOCTY NpU pacTsxeHun, Mra;

Ka— KO3(h(hULMEHT NPOYHOCTY NPU paspyLLEHNN, NOMTYYEHHBIV N0 pe3ynbTataM UCNbITaHuli 1 paBHbIi 1.0 —
ansa Tpy6 n3 ctanu L80 Tun 13Cr nocne 3akasku u oTrnycka (C MapTeHCUTHOl CTPYKTypoit) u 2.0— ans Tpy6 nocne
NPOKaTKV 1 HOpPMasIM3aLuu; Npu OTCYTCTBUK Pe3y/ibTaToB UCMbITaHU NPUHUMaeTcs paBHbIM 2.0. 3HaueHmne Koad-
dhvumeHTa a5l KOHKPETHOrO MeTasa TPY6bl MOXET ObITb YCTAHOBEHO NPV NPOBEAEHNN UCTIBITAHNS;

— KO3 hMLMEHT, yunThbiBaOWMIA yCTAHOBNEHHOE NpeAebHOe OTKIOHEHWE TOMNLWMHbI CTEHKM TPYOb,
paBHblIii 0.875 Ana npeAenbHOro OTKOHEHNSA MUHYC 12,5 %:

Kp— KO3(hpMLMEHT YNPOUHEHWS 4151 KPUBOI MCTUHHOTO HaMpshxeHnsa-gedopmaLu, nony4yeHHon npu nenbl-
TaHUM Ha 0AHOOCHOE pacTsxeHue (cM. B.2.3.3. npunoxeHue B);

t— HOMUHasIbHas TO/ILMHA CTEHKN TPYObI, MM.

7.3.2 OnpegeneHve koahduumeHTa ynpoyHeHus

Mpwv oTcyTCTBUM MHDOPMAaLMM O HaNPsXXeHUAX U gedhopMannsax KOadMULMEHT  BblIGMpatoT U3 TabnuLbl 2.

Tabnunuya?2 — PekomeHayeMble 3HaYeHUA koapuumneHTa ynpouHeHus ans dop-
My/ibl NPOEKTHOro AaB/I€HUSI MNACTUYECKOro paspylleHns

pynna npoyHocTU *H

H40 0.14

J55 0.12

K55 0.12

M65 0,12

K72 011

N80 0,10

L80 wn 1 0.10
L80 tun 9Cr. L80 tvn 13Cr 0,10
C90 0.10

R95 0.09

T95 0.09
P110 0.08
0125 0.07
Q135 0,06
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Ecnu rpynna npoYyHoCTU MaTepvana Hen3BecTHa, HO MaTepuan He NoABepraeTcsa 3HaUNTEIbHOMY YNpoYHe-
HUIO. TO KOIPPULMEHT  MOXET BbITb ONpeAeneH No creaytolein opmyne

Ic, = 0.1693 - Kk ray, (13)

rae Kb — KoathhuLMeHT ynpoyHeHns AN KpMBOI UCTUHHOTO HanpshKeHusi-gedopmMamm.
NosTy4EeHHO NpU UCMbITAHUN HA 0AHOOCHOE pacTsxeHue (cM. B.2.3.3. npunoxeHue B);
— Koa(huLMeHT nepecyeTa HanpskKeHuii, pasHblii 1.18 «10-4 MIMa';
a, — npejen TeKyyecTu npefcrasnTenibHOro obpasua npu pactsxenun. MMa.

dopmyna NPoeKTHOro AaB/IeHNSA NNACTUYECKOro paspyLleHns Tpy6 cpaBHUTENBHO Masio 3aBUCUT OT KO-
duymenta V. OgHako Npy UCNob30BaHNM MaTepuana co 3HaunTe lbHbIM YNPOUYHEHNEM, Takoro Kak AByXdasHbie
cTanu, Heo6XxoAMMO onpeAennuTb KX ToUHee, YTOObl N36eXaTh 3aBbILLEHHOr0 NPOrHo3a CTONKOCTY K N1acTUYecKo-
My paspylueHunio. 115 Takux matepuasios 3HadeHus kK moryTt gocturats 0.30.

7.3.3 OnpegeneHune koadduumeHTa NPOYHOCTU NPU paspyLleHnmn Ka

7.3.3.1 O6LWMe NONoXeHNsS

OTOT KO3 PULIMEHT XapakTepusyeT B/IMSAHVE BA3KOCTU MeTasl/1a Ha NiacTuyeckoe paspyLUeHne npu Hasmmymm
TPeLMHbI Fy6uHON am. HeT Heo6XxoAMMOCTY onpeAenaTh 3TOT KOAPMULMEHT AN KAXKAO0r0 3akasa, 40CTaTOuHO
onpeAenuTb ero 415 onpefeneHHoro TEXHOMorM4yeckoro BapaHTa Tpy6, N3roTossieMbIX No onpegenieHHoMy nna-
Hy KOHTpONA npouecca. [lns maTepuana ¢ BbICOKO BA3KOCTbIO KOAhdumLneHT paBeH 1.0 Ui MeHee 1 BAMsSHUE
TPEeLLUHbI Ha fiaB/ieHne N1acTUYeckoro paspyLlleHms 6yaeT He 60MbLue, YeM r1ybrHa camoi TpeLymHbl. OgHako
AN MaTepuana c NOHMKEHHON BA3KOCTbI0 KO3 hMLMEHT Ka MOXET ObITb paBeH 2,0 1 BNNSHNE TPELLMHbI CTaHO-
BUTCA TaknM, kak 6yATo TpelwuHa uMeeT r1youHy, BABOE NpeBbiliaoLLyto hakTM4eckyto.

Ecnu 3HaueHve kagna marepuana He onpefensanocb, ero MOXHO NPUHATL paBHbIM 2.0. YCTaHOB/IEHO, YTO
kapaBHO 1.0 4nsA Tpy6 C MapTEHCUTHON CTPYKTYpPOIA, NOABEPTHYThIX 3aKaske 1 0TNycKy, 1 Ansa ctaneii Tuna 13Cr.
3HaueHune koahhrLmeHTa MOXeET OblTb YCTAHOBIEHO A1 KOHKPETHOro MaTepuana npu ncnbitaHun. [ins pacyeta
KIMOXeT 6bITb MCNOb30BaH OAVH M3 ABYX METOA0B, NPUBEAEHHbIX Aanee.

7.3.3.2 AHanuTuyeckuii MeTos onpeaeneHus Kka

PekomeHgyeTca cnefytolas npoueaypa:

a) Co3gatoT MoAe b KOHeYHbIX anemMmeHToB (MK3) Tpy6bl A5 TPEX pasHbIX 3HAYEHWIA ryOuHbI TPELLUHDI:
0 %. 5% 1 12.5 % HOMWUHA/IbHOW TONLLMHBI CTEHKW. TPeLMHy MOAEUPYIOT KakK NPOAO/bHY0 TPELLMHY GECKOHEY-
HOW ANIVHbI HA BHYTPEHHe NoBepPXHOCTW TPyObl. B Mogenu paccmaTpuBaloT HOMUHAbHYHO TOMLLVHY CTEHKW TPY-
6bl (6e3yyeTa aKCLEeHTpUCHTETA) M TUTNIMYHYIO KPUBYIO HanpshkeHve-gedopmaums 41s paccmatprsaemori rpynmbl
NPOYHOCTMW.

b) Mogens MK3 ncnonb3ytoT A8 uMmutauuy NpuioxeHns BHyTPEHHEro aB/ieHNs C Lenbio pacyeta J-uHTe-
rpana B hyHKLUN OT BHYTPEHHETO AasneHus (ctaHaapT [3]. npumepsl B B.7.2. npunoxexue B).

C) SKCNepUMEHTabHLIM NYTEM HaXOASAT KpUTUYECKOE 3HAYeHMe CTOMKOCTU MeTanna K paspyLueHnto J,cB
BO3[yLLIHOM cpeAe ANA rpynnbl npoyHocTy Tpy6. JIc npeacTaBnseT coboii napameTp, onpegensemMblii no metoay
ncnbITaHWs, NpuBeAeHHOMY B cTaHdapTe [4].

d) Kaxxgyro KpuByto KOHEYHOIO 3/1eMeHTa J-MHTerpasna 3akaHunBatoT Npu KPUTUYECKOM 3HaYeHUn J,c. U3me-
PEHHOM 3KCNepUMeHTasIbHO. BHyTpeHHee faBneHne, COOTBETCTBYIOLLEE 3TON KOHEYHOI TOUKe, B KOTOPOW J-WH-
Terpan paseH J1c npeacTtaBnseT coboi AaBneHne paspyLeHns Npy HaIMYnn TPELLVHbI B MeTasse ¢ BA3KOCTbIO,
xapakTepm3yemoii J1c

e) laBneHune paspyLleHus gna meTanna ¢ TPeLMHO, rnybrHa koTopoli coctasnseT 5 %. AensaT Ha gasne-
HVe paspyLlleHns Ansa metanna 6e3 TpeLyHbl, Cnonb3ys AN 3TOro pesynbTaTbl Mogennposannsa MK3 n nsmepe-
HuA J1c 3aTem nonyvyeHHoe COOTHOLLEHUE npupaBHMBaloT K (1 - kaall), rae a/f— oTHoweHue rny6uHbI TPELMHbI
K 3afjaHHON TONLWWHE CTEeHKW TPY6bl, HaNnpuMep, B AaHHOM cny4vaB 5 %. 13 aToi hopmy bl HAXOAAT 3HaYEHNe
KoadhhuLmeHTa NPOYHOCTY NPY paspyLLEHUN Ka

0 PacyeT NOBTOPSAIOT C pe3ynbTaTtaMu, NoayYeHHbIMy No MK3 ans TpewyHbl ray6uHoin 12.5 %.

) HaxopAat cpefHee 3HaYeHuii ka 4N 3Ha4eHniA, NoNyYeHHbIX No nepeuncnenusm e) u f). n ncnonesyoT
ero B )opmye NpoeKTHOro AaBNEHUS pa3pyLUeHns.

7.3.3.3 SKcnepuMeHTasbHbIV MeTo onpeaeneHns Ka

BmecTo namepeHus JIcn pacyeta METOL0OM KOHEUHbIX 3/IEMEHTOB MOXHO ONpeAennTb Ka, Mposeasa ucrbita-
HVA Ha pa3pyLleHve Tpyobl 6e3 HecoBepLUEeHCTBa TUNa TPeLLMHbl, TPY6bl C HECOBEPLLUEHCTBOM Fy6uHON 5 % 1
rny6uHoit 12,5 %. 3ateM Heo6X0AMMO YCTaHOBUTb COOTHOLLEHWE AaB/IeHNi paspyLUeHust, Kak onucaHo B 7.3.3.2.
nepeyncrnieHve e), 1 paccunTtatb ka. TPyAHOCTb MpW TakoMm Nogxofe 3ak/ioyaeTcs B TOM. YTO pesynbTtar byaeT
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HEKOPPEKTHbLIM NpY HELOCTAaTOUHOW OCTpOoli hopme HecoBepLUeHcTBa. Haapes, BbINOHEHHbI MEXAHUYECKAM UK
3/1eKTPO3PO3MOHHBLIM CNOCOBOM, He MPUroAeH AN 3TOl Uenn. HecoBepLUEHCTBO TuNna TpeLuHbl Heo6xoANMOo
€03A4aTb B NPOLECcce U3roTOBEHUS TPYObI AN NMYTEM CO3[aHMSA YCTaNIOCTHOW TpeLuHbl. B uenom MKD B coueTa-
HWUW C U3MEepPeHnemM sABNseTcs 605ee Nerko ocyLecTBUMbIM METOAOM.

7.3.3.4 YyBCTBUTENBHOCTb K/

KoahhuLmeHT kmano 3aBUCUT OT rpynnbl NPOYHOCTM TPY6ObLI 1 B OCHOBHOM 3aBUCUT OT TEXHOI0TMYECKOro
npovuecca, a npu NOCTOSIHCTBE NpoLecca MeHsieTcs c1abo. 3To CBA3aHO € TEM. YTO K/INpeACTaBAAET NMNLb NOTEH-
LnanbHOe yCUIeHne CTOMKOCTY TPYObl K HANIMUUIO TPELLVHbBI PU HArpyXXeHny 40 paspyLueHuns. o aToi npuyunHe
peKoMeHAyeTCs ONpeAenaTb KNTOMNbKO A1 KOHKPETHOM rpynnbl NPOYHOCTH, & He A1 KOHKPETHbIX Pa3MepoB Tpyo
NN 3aKa30B.

7.4  ®opMyNbl NPOEKTHOTO faBfeHUs NNacTMYeCcKoro paspylleHns Tena Tpy6bl C TOPLOBbLIM
YNIOTHEHUEM

MWHVMMaNbHOE BHYTPEHHEE faB/IeHME MPU NIacTUUYeCKOM Pa3pyLLEHNN TPY6bl C TOPLEBLIM YNIOTHEHUEM
Pk . MMa. BbluMCASAOT MO cneaytowein popmyne

2Ka, O~tn (Jlndy/ - )faeN)

R= 0-(*« .'-*epBu> o v
IAB K — NONpaBOUHbIi KO3hULMEHT, yunThiBaoLMii Aedopmaumio Tpy6bl 1 AetopMaLMOoHHOe YyNpoYHeHne

meTanna, pasHbiin (0,5)kft 1+ (1/V3)*ft*1;
KN — KO3(PhULMEHT YNPOUHEHNS A1 KPUBOW UCTUHHOTO HanpshKeHus-aedopmanm, nosyYeHHOR npm ucnbl-
TaHMM Ha 04HOOCHOE pacTshxeHue (cMm. B.2.3.3 npunoxeHue B);
oum — 3a/aHHblil MUHUMasTbHbIA Npeaen NPOYHOCTN NpY pacTsaxeHun. MMa;
kwalt — KoathhuumMeHT, yunTbiBaOLW Ml yCTaHOBIEHHOE NpeAesibHoe OTK/IOHEHWUE TOJILLVHbI CTEHKU TPY6bl, paBs-
Hblli 0.875 AnsA NpefenbHOro OTKNOHEHUS MUHYC 12.5 %;
t — HOMWHaNbHas TOJILLMHA CTEHKW TPYObI, MM;
KN — KoahMLMEHT NPOYHOCTY NPU paspyLLEHNN, NOYYEHHbIV MO pe3ynbTaram UcnbITaHuii n pasHbli 1.0 —
ansa Tpy6 u3 ctanm L80 tmun 13Cr nocne 3akasiku M oTnycka (C MapTEHCUTHOW CTPYKTYpoii) n 2.0 — ans
TPy6 nocne NpokaTki 1 HopManM3auyu, NPUOTCYTCTBUM Pe3y/bTaToB UCTbITaHUI NPUHUMaETCA paBHbIM 2.0.
3HaueHvie koadhduLmMeHTa /18 KOHKPETHOTO MeTasina TPyObl MOXET ObITb yCTAHOB/IEHO NPY NPOBEAEHNN
UCTIbITaHUS;
an — rnybuHa HecoBepLUEHCTBA, CONOCTaBNMas C KOHKPETHLIM YPOBHEM NPUEMKY, T. €. Hanbonbluas rnyou-
Ha HecoBepLUeHCTBa TuNa TPELLMHBI, KOTopas MOXeT ObiTb NMPUHSATA CUCTEMOI KOHTPO/IA Kak OMyCTH-
MO€e HECOBEPLUEHCTBO, MM. Tak. Mpu KOHTposie Tpy6 TOMWMHON CTEHKM 12.7 MM C YpPOBHEM NPUEMKHN
5% abl paBHa 0,635 MMm;
D — HOMWH&JIbHbI HAPYXHbIA guameTp Tpy6bl, MM.

Mo BbIGPAHHOMY 3HAYEHWIO KiA, PACCUUTLIBAOT CpeAHee 3HaUeHne BHYTPEHHETO jaB/ieHns Npu niacTuyec-
KOM paspyLueHunn Tpy6bl ¢ TopLeBbIM yrnoTHeHMeM PIR nporHo3upyemoro B COOTBETCTBUM C YCIOBUAMU TeKyye-
cTu no Tpecky u no hoH Musecy.

KoadhdpmumeHT kam  yunTbiBaeT MUHUMasIbHOE OTK/TOHEHME TOMLMHBLI CTEHKM TPYObl 6e3 yueTa HecoBep-
LUEHCTB. 3TO 3HaYeHne MOXeT 6bITb OTKOPPEKTUPOBAHO, ecv Apyras MUHUMaIbHasA TOMLWMHA CTEHKM obecneun-
BaeTCs TEXHOM0MMYECKMM NPOLECCOM MW TpeboBaHNAMN NMOCTaBKM.

HecoBepLueHcTBa TUNa TPELLUYH YUnUTbIBAKOTCSA KOadduLmeHToM a*. Npounssegerune /r* Ha an npeactasnset
€060/ ON0NHUTENIbHOE YMEHbLUEHNE MUHUMAa/IbHOW TOMLLMHBI CTEHKU, CBA3AHHOE C HAIMUYMEM HECOBEPLLEHCTB
TUNa TPELLMH, He BbISIB/IEHHbIX CCTEMOW KOHTPO/IA, U PACNOOXeHNe KOTOPbIX COBNagaeT C MUHUMasbHON To-
LLMHOW CTeHKW. Takoe HaMoXeHne MUHUMasbHOM TOMLWMHbI CTEHKW Y HECOBEPLLEHCTB TUMA TPELUH 3aBUCUT OT
4acToTbl NOABMEHNA MUHUMASIBHOW CTEHKM 1 4acTOTbl MOSIB/IEHUSI HECOBEPLLEHCTB OCTPOI (DOPMbI U FTyOUHOIA,
COMOCTaBMMOM C YPOBHEM NPUEMKM.

Mpu feTePMUHUCTNYECKOM NOAX0AE HEOBXOAMMO NPOBOANTL pacyeT JaB/ieHNs N1acTMYeckoro paspylue-
HWS C 3anacoMm, Npu 3TOM NPMHMMAIOT YacTOTy NOSAB/EHNSA HeCOBepLUEHCTB paBHoi 100 % v rny6uHy HecoBep-
LLIEHCTB CYATAIOT PaBHOV YPOBHIO NPUEMKN.

Mpn BEPOSTHOCTHOM NOAXO/E B pacyeTe AaBeHNs paspyLUeHUs No NpUIoXeHuio B rny6ruHy HecoBeplLueH-
CTBa TakKe NPUHUMALOT PaBHOI YPOBHIO NPUEMKHM, HO YUMTbIBAOT hakTUYeCKyo YaCcTOTy NOSABIEHUS MUHUMaSb-
HOW CTEHKUN 1 HECOBEPLLEHCTB OCTPOI hOpPMbI 1 F1yOMHOI, CONOCTaBUMOl C yPOBHEM MPUEMKM.
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7.5 Y4yeT BNNAHUA OCEBOTO PacTAXEHUA N HAPYXXHOro faBneHus

7.5.1 O6ume NonoxeHus

dopmyna (12) BeiBefeHa 418 Tpy6 C TOPLEBLIM YN/IOTHEHWEM, OCEBOE PACTSKEHWE KOTOPbIX Bbi3biBaeT
TOJ/IbKO BHYTPEHHEE flaBNeHNe, fleiicTBYOLLLee Ha BHYTPEHHIOK NOBEPXHOCTb TPY6 C YyNIOTHEHEM. 3TO 0CObbI
cny4ai 6onee o6Luei cutyaumn, Nnpy KOTOPOW B TPy6e MOXET BO3HUKHYTb paspyLuaioLiee MakCMMasibHOe BHYT-
peHHee fJaB/ieHne Npu 04HOBPEMEHHOM [eCTBUK CyHaliHOro Hapy>XHOT0 AaB/IeHUs U C/ly4YainHoro oceBoro pa-
CTSHKEHUS MM CXKaTUA. DTV KOMOVMHMPOBAaHHbIE HArpy3Ky onpeaenstoT, korga Tpy6a nepeieTt B COCTOAHUE TEKY-
4YecTy 1 Kakve nnactuyeckve gedopmaLn BO3HUKHYT B Heli K MOMEHTY paspyLueHns. MoxeT 6bITb HaligeH dyH-
JameHTaslbHbIVi KpUTEpWUiA paspyLUlaroLLei Harpysku, HO 3T0 yxKe 6onee cnoxHas 3ajada, peaemas npy noMoLLm
hopmyn choH Museca nnm Tpecka 415 NOBEPXHOCTU TEKYHECTU B 3aBUCUMOCTY OT OCEBbIX, PaAnasibHbIX U TaHreH-
LiManbHbIX HANPSHKEHWIA.

Kpome Toro, nnactnyeckoe paspyLleHvie nog geicTenem JasneHuns ABnseTca npeobnagarLm MexaHuns-
MOM paspyLueHusi Tpy6bl TONIbKO B TOM C/lyyae, Kora 0CeBoe pacTshXeHne HedHauuTenbHo. MNpu 3HaunTeIbHOM
0CEeBOM PaCTSXKEHUN U HE3HAUNTEIbHOM BHYTPEHHEM 136bITOYHOM [laB/IEHNN OCeBas Harpyska (npegLwecTsylo-
Las 06pa3oBaHuUIo LLEKN N OCEBOMY paspyLUeHWI0 TPybbl) 6yAeT MakcumasibHON ele A0 AOCTMKEHUSA MaKCcu-
MaJ/IbHOr O laB/1eHUS.

[Janee npuseaeHbl hopMy bl paspyLleHns Nof AeiNcTBUEM AaBNeHNs 1 06pa3oBaHuUs ek NpU KOMBUHK-
pOBaHHbIX Harpyskax BMecTe C KpUTepueMm, No3BOMSIOWMUM OnpeAennTb, YTo NpounsoigeT paHblue. Mpu aToM
MCMONb30BaHO NOHATNE «3WDEKTVBHOE OCEBOE PACTSXKEHNE», CBA3AHHOE C NOHATUEM «3(DPEeKTUBHOE OCEBOE
HanpsbkeHue», npusefeHHbIM B A.1.3.2.4 (npunoxexue A). 3Tn NpubanxeHHble opmynbl 415 3HEKTUBHOTO
0CEBOr0 PacTsXXeHWs MMeloT 60/iee BbICOKYI TOYHOCTb M0 CPABHEHUWIO C TEOPETUYECKMM peLleHvem no [5].
BcTaHpapTe [3]. nyHKT B.6.2 npunoxeHus B. npuBeeHO COOTBETCTBME pe3y/ibTaToB pacyeTa npu KOMOUHMPO-
BaHHOM Harpyske aKCnepuMeHTabHbIM AaHHbIM.

Mpw oTpuLaTeNbHbIX 3HAYEHNAX IPPEKTUBHOTO OCEBOr0 PaACTXEHNS, T. €. NPY 3HEKTUBHOM OCEBOM CXa-
TUW. TPy6a MOXET ObITb BbITHYTOM, Kak M KOJTOHHA, YTO 3aBUCUT OT HaZLeXKHOCTV 6OKOBLIX ONOpP. ECNn BbITHYTOCTb
foctaTovHo ahheKTMBHO NpeA0TBpaLLaloT, To chopmyna ANA paspyLueHus nog feicTenem KOMGUHUPOBAHHOM
Harpy3ku MOXeT 6bITb NPUMEHNMa Takxke 1 Npy AP HEKTUBHOM 0CeBOM Cxatun. OfHaKo Npu 3HaYUTEIbHOM Oce-
BOM CXaTUW BO3MOXHA /IOKaibHas BbITHYTOCTb CTEHKU TPYObI, NPUBOAALLAA K ee paspyLlleHnto. B aTom cnyyae
dhopmyna paspyLueHns nog aeiicTBUeM KOMOMHNPOBAHHOI Harpy3ku HempyMeHUma.

7.5.2 dopmyna NPOEKTHOro AaBfieHNsI NIACTMYECKOro paspyLleHunsa nog geiicTBuemM KOMOUHMPO-
BAHHOI Harpysku

Mpy HaMUUKM HaPYXXHOTO JaB/IeHNA 1 OCEBOT0 PACTSXKEHMS UK CXaTKA, OT/IMYatoLLLErocs 0T Co3jaBaemMoro
BHYTPEHHVM [jaB/fieH/eM Ha TOpLeBOe YNI0THeHNe, 06Lwasn hopmyna Ana pacyeTta fasneHus nnacTmyeckoro pas-
pyLleHus nmeeT Bug,

p*a- po* ~n (1/2 (Pm+ PrefT). PJ, (15)
roe
(16)
npu atom Fa=nt (D- 0 oy 17)
_ ey PIMNP-N

Fan_Fa+PQ(t(D t) (*wall f ~ *aAsj)(D - Kallt+ K~n) 4 (18)
Futt = xt (D - /) oun); (19)

p 2oum(fcj|| t - k/laN)
D - kaa,<) - (20)
(21)
(22
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gal T (23)

@R = de (24)

roe Pw — Pn ¢ nonpaBKoi Ha OCeBYI HarpysKy 1 HapyxHoe gasneHune. MlMa;
P, — BHyTpeHHee faBfieHune npu naacTMyeckom paspyLleHnm Tpyobl ¢ TOpLEeBbIM ynaoTHeHeM. MIMa;
PO— HapyxHoe gasnieHne. MMa;
Pa— oceBoe ycunue. H;
f— HOMWHanNbHasA TONWMHA CTEHKN TPYObI, MM;
D — HOMUWHanbHbI HApYXHbI AnameTp TpyObl, MM;
0Oa— COCTaBMALWAasA 0CEBOr0 HaNpPsXXeHNs, He Bbi3BaHHas usrn6om. MMa;
Pd1— acbdhekTiBHOE OCEBOE ycunue. H. T. e. ANna coBepLUEHHbIX TPY6 — ycunue, co3gatollee oceBoe Ha-
npshXeHne. AONOTHUTE TbHOE K HANPSXXEHNIO, CO34aBaEMOMY BHYTPEHHUM U HAPYXHbIM AaBNEHNAMMN
B Tpy6ax Cc TOpLEBbLIM YN/IOTHEHUEM;
foneu —  KOa(YhMLMEHT, YUMTbIBAIOLLMIA YCTAHOB/IEHHOE Npefe/lbHOE OTKIOHEHNE TONLLMHBI CTEHKM TPYObI, pas-
HbIi 0.875 Ans NpeAenbHOro OTKIOHEHUS MUHYC 12.5 %;
KN — KO3 hMLMEHT MPOYHOCTM NpY paspyLLEHNI, NOYYEHHbIV N0 pe3ynbTaTtam UCMbITaHWiA 1 paBHbIi 1.0 —
Ansa Tpy6 n3 ctanm L80 tmn 13Cr nocne 3akasikv 1 oTnycka (C MapTeHCUTHOM CTPYKTypoii) n 2.0 — ans
Tpy6 nocne npokaTkv 1 HopManu3auuu; NPy OTCYTCTBUM Pe3y/bTATOB UCMbITaHW NpUHUMaeTCs pas-
HbIM 2.0. 3HaveHune koadhuLmeHTa A9 KOHKPETHOro MeTasnna Tpy6 MOXeT GblTb YCTaHOB/IEHO Npu
NpoBefEeHNN UCTIbITAHUS;
aN— rny6vHa HecoBepLUEHCTBA, CONOCTaBMMas C KOHKPETHbIM YPOBHEM MPUEMKM, T. €. HanbonbLias ray-
6VHa HecoBepLUeHCTBa T!Na TPELLMHbI. KOTOPas MOXET OblTb MPUHATA CUCTEMOV KOHTPOSA Kak A0-
nycTUMOE HEeCOBEpPLUEHCTBO, MM. Tak Npu KOHTpPoOsie TPy6 TOJLLMHOM CTEHKU 12,7 MM C YpOBHEM
npvemkn 5 % aun pasHa 0.635 mwm;
adm—3aAaHHbIi MUHYMasbHBIA Npegen NPOYHOCTU NpU pacTsxeHun. MMa;
Kb — KO3(hhMLMEHT YNPOUHEHWS 4151 KPMBOI UCTUHHOTO HaNpshXeHUs-aecopmMaLm, nosyyeHHol Npy nenbl-
TaHWM Ha O HOOCHOE pacTshkeHwe (Tabnvua 2).
Ha pucyHke 1 npvBegeHo rpacuyeckoe nsobpaxeHve opmynbl (15) COBMECTHO ¢ hakTMUecKoit KpmBoli
paspyLueHus.

1 — pa3spyLueHne (dhaktueckoe); 2 — paspyleHve (dopmyna (15)). 3 - nepexogHas npsHas
4 — obpasosaHue LWwelikn [chopmyna (26)); 5 - NokanbHast BbIHYTOCTb
MpumeuvaHusn
1Mo ocn X — FanlFM npu 3acheKTUBHOM OCEBOM PaCTSXEHUN.
2 MNoocu Y — (4, - POYP[@ npw nepenase AaBneHUNA.

PucyHok 1 — WnnawcTpaunst BAMsiHUS 3¢ PeKTUBHOMO OCEBOMO PACTSHXKEHWUS U HAPYXXHOrO AaBneHnst
Ha njacTuyeckoe paspylueHue Tpy6bl
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[ns Tpy6 ¢ TopLEBbIM YNIOTHEHNEM 3DEKTUBHOE OCEBOE YCUIME PaBHO HY/HO U dhopmyna (15) cBoauTcs K
chopmyne (14).

dopmyna paspylLeHus cnpasejnBsa, T. e. pa3pyLleHue nof eiicTBneM faBneHns npousoiigeT fo obpaso-
BaHWA LWeiiku, ecnu

(25)
7.5.3 dopmyna NpoekTHOro ycunmsa obpasoBaHus LWelkn nog feincTtBueM KOMOUHMPOBAHHONA
Harpysku
Mpy HaNVUUK BHYTPEHHETO 1 HAPYXXHOTO AaBeHW 06 asa hopmMyna ycunvus obpasoBaHuns Welikv umeeT
BUA,
Fat » Ry, (26)
roe
(P-Q- ik"t-fcaH)(P - k"t + 40° fcaaN)f: (27)
Fa=sa/(D- f)og (28)
Fu» = xt (D - t)aum (29)
» 2aum(A.ast - knaN)
* D-(k,Mt-k aaH) ’ (3°)
(31)
KN =4"-% . 3'%*h, (32)
npu aTom Fa, — addekTuBHOE OCEBOE ycuame. H. T. e. 415 COBEPLUEHHbIX TPy6 — ycunuve, cos3gatolee oce-

BO€ HanpsaxeHue, A0NO/IHNTE/IbHOE K Hanps>XXeHWt, co3gaBaeMOMy BHYTPEHHUM U HapyXx-
HbIM faB/N1eHUAMU B pr6ax C TOpUEBBLIM YNJIOTHEHNEM;

P| — BHyTpeHHee faBneHune. MMa;

PO — HapyxHoe gasneHune. Mla;

Fa — ocesoe ycunus. H;

t — HOMUWHa/IbHas TO/LWMHA CTEHKN TPYOBbI, MM;

D — HOMWHanNbHbIV HAPYXHbI AnameTp TpyObl, MM;

0oa — COCTaB/AOLAs 0CEBOro HaNpPsXXeHus, He Bbi3BaHHasA n3rméom. Mra;

KSUM — KO3(POULMEHT, yUNTbIBaOLLMIA YCTAHOB/IEHHOE NPeAe/IbHOe OTKTIOHEHWE TOMLLMHbLI CTEHKU TPY-
6bl. paBHbIil 0.875 ANns NpeAebHOro OTKIOHEHUS MUHYC 12.5 %;
KN — KoadhdULMEHT NPOYHOCTY NPU pa3pyLUEeHnUn, NOyYEHHbIN No pe3ybTataM UCMbITaHui 1 pas-
Hblii 1.0 — gnst Tpy6 u3 ctanm L80 Tun 13Cr nocne 3akasiku M oTnycka (C MapTEHCUTHOW CTPYK-
Typoii) n 2.0 —pana Tpy6 nocne npokatkM v HopManv3sauuu, Npu oTCYTCTBUM pe3y/bTaToB
ucnbITaHuii NpuHUMaeTca pasHbIM 2,0. 3HadeHne koadduLyeHTa 418 KOHKPETHOro MeTasina
TPY6 MOXET 6bITb yCTaHOB/IEHO MPY NPOBEAEHNN UCTIbITAHNS;
aH — r/lybuHa HecoBepLUIEHCTBa, CONOCTaBMMas C KOHKPETHLIM YPOBHEM MNPUEMKU, T.e. Hanboslb-
Las rnybuHa HecoBepLUEHCTBA TUMa TPELLMHbI, KOTOpasi MOXeT ObITb NPUHATA CUCTEMON KOHT-
pons Kak AONyCTUMOE HEeCOBEPLUEHCTBO, MM. Tak Mpu KOHTPone Tpy6 TONLWMHOW CTEeHKU
12,7 MM Cc ypoBHeM npuemkn 5 % an pasHa 0,635 mwm;
<QUTL — 3a4aHHbIA MUHUMaSBHBIN NpeAen MPOYHOCTM Npu pacTsxeHun. MMa.
Kb — KO3(hhULMEHT yNPOYHEHNS AN KPUBOI UCTUHHOTO HaNPshXeHWs-aedopmaLim, Nony4eHHon npn
McnbITaHUM Ha OHOOCHOE pacTshkeHue (Tabnmua 2).
Mpwn HyneBom fasneHnn achhekTBHOE OCEBOE YCU/E PaBHO MCTUHHOMY OCEBOMY yCunuto 1 hopmyna (26)
ANA MakcMasibHOro 0CeBOro YyCUnsi CBOAUTCA K npeaesny NPoYHOCTU.
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dopmyna ycunvsi o6pa3oBaHus LWeliky cnpaBeAnvBa, T. . 06pa3oBaHue Weilikv nog AeiicTBueM AaBneHus
MPOUCXOANT A0 Pa3pyLLEHUs, €CN

BOTM 5 (33)

7.5.4 TpaHunua mMexay paspylleHVeM noj AelicTBUEM [aBfieHUs 1 o6pa3oBaHnEM LUEWKN

CpaBHuBas coopmysibl (15) 1 (26). MOXHO OTMETUTb, YTO 06pa3oBaHNe LEiKN NPOUCXOANT A0 paspyLleHmns
nof AeiicTBUeM faBneHust, ecnu

*'i::; 23 %UI'D?' 34

OTOT KpUTEPUiA, NOKa3aHHbI Ha pucyHke 1 (no3unums 3), onpeaensieT rpaHuLy Mexay obpasoBaHueM Lieli-
K/ 1 paspyLleHnem Tpy6Gbl Nog AelicTBUEM AABNEHNS.

7.5.5 AcvmmeTpuyHas nokasnbHas BbITHYTOCTb NOj AeACTBMEM KOMOMHUPOBAHHbIX HAarpy3okK

Kak noka3aHo Ha pucyHke 1. B UHTepBasie 0CEBOr0 CXaTus, T. €. NPU OTpULATENbHbIX 3HAYEHUAX 3P PEKTUB-
HOro oceBoro ycunus, opmyna (15) gaeTt 3aBbllleHHOe 3HaYeHne No CPaBHEHUIO C PakTUYeCcKum faBeHnem
NacTUyYeCKoro paspyLLeHns 1 npegesnbHbIM faB/IeEHNEM, NPY KOTOPOM MPOUCXOAUT JTIOKa/IbHAsA BbITHYTOCTb CTEH-
K Tpy6bl. C Lenblo CONMKEHNA KPUBbIX, MOCTPOEHHbLIX NO (hakTnyeckomMy AaBneHuo paspyLleHus u no opmy-
ne (15). moxeT 6bITb paspaboTaHa popmyna Tuna (16) ¢ nHbIM KoadpmuneHToM KH [dhopmyna (24)], ogHako
BbIBOJ, TAKO OTAENbHON hOpPMY bl HE MMEET 60/bLLIOTO NPaKTUYECKOro 3HaYeHus.

7.6 TMpumepsbl pacyeta

7.6.1 TNnacTuyeckoe paspyweHue Tpyo6bl C TOPUEBbLIM YNJIOTHEHNEM

[Ansa Tpybbl, HaxoAAWehca nog AeicTBUEM BHYTPEHHEro faBfeHns, a(eKTMBHOE OCEBOE yCUIne pasHO
Hynto 1 chopmyrnbl (13) 1 (14) ABNSIOTCA TOXAECTBEHHBIMU. KpOMe Toro, npy NPOBeAEHNN UCTbITaHWs Ha paspyLue-
Hve Tpy6 C TopLEeBbLIM YNIOTHEHMEM NPKW AONONHUTENLHOV OCEBOI Harpy3ke, AelicTByoLLeli Ha KOHLbI TPY6, ad-
dhekTMBHOE OCeBOE ycunme iBAeTca 3agaHHbiM 1 chopmyna (15) MoXeT 6bITb MCMO/Ib30BaHa HENOCPEeACTBEHHO
ONs pacyeTa faBneHnsi N1acTMYEeCKoro paspyLLleHnst Npu 1t060M 3HavYeHnn 3hheKTBHOTO 0CEBOr0 YCUus.

Heobxoaumo paccuntaTb faBneHune naacTUHeckoro paspyLleHns Tpy6bl HapyXXHbIM gnamMeTpom 177.8 Mm.
TONLWMHOW cTeHkn 11.51 mMm. rpynnbl npoyHocT P110. Tpy6a umeeT TopLeBoe YN0THEHNE, JOMNOMHUTENbHAas
oceBas Harpyska oTcyTcTByeT. icnonb3yem KoadhduuneHT aedopmaLMoOHHOr0 yNpoYHeHs no Tabauue 2 1 npu-
MeM YPOBEHb NMPUEMKM paBHbIM 5 %.

B Tabnvue 3 npuBefeHbl pesynbTaTbl pacyeTa.

Tab6nunya3 — MNpuvep pacyeTa faBeHVs NIacTUYECKOro paspyLUeHust Tpyobl C TopLe-
BbIM YM/IOTHEHNEM

Mapaverp 3HaueHne
Harpyska

FoU
"eomeTpuyeckne napamerpbl

(0] 177.8 mm
f 11,51 mm
*VHL 0.875
CaoiicTBa MeTasna
E 206.9 Ma
o 862 Ma
PacueTHble 3HaYeHVst
0.08
0.575 mm
1
Ps 99.7 Mra
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7.6.2 TlnacTuyeckoe paspylleHvie Npu AeliCTBUM OCEBOI Harpysku

Ecnu n3sectHa oceBas Harpyska, feictsyiowas Ha TpyOy, pasHOCTb AaBfieHWint Pu Henb3a paccuu-
TaTb HENOCPEACTBEHHO No chopMyrie (15), NockobKy ahheKTUBHOE OCEBOE Ycunue aBnseTcs chyHkumein Pm. Pe-
LUEHNE MOXHO HaliTM MeToAOM UTepauuv v nepenvcas gopmyny (15) B Buae kBaApaTHOro ypaBHEHUSA C HEU3-
BECTHbIM PM.

Heobxoanmo paccunTaTb faB/eHne NaacTMyeckoro paspyLeHns Tpy6bl HapyXHbiM grnametpom 177.80 MM,
TONLWMHOW cTeHkn 11.51 mbl. rpynnbl npoyHocT P110. OceBas cxumatolias Harpyska coctaenset 889600 H.
Vcnone3yem koadhduLmeHT gedopmaLMoHHOro ynpouHeHus no Tabnumue 2 1 npuMeM ypoBeHb NpremKu, pasHbIM 5 %.

B tabnuue 4 npusefeHbl pesynbTarbl pacyeTa.

Ta6nuya 4 — Mpumep pacyeTa faBfeHWst NIACTUYECKOTO paspylueHnsi Tpy6bl nog
LEeNCTBUEM OCEBOM Harpysku

MapawveTp 3HaueHve
Harpy3ka

- 889600 H

FeomeTpuyeckue napametpsbi

D 177.8 mMm
t 11.51 mMm
Awall 0.875

CgoiicTBa MeTanna

E 206.9 IMa
«ann 862 Mra

PacyeTHble 3HauyeHus

0.08

aH 0.5758 mm

5180423 H

Puli 97.22 MMa
P>1T 91.98 MMa
Plot U 107.43 MMa

0.93901

PM 92.47 MMa
PlRa 92.22 MMa

8 CTOIKOCTb K CMATUIO

8.1 Bbibop meToga

CTOWKOCTb K CMATUIO ONpeAensaioT HeNnocpeACcTBEHHO No pe3ynbTaTtam UcnblTaHUi HacmaTue (6o-
nee noApo6HO — CM. NpUIoXeHve E) nn no ctaTucTuyeckuM AaHHbIM 0 kayecTse Tpy6 (no npegenyTeky-
4ecTun. HapyXHOMY AnaMeTpy MTOJIWMHE CTEHKN) N No pe3ybTataM BEPOSATHOCTHOIO aHann3a ¢ UCnosb-
30BaHvieM hopMy/1 NPOrHO3MPyeMOii NpeaesibHOVi NPOYHOCTU Ha cMATHE (bonee NoApPo6HO — cM. NpuoxeHue F).

MeToapacyeTa nopesynbTaTtam UCMbITAHWA HA CMATME TpebyeT AaHHbIX N0 KXo Tpy6e (Hapyx-
Hbll gnameTp, Macca 1 rpynna npoYyHocTH), npeacTaBuTeNbHON AN TeXHoNornyeckoro npouecca. Ecnu
Takne fjaHHble OTCYTCTBYIO T, HEO6XOAMMO NCMO/Ib30BaTb CTATUCTUYECKUIA MeTOA.

PacueT noka3saTtenei CTOMKOCTU KCMSATUIO CY4eTOM BO3MOXHbIX PUCKOB NpuBeseH B cTaHgapTe (3]
NYHKT F.5npunoxenusa F
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8.2 PacuyeTHble QOpPMY/bl CTONKOCTU K CMATUIO
8.2.1 ®dopmyna npepesnbHbIX 3HAYEHUI
[ns pacyeta npegenbHoro fgasnexnuns cmMatna PUl( MIMa. ncnonb3yoT ynpoLLeHHbI/ BapuaHT hopMy bl

(35)
(36)
M t O_ BMJA>
Pyull = kyura0yonr7 14 (37)
uii - 0.1270y m0.0032%ec - 0 M 0”4 hn. c orpaHnyeHnem KXu,> 0. (38)
npnatom P0J, — npegenbHoe AaBneHue ynpyroro cmatus, Mria;
P /ji, — npepenbHoe faBneHne nnacTuyeckoro cMatus. Mra;
K uii — noHmxarowumii KoahuLMeHT;
K us — nonpaBo4HbI KO3hPMUMEHT o5 NPeAeNbHbIX 3HAYEHWIA YNIPYroro CMATKSA, paBHblii 1.089;
E — mogaynb tOHra, pasHbiii 206,9 Ma;
% — KoadhhmumeHT MyaccoHa, paBHeIi 0,28;
Da0 — cpefHuii HapyXHbIi fuameTp TPyObl, MM;

tcaa — cpegHssa TONLWMHA CTEHKM TPYObI, MM;
KY &% — MonpaBoYHbIli KO3hOULMEHT A1 NPEAENbHBIX 3HAYEHWI NIACTUHECKOro CMSATUSA, paBHbIin 0.9911;

oy — npefen TekyyecTu npeAcTaBUTeNbHOro obpasua npu pactsxexHnn. MMa;
ov — OBa/IbHOCTb, pasHas 100 °'m P . %;
na
Dmax — MakcuMasbHbIl HapyXHbIi auameTp Tpy6bl, MM;
OKIN — MWUHUMaNbHbIV HAPYXHbI AnameTp Tpy6bl, MM.
BC — 3KCLEHTpUCUTET, paBHblili 100----- Vol , %.
tc mex — MakcumasibHas TOLWMHA CTEHKV TPY6bl, MM;
tcmn — MUHUManbHas TONLWWHA CTEHKN, MM;
R, — OCTaTo4YHOE HamnpshkeHve Npu oTpuLaTeIbHOM CKaTuUM Ha BHYTPEHHE MOBEPXHOCTU, 1 NOJI0-
XUTEIbHOM PaCTAXEHUW Ha BHYTPEHHEeW noBepxHocTU. MMa;
hn  — koadhhMuUMEHT, yunThIBaOLLMI hOpPMY KPMBO HanpshxeHe-aecopMaums.

MpumeyaHune — OnagaHHoK hOpMy bl UCNOMbL3YIOT hakTuyeckne 3HaveHus tcos, mex- Coa. Dmax, <V k aw.

3HaueHus ko3 uruneHTos hn kauS 1 Kywn 6bl1M NOYYEHbI SMAVPUYECKU MO pe3y/ibTaTaM UCMbITaHW Ha
cmATMe, CM. cTaHgapT [3]. npunoxeHue F.

PesynbTarbl UCMbITAHWI Ha CMATKE NOo [6] NO3BONAKT NPEeANoNoXUTb, 4To dhopmyna (35) HenpumeHnva ans
Tpy6 coueHb TOHKOW cTeHKoi poal0(Py/Pc)> 0-4 11 3HaUNTENIbHBIMU CXUMAIOLLMMUK OCTATOUYHbIMU HANPsHKEHUSI-
mn (Pe/oy<- 0,5).

82.2 ®opmMysibl NPOEKTHOI CTONKOCTUN K CMATUIO ((PYHKLMA pacnpefeneHns BepoATHOCTM MHOXECTBA)

8.2.2.1 TIpOEKTHOE flaBNiEHNE CMATUA NMOA AeNCTBUEM HAPYXXHOTO AaB/ieHNs

®opmynbl (35)— (38) NnpeaHasHaueHbl 415 pacyeTa npefesbHON CTOMKOCTU K CMATUIO, T. €. OHU NMPOrHO3UpYy-
10T MOMEHT haKTU4eCcKoro paspyLueHuns obcagHbix Tpy6. [1nS pacyeTos UCNO/b3YHOT 3aHKEHHbIE 3HaYeHWS AaB-
NEeHNNYNpyroro n nNacTu4yeckoro CMATUSA, COOTBETCTBYIOLLME MUHUMa/IbHOMY YPOBHIO 6€30MacHOCTH, OTpaxa-
toLemy TpebyeMblil ypoBeHb HagexHocT TRL. B aTOM ciydae MUHMMabHbI YpoBeHb 6e30MacHoCTH 6bla nony-
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YEH MyTEM YMHOXEHUS fABNEHNIA yNpyroro 1 NaacTMyeckoro CMSTUS Ha NOHMKatoLye koadhuumeHTs fodes n
K, COOTBETCTBEHHO, Kak NOKa3aHo aasnee.

(*Bc!B/1-~"yBO*"Yy) |(*0<30*H + *yde*"y) ~kaGtirekydoity~tdes|

(39)
21 K1
roe
b« 2¢ o
d-v2)f(f-ir’
Py=20y= gl (41)

npu aTom Pdes — npoekTHoe gaBneHune cmsatus. Mra;
K 0% — MOHMXaIOLLMIA KO3(PULMEHT A1 MPOEKTHOro YNpyroro CMATUS;

Pc — paBneHue ynpyroro cMatus. Mlla;
Ky a.¥ — MOoHMmKaoLWmii KO3 HULMEHT AN NPOEKTHOIO NIACTUYECXOTO CMATUS;
Py — paBneHue nnactnyeckoro cMatua. Mra;

ki do» — noHwmxaroLLmii KoachduumeHT, paBHbIli 0.22— ansa Tpy6, NoABEPrHYThbIX XOSI0AHOW POTaLMOHHO
npaske, 1 0.20 — ansa Tpy6, NOABEPrHYThIX ropsyeli poTaLMOHHON NpaBke;
£ — wmopynb HOHra, pasHbiin 206,9 Ma;
\Y — KkoapchuumeHT MyaccoHa, pasHbIii 0.28;
D — HOMUHaJIbHBIA HApPYXHBbIA AnaMeTp, MM;
t — HOMMWHa/IbHas TO/NLMHA CTEHKN, MM;
0y — 3aJjaHHbll MYHUMabHbIN NpeAen TeKy4yecTu npu pactsxeHun. Ma.
CnepyeT yuntbiBaTb, 4TO PCU PT paccunTbiBalOT N0 HOMUHAIbHBIM pasmepam v 3agaHHOMY MAUHUMasIbHO-
My npejeny TeKy4yecTu, a He No hakTUYeCKUM 3HaYeHNAM, Kak A5 Npefe/ibHOW CTOMKOCTU K CMATUIO.
8 2.2.2 MNpoeKTHOE faBneHne CMATUA Nog feiicTBMEM KOMOBUHMPOBAHHOM Harpy3ku
OceBoe pacTsXeHne NMOHWKaeT CTONKOCTb K CMATUIO, & BHYTPEHHee AaB/ieHe NoBbILLaeT ee.
B HacTosLLeM NnognyHKTe npuBefeH MeTo/ pacyeTa CTONKOCTU K CMATUIO NoA4 AelicTBMEM OAHOW nnn 06enx
Harpy3oK, 0CHOBaHHbIi Ha hopmyne Knesepa—TamaHo no [7].
OceBoe pacTsKeHve He BMSIET Ha AaB/ieHne ynpyroro cMsaTtva, T. e. gPedai HaxoddAT, nucnonb3ysa gopmy-
ny (40)

P 2
a-v (42)

roe APc” — pasHocTb faBfneHuii PO u P MMa;

P3 — HapyxHoe gasneHue. Mrla.

P, — BHYTpeHHee fgasneHune, Mra;

Knda* — NOHMXaKLMA KO3 ULMEHT A8 NPOEKTHOrO YNPYroro CMATUS;

£ — Mopay”nb tOHra, paBHbIli 206.9 Ma;

v — K03 humumeHT MNyaccoHa, paBHblii 0.28;

D — HOMWHAasIbHBIA HAPYXHbI AuameTp, MM;

t — HOMVHa/IbHaA TO/LLMHA CTEHKN, MM.

MpoekTHOe faBreHne TekydecTu Tpecka 4 PyTdy paccunTbiBaloT No cnegytoLeil hopmyne

* dn*2aynmtt
P 3
yTdo* “ D _i (43)
roe Kydd— noHnxarowwmnii KoadULMEHT A48 MPOEKTHOTO N1acTUYECX0oro CMATUA:
gy — 3a/aHHbI MUHUManbHBIA Npeaen TeKyyecTy Npu pacTsXeHN;
t  — HOMWHa/IbHasA TOMNLUMHA CTEHKM;
D — HOMWHasIbHBIV HAPYXHbIA gnameTp.
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MpoekTHOE faBneHne TekydecTn hoH Museca *Py,TGdes MIMa. paccunTbiBaloT No cnegyoLleli hopmyne

OPyytoac* - (4/3"2)/lyac*°>-tn(o ,) 1 ) *P,-P, (44)

rae
Poll - Pak — P A + PgAd- (45)
Py do» - K das®ymn”s. (46)

npu 3TOM /], iin — NoHWXatoLLMii KO3 PULMEHT A/ NPOEKTHOrO NIACTUYECKOTO CMSATUS:

®yTn — 3aAaHHbIi MUHUMATLHBIA NPEAeN TeKy4ecTu Npu pacTskeHun. MMa:

t — HOMUWHaSIbHASA TOMLLMHA CTEHKMN, MM;

D — HOMWHaSIbHBbI HAPYXHBbIV AMaMeTp, MM:

Fen — 3ddeKTMBHOE OCEBOE YyCcune, H. T. e. AN COBEPLUEHHbIX TPYO — ycuve, co3gatoliee oce-

BO€ HanpsxeHue, 4O0NO/THNTE/IbHOE K HanpAXeHU, co3gaBaeMoMy BHYTPEHHUM U HapPyX-
HbIM faB/1€HUAMN B pr6axc TOopuEeBbIM YN/IOTHEHNEM!

pa, — CocTaBnawLlas apdPeKTMBHOIo 0CEBOI0 YCWUNA, HE Bbi3BaHHaA M3rnoom, H;

P. — BHyTpeHHee faBneHve, Mla,

A, — njouwagb NonepeyHoro CeYeHus No BHyTPEHHEMY AvaMeTpy, paBHas 11— MM2

PO — HapyxHoe gasneHue. MlMa;

Ac  — nnowajb NonepeyvHoro cevyeHns No Hapy>xHoOMy AnameTpy, paBHas MM2:

A% — niowaab nonepeyHoro ceveHus obpasLia A1 UCnblTaHus Ha pacTskeHve, pasHas (4,— ), Mm2

Pd1 saBnsetca dyHkumen ot Pa[dopmyna (45)]. Takum o6pasom, pelueHvie no dopmyne (44) HaxogsaT
MeTOA0M UTepaLyn UAN NPU NOMOLLUY ChYHKLMN N3BNEYEHUS KOPHSA B MaTeMaTUYeCKoi 3N1eKTPOHHON Tabnuue (cMm.
npumep B 8.3.2).

[JeicTeylolee faBneHne cMATUA Ha nNpegesne TeKy4ecTy NpUHMMaeTCs Kak fasneHne Tekyyect hoH Mu-
3eca Uu kak cpefjHeapudmeTnyeckoe 3HaveHne fgasneHnii Tekyuectu choH Museca n Tpecka, B 3aBUCMMOCTH OT
nonoXeHUs Ha annunce oH Muaeca. T. e.

D.Pydjs 4PjrTdM + mryvmedeb |-|pVI Aqumaes>,El,PyTaa& (47)

APy das - APy vmedas MNPW APy .ta das < APy T das- f4®)
3arem no chopmyne (39) paccuntbiBaloT Pd, ¢ ucnonb3osaHvem AP, n IPy Bmecto Pc n Py
(ApaiiBa * AP .das) “ [|(A4"&dos+ ~~fdas) 4"aea -"ydes”td
OPu. (49)
21- W |

OkoHuaTenbHOe NPOEKTHOE HapyXXHoe faBneHune Padfi onpeaensatoT no oopmyne

Poe=s = [Pk + P,- (SO)

8.2.3 ®opMybl NPOEKTHOW CTOWKOCTM K CMATUIO (PYHKLMA pacnpefeneHnus BeposiTHOCTU
[eNeHHOro 3HayeHunsn)

MpOEeKTHYI0 CTOMKOCTb K CMSATUIO A/17 TPY6, paboTatoLLyx TO/IbKO NOA HAPYXHbIM JaB/IeHNeM, onpeaensoT
no coopmyne (51). Ans Tpy6, paboTaroLmnx Nog HapyXHbIM AaB/IEHUEM U OCEBOI HArpy3Koi U/Mnun BHYTPEHHUM
JaBneHunem, cm. 8.2.2.2.
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Poa»t+ PyOa») _|t»dti Ardo&) + ~Modoifydas”tdoi
(51)
-(I ~ M.do»)
roe
0.825 2£
n 1 1 52
<«o-"FWF-"TJ ©2
Ayde* = Aydes  "°><nn £j[" + 20] (53)
npv aTom Pdos  — npoekTHoe gasneHne cmatus. Mra;

P, d& — npoekTHOe AaBneHue ynpyroro cmatus. Mra;

Pv da* — npoekTHoe gaBneHve nnactnyeckoro cmsaTusa. Mra;

K, @aal — NOHWXaLLMii KO3hMUMEHT, paBHbIii 0.22 — ans Tpy6, NOABEPrHYThIX XO/I0AHOM pOTaLNOH-
Hoi npaske, 1 0.20 — ansA Tpy6, NOABEPrHYThIX ropsyeli poTaLMOHHOW npaske;

E — Mopynb KOHra, paBHbIii 206,9 Ma.

Y — koadpcpuumeHT MNyaccoHa, pasHbliii 0.28;
D — HOMUHaSIbHbIM HAPYXHBbI AuameTp, MM;
t — HOMMWHaNbHas TO/LLMHA CTEHKN, MM;

KT ab — MOHMXaOLLMIA K03(PPULMEHT AN MPOEKTHOro NaacTUYeckoro cmsaTunsa (Tabnmua 5);
CyTn — 3afaHHblii MUHUMa bHBIA Npeaen Teky4yecTun Npu pactsxeHun. MMa.

Ta6nuyab5 — MoHmkawwme koapduuymeHTb K, n N,

Fpynna XonogHasA poTauMoHHas npaska [opsvyan poTauvoHHas npaska
npoyHocTn” K b K *

H40 0.830 0.910 0,22 -c - -
J55. K55 0.830 0.890 0.22 -¢ -¢ -¢
M65 0,830 0.880 0.22 -¢ -¢ -¢
K72 0.830 0,880 0,22 —C -c e
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 - ¢ - - ¢
N80 Tvn 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 _a 0.825 0.850 0.20
T95 _d _d _a 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

0 MprMeHsieTca TONbKO 415 YKA3aHHOW Tpynmnbl MPOYHOCTU; HE AOMNycKaeTCsl MHTePnonsuus no akTuyeckum
3HaYeHUAM npegenosB TekyyecTu. MNpu Heo6xoANMOCTU onpeAeneHus 3HavyeHuid koapduumeHToB ANA APYrux Tpynn
NpoYHOCTU — cM. cTaHgapT [3]. npunoxenne F

6 K do* n *! do* — 6e3pasmepHble BENNYMHBI.

¢ [lns AaHHol rpynnbl NPOYHOCTW FOPSUYI0 POTALMOHHYI NpaBky 06bIYHO HEe NMPUMEHSIOT.

aflo NOCT P 53366 He gonyckaeTca XonoAHas poTauuMoHHas Npaeka.

MpumevyaHuns

1 NoHwxatowme koadpdrumnenTsl B Tabnuue 5 6bi1n paccumTaHbl Mo [8] AnA 3aAaHHOr0 YPOBHA HafeXHOCTU
0.5 % ANns 6eclwoBHbIX TPY6 Nocne X0N0AHON U ropsyeli poTaunoHHO! npaBsku.

2 [nA nonyyYyeHUs mMakcUMasibHO BO3MOXHOI MIOCKON KPUBOI B NPOCTPAHCTBE AaHHbIX 418 3afjaHHOro ypoB-
HA HajexHocTn Tpebyemble 3HayeHuns K,”~ un  dOi 6bINn paccuynTaHbl METOAOM WTepauuu.

3 3HaueHue k, V0L paccumtaHo no (yHKUMAM pacnpefesneHns BepOATHOCTU ANS ONpeAensiolnx cnyyaes.
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8.2.4 [onyweHnsa n orpaHnvyeHuns

®opmyna (51) BbiBegeHa 13 hopMy/ibl NpefesibHbIX 3HaYeHNl Ha OCHOBE CTaTUCTUYECKNX faHHbIX O
pasmepax Tpy6 1 HanpsHKeHnax (T. e. Ha cTaTMCTUUYEeCKOM pa3bpoce pe3ynbTaToB U3MEPEHUSA HAPYXXHOTO
AnameTpa n TONWUHbI CTEHKN TPY6, HANPSXXEeHWA N1acTUYeCKOro TeHeHUA U T. A.) U Ha 3a4aHHOM YpPOBHE
HafexHocTu, pasHom 0.005. 3 TO 3HayeHVe B CyLLECTBEHHON MOpe COOTBETCTBYET 3afaHHOMY npeaeny
HaAeXHOCTU, yCTaHOBNIEHHOMY A1 N/1aCTUUYECKOTo CMATUA BCcTaHaapTe [9J.

dopmyna npegenbHbIX 3HaYeHWi NPOrHO3NpPYyeT AaBneHne paspyLleHns Tpy6bl, T. B. OHA He BKIoYaeT
KO3 hMUMEHT 3anaca NPoOYHOCTHN.

CnporHo3npoBaHHbIi YypOBEHb HAAEXHOCTU A5 No60ro oTAEeNbHOIo NPon3BoACTBa U BMAA TPY6 Mo-
xeToTnnyaTtbesa oT 0.005. B npunoxeHusx E uF onucaHo onpegenexHne npefenbHbiX 3HAYEHW CTOKOCTH
K CMATUIO 4115 KOHKPETHbIX C/lyYaeB no pe3yfbTataM UCMNbITAHUA HA CMATAE NCTATUCTUYECKUM AAaHHBIM
opasvepaxTpyb 1 HANPsXEHUSAX COOTBETCTBEHHO.

[nspacyeTtacToiiKOCTU K CMATUIO NPUMEHSAIOTCA KPUBbIE HaNpshkeHne-getopmanus ¢ niaBHbIM U3ru-
60M AnAaTpy6, NnoABepraeMbIX X0N104HOV POTaLMOHHON NpaBKe, U KpMBblE HaNpsXXeHne-gedopmaLms ¢ peskum
n3nomom Ans Tpy6, nogBepraemMbix ropsiveii poTaunmoHHoW npaske. TakuM 06pa3oM, pacyeTHbie 3HameHus
CTOMNKOCTW KCMATKIO TPY6 Mocsie X00AHOW pOTaLMOH>I0li NPaBKN ABNA0 TCA HECKO/TbKO 3aHWKEHHbIMU /15
TPpy6 C naaBHbIM N3rMG0OM KPMBOW HanpshkeHne-gecopmayus.

B chopmyny (51) He BKIOYEHO HEMOCPEACTBEHHOE ONpeAeneHne AaBeHns BO3HUKHOBEHUSI TeKyYecTH
meTasnna u CooTBETCTBEH>I0 OHa He pacnpocTpaHAeTCs Ha akcnayaTauunio Tpy6 B kucnabix cpegax. Mpu
Heo6X04MMOCTHN aB/ieHne BO3HUKHOBEHNA TEKYUYeCTn MeTannaMoxeT 6bl Tb onpegeneHo no opmyne (2).

8.3 Tpumepbl pacyeTa

8.3.1 PacuyeT NpOeKTHOI CTONKOCTM K CMATUIO 6€3 Harpy3kum

PaccunTbiBatOT MPOEKTHYIO CTOMKOCTb K CMATUIO TPY6 HApYXXHbIM AnameTpom 244.48 MM. TONLMHOW CTEHKN
13.84 mm, rpynnbl NpoyHocTy L80 Tun 1. noABEpPrHyThIX XONI0A4HON poTaunoHHON npaske, Npu K,aai. paBHOM
0.855, u/ddei, paBHom 0.22 (Tabnuua 5):

POM =0.825 @ 206,9 ml03{(1 - 0.282) (244,48/13.84) [(244.48M13.84) - 1)2 = 75.54 MMa;
Pyd03= 0.855 2 552(13.84/244.48) {[1 & (13.84/(2 244.48)]} = 54,91 MMNa;
={(75.54 + 54.91) - (75,54 - 54.91)2e(4 7554 54.91 0,22)]12/(2(1 - 0.22)] = 42.70 MMa.

8.3.2 PacuyeT NpoeKTHOl CTOMKOCTUN K CMATUIO NPV COYeTaHUN Harpy3oK

Mcnosnb3ya oCHOBHbIE faHHble U3 npumepa B 8.3.1 BCOOTBETCTBU Y € 8.2.2 paccynTbiBAOT MPOEKTHYO
CTOMKOCTb K CMSATUIO 4151 BHYTPEHHEro AaBneHuns 34.48 MlMa B coueTaHuu C pacTaruBatoLLeil 0CeBoii Harpy3koi
137.90 MMMa.

AP, T =2 m0.855 552 m0.06002 = 56.60 Mla;
AO0=n 244.4824 =46919.82 mm2

N, =n +216,824 = 36896,76 MM2,
An=46919.82 - 36896.76 = 10023.06 mm2;
Fy~ =0.855 552 10023.06 = 4730 kH;
Fa. = 137.9 10023.06 = 1383 kH.
PO MOXHO paccunTaTb, Kak KOpeHb, UCNosb3ys hopmyny (44)
MPo) = APy,mede3(P0O)-P 0+ P,.

Mnu MoXHO NpoBecTy Utepauuio, NpuHAB

PO - [OPyTaes ¢ P(= 56,50 + 34.48 = 90.98 MIla.
Torga no chopmyne (45)

FdT= 1383 +103- (34.48 36896.76) #(90.98 46919.82) = 4380 kH.
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Mo chopmyne (44)
OPywrBiM = (4/3,9) 0,855 -552 [13,84/(244.48 - 13,84)) [1- (4379,6 1034730 103)21®= 24.70 MMa.
McxopHoe 3HaueHve ans cnegyoLlei ntepauymm
POrew= 0,5 (90.98 +24.7 #34.48) = 75.08 MIa.

OcTaibHble UTepauuu npusefeHbl B Tabnuvue 6. MoryT 6bITb UCMOb30BaHbI Apyrue MeTofbl utepaumm (Ha-
npumep. HoloToHa-PadcoHa).

Tab6bnuya 6— WUtepaunn gnsa PO

P,.MMa p««-MM»
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

.mo doi < T dost oTcto Ao APy B4 = APy wDdcl = 41,29 MMa, U
APdAM= {(75.54 41.29) - [(75.54 - 41.29)2 ¢ (4 W75,54 ®41,29 0,22)F®}/ [2(1 - 0,22)] = 34,77 MMa:
POj0S= 34,77 # 34.48 = 69,24 MMa.

9 MMpPOYHOCTb COEAUHEHMNA

9.1 O6ume NooXeHUs

lMpoyHoCTb p63b6OBbIX COEAI/IHeHI/IVI ABNAETCA NokasaTresnieM LesIoCTHOCTU, a He Noka3saTenemMm repmeTnyHocC-
TV coeguHeHuna. Ana 06C6\,CI,H bIX pr6 npeaesibHasa Harpyska MOXeT pacCHUTbIBATbCA MO TEKYHECTU NN NO paspy-
LLIeHI/IIO/CprBy pe3b6b| coefnHeHus. 1na HaCOCHO-KOMMPECCOPHbIX pr6, Koraa KoJioHHa pr6 MOXET MHOrokpart-
HO NOgHMUMAaTbCA M ONMYyCKaTbCA B CKBaXXMHY, NpefesibHas Harpyska 06bI4HO onpegenseTcs no Tekydectu coeau-
HeHunA.

9.2 MpoYHOCTb NpN pacTsXeHun pe3bb0BbIX cOeAnHeHnn o6cafHbIX Tpy6
9.2.1 O6wme NONOXeHUA

MpuBeLEHHbIE Aanee pacyeTbl COEANHEHNI HA NPOYHOCTb NPU PACTSKEHUU NPUMEHUMbI A5 06CaAHbIX
Tpy6 no FOCTP 53366 u pe3b60Bbix coeguHeHnii no FTOCTP 51906 n TOCT P 53365.

9.2.2 NMpoYHOCTb CoeNHEHMNIA o6caaHbIX TPpyb € TpeyronbHoli pe3b6oii SCn LC

9.2.2.1 O6wme NonoxeHns

MpoYHOCTb cCoeAnHeHNI 06caHbIX TPY6 C TPEYronbHOWM pe3b60oii onpeaensitoT N0 MUHAMaIbHON CTOWKOCTM
K paspyLueHnto Tpybbl B MI0CKOCTW NOCNEAHEro BUTKA pe3bObl C NOMIHbIM NpodhuneM (CTOWKOCTY K CPbIBY Pe3b0bl
TPYObI) M CTONKOCTM K paspyLueHuto Tena myddTbl. [Mpy onpegeneHHbIX pasmepax MydTbl TPOYHOCTb My(Tbl MOXET
6bITb MEHbLLE NPOYHOCTU Tena Tpy6bl. MPOYHOCTb My(hThl paccyMTLIBAIOT NO BNajuMHe BUTKA pe3bbbl MydTbl B
N/I0OCKOCTY TopLa TPY6bl NPM MEXaHN4eCKOM CBUHUYMBaHWUN.

9.2.2.2 flonyleHnsa 1 orpaHnyeHns

B dhopmyne gns pacyeTa NPoYHOCTM coeAMHEHWI 06CafHbIX TPYO C TPeyronbHOW pe3b60oii He yunTbiBaeTcs
BO3MOXXHOE BO3[ECTBIE BHYTPEHHEr0 NN HapYXXHOro faBfieHns. He yuntbiBaeTcsa Takke BIMSHWE Ha NPOYHOCTb
COeAMHEHNS KPMBU3HLI 06CaAHbIX TPYO.

9.2.2.3 TpeboBaHUs K UCXOAHbIM JaHHbIM

[nsa pacueTa NPOYHOCTY COEAMHEHMNI 06CaAHbIX TPYO C TpeyrosibHol pe3b6oil Heo6xoAMMbI cneayoLe
UCXOAHbIE AaHHble:

D — HOMWHasbHBIA HAPYXHbIA AnamMeTp TpyObl, MM;

°ummp— 3aaHHbI MUHUMaSIbHBIA Npegen NPOYHOCTY NPY PacTSHKeHUn 4N Tena Tpy6bl. MMa:
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0YIO§— 3aAaHHbI MUHUMaNbHBIV Npegen TeKy4ecT Npu pacTsXXeHun 4nsa Tena Tpybbl. MIMa,
Lel— anuHa conpspkeHnsa Npyu MexaHn4yeckoM CBUHYMBAHUN COeAVHEHNSA C HOMUHAIbHBIMY TEOMeTpuyec-
KMMy napameTpamu. pasHasa (L4- M), Mwm;

t— HOMWHaNbHas TONLWMHA CTEHKN TPYObI, MM.

[ns pacyeta NPpoOYHOCTU My Tbl C TPEYro/bHOV pe3bboii He06X04UMbI CNefyoLLe NCXO4HbIe faHHbIe:

A — HaTAr Nnpy py4HOM CBUHYMBAHUW, MM;

E, — cpefHuii anameTp pe3sb6bl B N10CKOCTU PYYHOTO CBUHYMBAHNSA, MM;

OLprc— 3afiaHHbI MYHMMasIbHBIA NpeAen NPOYHOCTY NPy pacTskeHnn Ans mydTsel. MMa,

H— BbICOTa MCXO4HOTO NPOMASA TPEYroNbHON pe3bbbl, MM;

L, — paccTosHue oT Topua TPybbl 4,0 NJIOCKOCTH PYHHOTO CBUHYMBAHUS, MM;

Sm— cpe3 no BnagnHam npotvns TpeyronbHon pe3bbbl, MM;

Ta— KOHYCHOCTb, MM/MM;

DM— HOMWHasbHbI HAPYXHbI AnameTp 06bI4YHOK MyPTbI, MM.

9 2.2.4 ®opMy/ibl NPOEKTHOI NPOYHOCTK

PacueT npo4HOCTU coeMHEHNI 06caAHbIX TPYO C TPEYro/ibHOM pe3b60i NPOBOAAT NPV MUHUMASTLHON NPOY-
HOCTM Tena Tpy6bl MO NPOYHOCTN BUTKOB Pe3bObl TPYObl HA CPbIB U MPOYHOCTN MyThI.

PacueT Ha NpoYHOCTb Tena Tpy6bl NPOBOAAT NO creAytoLLei dopmyne

p.-aesv— nm (54)
PacueT Ha NMPOYHOCTb BUTKOB pe3b6bl TPYObI HA CPbIB MPOBOAAT MO Creayoweii opmyne

0.74D'0590ymnp ~  Crymres
p.= 095Ad.< 0.5, +0.14D 0.14D (59)

PacueT Ha NPOYHOCTbL MydIThl IPOBOAAT MO CedytoLeii chopmyne

P = 0.95Ar oung, (56)
npu aTom
Ap =fNe -2 hlj2-(f]; (57)
4ce £ (58>
d,=E,-(L, +A)Ta* H-2sm, (59)
roe P, — npo4yHoCTb coeanHeHus. H;

4p R/I0LLA/Ib NOMEpPeyHOro CeHeHs TpYGbI B N/I0CKOCTM NOC/IEAHEN0 BUTKA Pe3bObl C NOJHBIM NPodiniem, MM2,
@umnp ~ 3[1@HHBIA MUHUMaNbHBIV Npeaes NPOYHOCTY NPU PaCTSHKEHUN ANs Tena Tpyobl. MMa;
L* - [ASIMHA CONpsXeHWs NPy MexaHM4eCKoOM CBYHYMBAHWUN COEANHEHUS C HOMUHA/IbHLIMU TreOMeTpu-

yeckumu napameTpamu. paBHas (L4- M). mMv;
D — HOMWHaJIbHbIN HapYXHbI grnameTp Tpy6bl, MM;
*tyTop®  3afHHBIA MUHUMANBbHBIV Npeen TeKyHecTu Npu pacTsXXeHUN ANns Tena TpyGel. MMa;
4c - MNnowajb nonepeyHoro ceveHns MyaqTbl, mpuz;
®mme  3afaHHbI MUHUMabHbI Npefen NPOYHOCTYU NPY PacTSHKEHUN ANs MydTbl. MMa:
d — BHYTPEHHW1 anameTp TpyObl, paBHbIin (0-217), MM;
t — HOMMWHa/bHasA TOMNLWMHA CTEHKN TPYObI, MM;
0» - HOMUWHA/IbHBIN HapYXHbIli fuameTp 06bI4HOM MydThI, MM;
d, — anameTp BnaAnHbl pe3bbbl MyddTbl B MI0CKOCTM TOpLA TPYObl NP MEXaHNYECKOM CBUHYMBAHWUM, MM,

cpefHuii fuameTp pesb6bl B NI0CKOCTM PYYHOTO CBUHUYMBAHWS, MM;
L, - paccTosiHMe OT Topua Tpybbl A0 NIOCKOCTU PYHHOrO CBMHUYMBAHNSA, MM;
A — HaTAr Npy pyYHOM CBUHYMBAHWN, MM;
Ta - KOHYCHOCTb, MM/MM;
H - BbicOoTa ncxofHOro Npouns TPEYrosbHol pe3bobl, MM;
n - BbICOTa Npodunaa TPeyronbHol pe3bobl, MM;
Sn cpes no BnagnMHam npodounasi TpeyrosibHoi pesbobl, MM.
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9.2.3 TlpoyHOCTb coeanHeHnin o6caaHbIX TPy6 ¢ TpaneuenganbHoi pessboil BC, OTTM n OTTI
9.2.3.1 O6wme NnonoxeHns
MpoYHOCTL CoeAnHeHNst 06caHbIX TPY6 C TpaneLenanbHoi pe3b6oit onpefensoT o MUHUMabHO Npoy-
HOCTW pe3b6bl TPY6b! 1 NPOYHOCTY MyddThbI NOA BNaAWHON pe3bbbl B N10CKOCTY TopLa TPYObl NpU MexaHn4eckom
CBMHYMBAHUN.
9.2.3.2 lonyLieHunsa 1 orpaHnyeHms
PacueTHble hopmy bl NPOYHOCTM coeAVHeHNs 06caAHbIX TPY6 C TpaneLuenanbHON pe3b60oi OCHOBaHbI Ha
cnefyoLlmxX JOMyLeHUsX:
- paspyLueHue coegrHeHNs 13-3a CpbiBa BUTKOB pe3bObl HEBO3MOXHO. CnieayeT 0OTMETUTb, YTO 3TO AonyLe-
HVe NPOTMBOPEYNT HEKOTOPbLIM pe3y/ibTaTtaM UCMbITaHuii Tpy6 ¢ 661bwKM oTHOLWweHKeM Dit.
- HE yUUTbIBAETCS BANAHNE BHYTPEHHETO Y HAPYXXHOTO AaB/IeHWiA;
- HE yUnTbIBAETCS BANAHWE KPUBU3HbI TPYObI.
9.2.3.3 TpeboBaHWs K UCXOAHbIM JAaHHbIM
[lns BbINO/THEHNS pacyeTa NPOYHOCTY CoeAVHeHUss 06caaHbIX TPy6 € TpaneuenganbHol pe3bLboii Heobxo-
OVMbI cnefylolme NCXoHble faHHble.
D — HOMUHanbHbIV HapYXHbIi AnameTp TpyObl, MM;
£7— cpepfHuii gnameTp pe3bbbl B OCHOBHOW N10CKOCTU, MM;
aumnc~ 3afjaHHbl MMHVMaJIbHbIA NpeAen NPOYHOCTY NPV pacTsxeHun Ansa mydTsl. MMa;
0 p — 3afjaHHbllii MUHUMa/IbHBIV NpeAen NPOYHOCTN NPU pacTskeHun ansa Tena Tpyobl. MMa;
OyTnp— 3afaHHbI MUHUMaIbHBIV NpeAen TeKy4ecTu Npu pacTsxeHun ansa Tena Tpyoel. MIMa;
hB— BbicoTa npodhnnsa TpaneuenganbHoli pe3bbbl, MM;
AB— AN coefnHeHna BC — paccTosHue oT Topua MydiThl 0 OCHOBaHWA TPeyronbHOro knenma npu pyy-
HOM CBMHYMBaHWUKN, A9 coeguHeHuin OTTI n OTTM — paccTofAHMe OT Topua Myd Tbl A0
KOHUa cbera pe3bbbl HATpy6 e NP pyYHOM CBUHUYUBAHUM, MM;
L7— anvHa pe3b6bbl TpyObl C NOMHLIM NPOdUAEM, MM;
t— HOMUWHaNbHasA TONLWMUHA CTEHKN TPYObI, MM;
7d— KOHyCHOCTb, MM/MM;
Du — HOMWHasbHbIV HAPYXHBbIA AnaMeTp 06bIYHON MyddTbI, MM.
9.2.3.4 PacueTHble chopmyIibl
PacueT Ha NPOYHOCTL coeMHeHuiA 06caaHbIxX TPY6 ¢ TpaneLuenaansHo pe3s60oi NpoBoAAT N0 MUHUMANb-
HO NPOYHOCTU pe3b6bl TPYObI U NPOYHOCTY Pe3bObl MydIThI.
PacueT Ha NPOYHOCTb Pe3bObl TPYOLI NPOBOAAT N0 cnegytoLei hopmyne

(60)
PacueT Ha NpOYHOCTb pe3bbbl My Thl MPOBOAAT NO CrieAytoLLei dhopmyne
P,=0.95" o™, (61)
roe P — MPOYHOCTb CcoenHeHus. H;
Ap — nnowagb nonepeyvyHoro ceveHuns Tpyobsbl, pasHas -j- (D2- d2), Mm2:
O — HOMUWHa/bHbIN HAPYXHbIA AnameTp TPyObl, MM;
d — BHYTPEHHU gnameTp Tpy6bl, pasHblii (D - 21), mv;
t — HOMWHasbHas TONLWMHA CTEHKV TPYObI, MM;
<uiTp — 3a4aHHbI MUHUMasTbHBIA Npegen NPOYHOCTU NPU PacTaXeHUN ANs Tena Tpyosl. MMa;
aymip — 3a/jaHHbl MUHUMaUIbHbBIV Npeaen TeKyYecTy Npu pacTsxeHun 4ns tena Tpyosl. MMa;
[c — nnowasb nonepeyvHoro cevyeHnss MydTbl, pasHas -*-(03 - d2), mm2:
DM — HOMUWHaNbHBIA HAPYXHBbIA AnameTp 0ObI4HON MydITbl, MM;
¢  — avameTp BnaguHbl pe3bbbl MydiThl B NI0CKOCTY TOpLA TPYObl NPW MEXaHUYECKOM CBUHUYMBAHWN, MM;
NUNC — 3aaHHbI MUHUMaSTbHBIA Npeaes NPOYHOCTU NPU PacTsXeHUN AN mydTel. MMa:
® ~El—((-7 + AB)T< * hg, (62)

rae ET — cpefiHuii gnameTp pe3bbbl B OCHOBHOW M1I0CKOCTH, MM:
L7 — pnuHa pe3bbbl TPYObI C NOSHLIM Npodunem, MM,
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A3 — nnsa coeguHeHns BC — paccTosiHue oT Topua MyddThl 0 OCHOBaHWSA TPEYro/lbHOro KneliMa npu pyd-
HOM CBUHYMBaHWU, Ans coeguHeHuii OTTI n OTTM — paccTosHue OoT Topua Mmyd Thl Ao
KOoHUa cbera pe3bbbl Ha Tpy6 e Npu py4yHOM CBUHUYMBAHUU, MM;

TiA — KOHYCHOCTb, MM/MM;

/78 — BbICOTa Npodhnns TpaneuenanbHoN pesbobl, MM.

9.3 TpOYHOCTb NpPU pacTsXEHUN COeANHEHN HACOCHO-KOMMPECCOPHbIX TPY6

9.3.1 O6uwme NoNoxXeHus

MprBeAEeHHbIE HUXE pacyeTbl COEAMHEHWI Ha MPOYHOCTb MPY PACTSXEHUU NPUMEHWUMbI 415 COeuHe-
HWIA HacCOCHO-KoMMpeccopHbiX Tpy6 no FOCT P 53366 c pe3b6oBbiMM coeguHeHusimm no FOCT P 51906 u
FOCTP 53365.

9.3.2 MpoOYHOCTb COEAMHEHUN HACOCHO-KOMMPECCOPHbIX TPY6H C HEBbICAXOHHbIMU KOHUamu NU,
HKTuHKM

9.3.2.1 O6Lme NonoxeHus

MPOYHOCTb COEUNHEHMNI HACOCHO-KOMMNPECCOPHbIX TPYH € HEBbICAXEHHBIMW KOHL MU 1 TPEYTro/bHOl pe3b-
601 NU n HKT paccunTbiBaloT Kak Npov3BefeHne npegena Teky4yecTi Ha naoLwaib NonepeyHoro ceveHns Tpyob!
noA nocnegHNM MosiHbIM BUTKOM pe3b6bl. [M1owagmn nonepeyHbix ceveHunii 06bI4HbIX 1 CnelmanbHbiX MyddT BCe-
roa 6onblue, YeM NaoWwaan KpUTUYECKMX CeYeHWn CBUHYMBAEMbIX C HUMK TPY6, N HE BAMAIT Ha NPOYHOCTbL
CcoefIMHeHNS.

MpPOYHOCTL COeANHEHNIT HACOCHO-KOMMPECCOPHbIX TPY6 C HEBbICAXEHHBIMW KOHLAMK 1 TpaneLlenaanbHoii
pe3b60oit HKM paccunTbiBaloT B cOOTBETCTBUM C 9.2.3.

9.3.2.2 lonyLeHns v orpaHnyeHmns

dopmyna gns pacyeta Ha MPOYHOCTb COeANHEHNI I HACOCHO-KOMMPECCOPHbLIX TPY6 C HEBbICAXKEHHBIMMN KOH-
LlaMu He yunTbiBaeT BO3MOXHOE BO3LE/CTBINE BHYTPEHHETO 1 HAPYXXHOTO AaBNeHUiA. He yuutbiBaeTCS Takke Bn-
SIHVE Ha NPOYHOCTb COeIMHEHUS KPUBU3HBI HACOCHO-KOMIMPECCOPHbIX TPY6.

9.3.2.3 TpeboBaHuWs K ICXOAHBIM AaHHbIM

[lns BbINOMHEHMA pacyeTa NPOYHOCTN COEANHEHNS HACOCHO-KOMMPECCOPHbIX TPY6 C HEBbICAXEHHBIMUN KOH-
LaMn Heob6xoAnMbI cnefylolme UCXOHbIe AaHHble;

D — HOMUHabHbI HAPYXHbIA AnaMeTp TpyObl, MM;

D4 — HapyXHblil fuameTp pe3bbbl TPYyObl, MM;

<QYTN— 3aaHHbIli MUHUManbHbIA Npefen Teky4ecTn Npu pactsxeHnn, MMa;

A — BbicoTa Npoduns TpeyronbHoi pe3bobl, MM;

t— HOMUHasIbHasA TOLWMUHA CTEHKN TPY6bI, MM.

9.3.2.4 dopmysia NPOEKTHOI NPOYHOCTK

PacueT npoyHocTu Npu pacTsxeHun ans coegnHennin NU n HKT HacocHo-koMnpeccopHbIx Tpy6 ¢ HeBbica-
YXEHHbIMU KOHLLaMUN 1 TPeyronbHO pe3b60oii NpoBoAsT No chopmyne

(63)
roe P, — npoyHocTbcoefnHeHus. H;

a,Tn — 3a4aHHblli MUHUManbHbIV Npeaen TekyyecTy npu pacTsxeHun. MMa.
Dt — HapyXHblli guameTp pe3bbbl TPyObl, MM.

— BbICOTa NPOCHMS TPEYroNbHO pesbobl, MM;
d — BHYTpeHHUii fuameTp Tpy6bl, paBHblii (D - 21), Mm;
D  — HOMWHaNbHBIA HAPYXHBbIA ArameTp TPyObl, MM:
f  — HOMUWHanbHasA TONLWMHA CTEHKN TPYObI, MM.

PacueT NpoYyHOCTY Npu pacTsxxeHun Ana coeguHeHnss HKM HacoCHO-KOMMNPeCCOpHbIX TPY6 C HEBbICAXEH-
HbIMW KOHLaM¥ 1 TpaneuenganbHoi pe3b6oii nposoaaT no hopmynam (60) n (61).

9.3.3 TIpOYHOCTb COEAMNHEHNIA HACOCHO-KOMMNPECCOPHbLIX TPY6 C BbICAXEHHbIMU KOHUamMn EUUHKTB

9.3.3.1 O6wue nonoxeHns

MpPOYHOCTb COEANHEHUIT HACOCHO-KOMMPECOOPHBIX TPYO C BbICAXEHHBLIMU KOHLLAMWU U TPEYTONIbHON pesb-
60l EU 1 HKTB paccuntbiBatoT kKak Npon3BeAeHNE nNpeaena TeKyyecTy Ha nioLab NonepeyHoro ceveHmns tena
Tpy6bI. Mnowaas nonepeyHoro ceveHns Tpyobl o4 NocneAHMM MOHLIM BUTKOM pe3bbbl HACOCHO-KOMMNpeccop-
HbIX TPY6 C BbICaXEHHbIMV KOHLamun 60/bLUe, YeM NAoLwab NoNepeyHoro ceveHns Tena Tpyosl. MNaowanm Kputn-
YeCKMX NonepeyHbIX ceveHnii 06bIYHbIX U cneumanbHbIX My T Bcerga 60o/blue, YeM NoLLaAN KpUTUYECKNX ceve-
HWI CBUHYMBAEMbIX C HUMUN TPYO, U HE BANAIOT HA NPOYHOCTb COEAUHEHUS.
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9.3.3.2 lonywieHunsa 1 orpaHnyeHns

dopmyna Ana pacyeTta NPOYHOCTY COeAMHEHNI HACOCHO-KOMMPECCOPHbIX TPY6 C BbICAXKEHHBIMW KOHLLaMu1
He yunTbIBaeT BO3MOXHOE BO3AENCTB/E BHYTPEHHETO M HAPYXXHOI0 AaBNEHWiA. He yunTbiBaeTcs Takke BANSHUE
Ha NPOYHOCTb COEANHEHMNS KPUBU3HbI HACOCHO-KOMMNPECCOPHbIX TPYO.

9.3.3.3 TpeboBaHus K ICXOAHBIM AaHHbIM

[Lina pacyeTa NPOYHOCTY COEANHEHUI HACOCHO-KOMMNPECCOPHbIX TPY6€e BbICAXKEHHBIMW KOHLLAMU HE06X0AM-
Mbl C/leAyioLLne NCXOAHbIe faHHbIe:

O— HOMUHAaNbHbIA HAPYXHBIA AuameTp Tpy6bl, MM;

0YTN— 3a/aHHbli MUHUManbHbIA Npesen Teky4ecTn Npu pacTsxeHun. MMa;

t— HOMVHaNbHasa TONLWMHA CTEHKN TPYObI, MM.

9.3.3.4 ®opmyna NpoeKTHON NPOYHOCTH

PacueT npoYHOCTV NP PaCTAXEHNN A5 COEANHEHNI HACOCHO-KOMMNPECCOPHbIX TPY6 C BbICAXEHHbLIMMN KOH-
LLlamu NpoBOAAT No cnegytowien dopmyne

Pl=a ,~|(DJ-d!). (64)
rpe P — npoyHocTbcoeAnHeHus. H:
°,mn — 3afaHHblii MUHUMaUTbHBIA Npeaen TekyvyecTn Npy pacTsxeHnn. MMa;
D — HOMUHaNbHBIA HAPYXHbIV AnameTp TPy6bl, MM;
d  — BHYTpeHHuWi1 gnameTp Tpybbl, paBHblil (D - 2t), MMm;
/' — HOMWHa/bHas TOMLWMHA CTEHKN TPY6bI, MM.

9.4  TIpOYHOCTb MPU PACTSXKEHUU COefMHEHWI Tpy6 ANs Tpy6ONpoBOAOB

dopmMynbl Ans pacyeTa NPOYHOCTU Pe3b60oBbIX COEAVHEHUI TPY6 AN1A Tpy6ONpOBOLOB NPUBELEHbI B
{cTangapTe [10].

10 PacueTt cToiKOCTM MYydT NpU AeNCTBUMN AaBeHUN

10.1 O6wume nonoxeHms

Tpy6bl ¢ pe3b60ii 1 MydhTaMm BblAEPXUBAIOT BHYTPEHHEE AAaB/IeHNe, paBHOEe UM MeHbluee, YeM Tpy6bl 6e3
pe3bbbl 1 MyhTbl. MeHbLLIEee BHYTPeHHee AaBfieHne TpebyeTcs 415 NpefoTBpaLLeHns TekyyecT MyddTbl uim yTeuy-
K1 nog AeiicTBMEM BHYTPEHHENO AaB/eHNsA B NI0CKOCTY £< unn ET 13-3a HeAOCTaTOUHO NIOTHOCTM COEANHEHUS.

[ns BbicOKOrepMeTUYHbIX pe3b60Bbix coegnHeHnii OTTI n HKM. nmetowwyx y3en ynnoTHeHUs «meTtanin-
MeTasnN». CTOMKOCTb K fleICTBUIO BHYTPEHHETO faBNeHUsi NPUHMMAlOT PaBHOW CTOMKOCTU TPY6bl 6€3 pe3b6bl 1
MydOTbI.

MpuBeeHHbIe fanee NOI0XEHUS pacnpocTpaHaTCsa Ha Tpy6bl ¢ Myditamm no FOCT P 53366 ¢ pe3b60BbI-
My coeguHeHnamm no FOCT P 51906 n TOCT P 53365.

10.2 BHyTpeHHee faBneHve BO3HUKHOBEHUS TeKy4eCcTun MydTbl C TPEYrosibHOW
M TpaneyenganbHoil pe3bboii

BHyTpeHHee aBfieHne BO3HUKHOBEHMS TEKYUECT MyIThl PacCUMTbLIBAIOT MO ceaytolleit hopmyne

0. o avinie("M ~ 1) . (65)
= — | S—

roe PYc — BHyTpeHHee faBfieHve BO3HUKHOBEHUSA TekyuecTn B mydTe. MIMa;
<Vnnc— 3ai@HHblii MUHUManbHbIA Npesen TeKy4ecTn Npu pacTshkeHun 4na MydTsl. MMa.
°N  — HOMVHa/bHbIN HAPYXHbIM AnamMeTp 06bIYHON MYdThI, MM;
d, — BHYTPEHHWI juameTp BnaguHbl pe3bobl My Tbl B M10CKOCTM TOpLa TPY6bl NPW MeXaHN4eCkoM CBUH-
YMBaHUA. MM.
[ns o6cafHbIX M HACOCHO-KOMMNPECCOPHbIX TPY6 C TPeyrosibHo pe3bboii

rl,=£,- (4L +A)Ta+H - 2sm (66)
roe d, — avameTp BnagvHbl pe3bbbl MydhTbl B N1I0CKOCTY TopLA TPY6b! NPY MEXaHUYECKOM CBMHUMBAHUM, MM;
E, — cpefHwit guameTp pe3b6bl B NIOCKOCTU PYUYHOTO CBUHUYMBAHNUS, MM;

L. — paccTosiHue oT Topua Tpy6bl 40 NJIOCKOCTU PYYHOTO CBUHYMBAHMS, MM:
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A — HaTAr npy py4HoM CBUHUYMBAHUMN, MM;
Ta — KOHYCHOCTb, MM/MM;
H — BbICcOTa UCXOAHOro NPOU/IA TPEYro/IbHOW pe3bbbl, MM;
sm— cpe3 Mo BnagvHam npogus TPeyrosibHol pe3bobl, MM.
[na o6caaHbIXx TPY6 € TpaneuenganbHoi pesbboin ana coeguHerHns BC

d,=E7- (L7¢ABTO#hB (67)

roe d, — anameTp BnagvHbl pe3bObl My Tl B N1I0CKOCTM TOpLA TPYObl NPM MEXaHWYECKOM CBUHYMBAHUN, MM;
Ey — cpefHwuii snameTp pe3b6bl B OCHOBHOW NI0CKOCTH, MM;
Ly — anvHa pe3bbbl Tpy6bl € MOHBIM NpouaemM, Mm;
1B — paccTosiHme oT Topua My Tbl O OCHOBaHWSA TPEYro/IbHOro kneliMa nNpy py4HOM CBUHUYMBaHWUU, MM;
TV — KOHYCHOCTb, MM/MM;
bl — BbIcOTa Npochnna TpaneyenganbHo pesbobl, MM.
[ns o6cafHbIx TPY6 € TpaneuenaanbHol pes3bboii anst coeguHeHnin OTTM n OTTI o, paseH d3-L,Td+ 2/)e.
rae d3— BHYTPeHHWI anameTp pe3b6bl B NI0CKOCTY TopLa My Tbl NPU MEXaHUYEeCKOM CBUHUYMBAHWUU, MM; L,—
obuwasn agnvHa pe3bbbl TPYObl, MM.
10.3 CToOlKOCTb K yTOYKam nog AeliCTBMOM BHYTPEHHEro faBneHns My T C TPeyrosbHoW
nTpaneyenganbHoi pe3bboii
CTOIKOCTb K yTeukam nog, feiicTBremM BHYTPEHHETO AaB/eHUs B NIOCKOCTW E, unn E7 paccunTbiBaloT no
dopmyne (68), ocHOBaHHOI Ha TOM AOMNYLLEHUN, YTO YN/IOTHEHUE HaXOAUTCS B NIOCKOCTU E, TpeyronbHoli pesb-
6bl ¥ E7TpanevuenganbHoii pe3b6bbl. Mpu 3TOM cumMTaeTcs, YTo MydiTa ABnseTcst Haubonee cnabbiM 3BEHOM, 1 ee
CTOWKOCTb K yTeukam npuw Bo34elCTBUM BHYTPEHHETO AaBNEHNS CUMTaeTCca Hanbonee Hu3koi. dopmyna (68) ocHo-
BaHa Takke Ha JONyLLeHUN, YTO CTOMKOCTb K yTeukam nof AeiicTBMeM BHYTPEHHErO AaBfeHnsa onpeaenseTcs
[aBNeHnem BUTKOB pe3bbbl TpYObl M My Tl APYT HA ApYyra, SBAAIOWMUMCS pe3y/ibTaTOM CBUHYMBAHUSA U AeCTBUS
BHYTPEHHero JaB/ieHus, Npy 3TOM HanpsHKeHUs He BbIXOAAT 3a yNpyruii nHtepeaJ.

ET<A(pii-E1)

68
PL 2£80M (63)

raoe PiL — BHyTpeHHee faBnieHue npv nosiBfieHun yteyku, MMa.

E — mogynb tOHra, paBHbiii 206.9 ITla;

Ta — KOHYCHOCTb, MM/MM;

A — HaTar npy py4yHOM CBUHUMBaHWUM, MM, A15 pe3bboBbix coeanHeHuin SC. LC. NU, EU. OTTM. OTTI
MHKM. paBHbIi ykazaHHoMy B TOCT P 51906 n TOCT P 53365. ansi pesb6oBoro coeguHeHus BC
o6cafHbIX TPy6 HapyxHbiM gnameTpom 114,30 MM — 10.16 MM, HapyXHbIM fuameTpom oT 127.00 go
339.72 MM BK/HOYUTE/IbHO — 12.70 MM. HapyXHbIM anameTpom 406.40 MM — 9.52 mm;

OM — HOMUHASbHBI HAPYXHBIA ArameTp 06bI4HON MydTbl, MM;

E5 — cpeaHwii fmnameTp pesb0Obl B NIOCKOCTU YNIOTHEHUS, paBHbIN E, — Ans TpeyronbHo pesbbbl n E7—
ANns TpaneuenganbHol pesbbbl, MM;

E, — cpegHuii gnameTp pe3bbbl B MIOCKOCTU PyYHOTO CBUHUYMBAHNSA, MM.

Ey — cpeaHuii guameTp pe3bbbl B OCHOBHOM NIOCKOCTU, MM.

[laBneHune BUTKOB pe3bbbl My Tl U HUNNENA Apyr Ha apyra P,p, MMNa. B pesynbTare CBUHYMBAHUA COCTaB-
naet

_ETaA[p,] - el)(el - a2)
(69)
2E\{0$-<12)
roe E — mopgynb HOHra, paBHbiin 206.9 Ma.

Ta — KOHYCHOCTb, MM/MM;

A — HaTsr npy py4HOM CBUHUYMBAHUU, MM, ANS pe3b60Bbix coeaunHeHuii SC. LC. NU, EU. OTTM, OTTI u
HKM paBHbIli ykazaHHoMy B TOCT P 51906 n FOCT P 53365. gns pe3b6oBoro coeavHeHusi BC o6cag-
HbIX TPY6 HapyXHbIM AnameTpom 114.30 mm— 10,16 MM, HapyxHbIM AvameTpom oT 127,00 Ao 339.72 Mm
BKIOYUTENBHO — 12,70 MM, HapyXHbiM guameTpom 406.40 mm — 9,52 mm:

E, — cpepgHwuit anameTp pe3b6bl B NI0CKOCTU PYYHOTO CBUHUMBAHWS, MM;
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E7 — cpepHuii anameTp pe3bbbl B OCHOBHOM NI0CKOCTU, MM:
Obl— HOMWHaJIbHbIV HAPYXXHbI ArameTp 06bI4YHON MydTbI, MM;
£s — cpeHuii AnameTp pe3bObl B NI0CKOCTY YNIOTHEHUS, paBHbIN £, — ANA TPEYronbHol pe3bbbl N £ 7—
AnA TpaneuenganbHoi pesb6obl, MM;
d — BHyTpeHHwWIi anameTp Tpy6bl, pasHbili (D - 20. Mm;
D — HOMMWHaNbHbIA HApPYXHbIA AnameTp TPy6bl, MM:
| — HOMWHasbHaA TOMLLMHA CTEHKV TPYObI, MM.
Mocne CBMHUMBAHMSA NPUTOXEHNE BHYTPEHHETO aB/IeHNS Bbi3bIBAET U3MEHEHVE aB/IEHNS BUTKOB pPe3b0bl
My Tbl M TPy6bI ApYr Ha gpyra P~. MMMa,

(70)
roe P, — BHyTpeHHeepaBneHne.Mla;
d — BHyTpeHHui1 fiuameTp Tpy6bl, paBHbiil (O- 20. MMm.
D — HOMMWHaNbHbI HApPYXHbIA AnameTp TPyObl, MM:
t — HOMWHaNbHaA TONLMHA CTEHKU TPYObI, MM;

OM— HOMWHasIbHbI HAPYXHbI AnameTp 06bI4YHOM MydTbl, MM.

£5— cpepfHwuii anameTp pe3bObl B N1I0CKOCTM YNIOTHEHNS, PaBHbIl E .— N5 TpeyronbHol pe3bbbl n£. —
AnA TpaneuenanbHoN pesb6bbl, MM.

£, — cpegHwit AnameTp pe3bObl B M10CKOCTU PYYHOTO CBUHUMBAHUS, MM;

Ey — cpefHuii suameTp pe3b6bl B OCHOBHO M0CKOCTW, MM.

MockonbKy HapyXHblii AnameTp MydTbl Bcerga 60nblue gnametpa coeiMHeHNs, KOTOpbIii B CBOIO ovepesb
Bcerga 60nblue BHYTPEHHEro guameTtpa Tpy6bl, TO Bcerga meHble P,p. [oaTomy, Korga cymmapHoe gasie-
Hue (P|p+ P,p) cTaHeT paBHbIM BHYTPEHHEMY AaBneHuto P. 6yAeT 4OCTUTHYTO NpefesbHOe fAaBeHne repMmeTuy-
HOCTU coeauHeHus Plc Apyrumu cnosamu, ecnu P, 6onblie (PN ¢ PUY. TO BO3HUKHET yTeuka

+P*=PpP =P* (71)

rae P,p — fasneHune BUTKOB pe3b0Obl MyddThl M HANNENSA APYT HA Apyra B pe3y/ibTare CBUHUYNBAHNS;
P, — BHyTpeHHee faB/ieHue;
P..p— v3MeHeHVe faBneHns BUTKOB pe3bbbl My Tbl W HANMENs ApYr Ha Apyra B pesysibTare CBUHYMBaHUSA
roc/e NpUIoXeHNsa BHYTPEHHErO aB/1eHUs:
Ptc — npefensHoe AaBneHne repMeTUYHOCTU COeANHEHNS.
Mpy noacTaHOBKE COOTBETCTBYHLLMX 3HaUeHuli Ppu PtO B chopmyny (71) nynpolueHun nonyyaroT Qopmy-
ny (68).

11 PacueT macchl

11.1 O6wme nNonoxeHns

MprBeAeHHbIN B HACTOSALLEM pa3fene pacyeT Macchl NPUMEHUM An1A 06CafHbIX U HACOCHO-KOMMpeccop-
HbIX TPY6 no FOCT P 53366. Tpy6 ana Tpy6onposogos no FOCT ISO 3183. npvMeHsieMbIX B Ka4ecTBe 06cagHbIX
1 HACOCHO-KOMMPECCOPHbIX TPY6, 1 6ypunbHbIX TPY6 no FOCT P 54383.

MNOTHOCTb MApTEHCUTHOW XPOMUCTOI cTanu (rpynn npoyHocTu L80 Tvn 9Cr 1 L80 Tvn 13Cr) oT/inyaeTcs ot
NAOTHOCTW YIIEPOAUCTON cTanu, macca Tpy6 13 Takoi cTany MOXeT ObITb paccunTaHa c MICNosib30BaHMeM Nonpa-
BOYHOTO KoadhhuumeHTa 0.989.

11.2 PacyeT HOMUHaNbLHON Macchl

MoHATUE HOMVUHANIbHOW MacChl NPUMEHSAETCSA B OTHOLEHUMN TPY6 C pe3b6oil u MydyTamMu, € BbiCaXEH-
HbIMU N HEBbICAXEHHbIMW KOHLLAMWN N TPY 6 6e3 pe3b6bl. TO NOHATME NPUMEHSIETCA Takke NP NPOEKTUPOBaHNM
KOMTOHH 06CaHbIX U HACOCHO-KOMMPECCOPHbIX TPY6 AN onpefeneHns 3anaca NPOYHOCTY COeAnHeHUIA npu pac-
TSHKEHUN.

HomnHanbHas Macca Tpy6bl ¢ pe3b6oii n MydToid, ykaszaHHas B TOCT P 53366, npubam3nTensHO paBHa
pacyeTHOI Macce OfHOro MeTpa TPyObl C MydpTOin ANUHON 6,10 M, C yYETOM HOMWHA/bHbLIX FEOMETPUYECKNX
napameTpoB pe3b60BOro CoeAMHEHUS,, HOMUHATBbHbIX HAPY)XXHOTO ArameTpa U TONLLMHbI CTEHKM, TPYNMbl MPOYHO-
cTU Tpy6. OfHN 1 Te Xe 3HaUYEeHNS HOMUHABHOM Macchl TpyObl ¢ pe3b60ii U MyddTON NPUMEHSIOT 415 COEANHEHWI
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SC, LC, BC. o rrm. OTTI M NoA06HbIX COEANHEHUNIA, MPUMEHSAEMbIX B HECDTAHO 1 ra30BOi NPOMbILLSIEHHOCTH.
HomunHanbHas macca 6ypuibHONM TPyObl C BbICAXKEHHBIMW KOHLAMW U NPUBapeHHbIM 3aMKOM, YyKa3aHHas B
FTOCTP 54383, npn6n13nTenbHO paBHa pacyeTHOR Macce 0AHOro MeTpa Tena 6ypunbHOW Tpy6bl ¢ 3aMKOM A/11-
HO! 8,96 M, CyyeTOM BMAa BblCafKN, HOMUHANbHbIX HAPYXHOTO AnameTpa U TONLW MHbl CTEHKN Tena
Tpy6bl, TUMOpPa3mepa 3amka.

11.3 PacueTt macchl Tpy6bl 6e3 pe3b6bl U BbiCcagkn

Maccy Tpy6bl 6e3 pe3bbbl U BbiCafKu Ha eauvHuLy ASvHbl T, kr/m, gna Tpy6 no FOCT P 53366.
FOCTISO 3183. TOCT P 54383 paccunTbiBalOT No cieaytoLleli gpopmyne

etR=VC,x(D- 1}, (72)
rae KT — nonpaBoYHbIi KOAULMEHT ANs pacyeTa Macchl, paBHblii 1,000— ans yrnepoauctoii ctanu n 0,989 —
[ANA MapTEHCUTHO XPOMUCTOW CTasu;
*Wpe— Ko3thhuLMEHT NepecyeTa Macchl Ha eAMHULY ANUHBI, paBHbIii 0.0246615;
D — HOMWHanNbHbIV HAPYXHbIA AnameTp TPy6bl, MM,
t — HOMWHaNbHasA TONLWMHA CTEHKN TPYObI, MM.
11.4 PacyeT mMacchl Tpy6bl C OTAE/KOW KOHL0B

Mpu pacyeTe HOMUHANLHOW Macchbl TPYGbl MCMO/b3YIOT NOHSATAE YMEHbLUEHNUS WUW YBENNUYEHUSI MACChl,
CBfI3aHHOE C OTAE/NKOM KOHL0B TPy6bl [1*. 3HaueHns [i* paccumTbiBatoT no popmyrne (73). Ans Tpy6 6e3 pe3bobl

A* =°-
=L(m -m pa), (73)

roe [, — v3MeHeHUe Macchl Npy OTAESKE KOHLOB TPYO6bI, Kr,
L, — anvHa Tpy6hbl, M,
T — pacyeTHas Macca Tpybbl ¢ pe3bboii n MydhToli n\. unm Tpy6bI ¢ Bbicaakoin md, kr/m, ans Tpy6bl ANMHON L,.
Maccy Tpy6bl C OTAENKOW KOHLL0B paccunTbIBaOT No cregytoweii hopmyne

mi = *AA,- (74)
rae mL — pacuyeTHas macca Tpy6bl AIVHON L. Kr;
T/~ — macca Tpy6bl 6€3 pe3bbbl 1 BblCaAKV HA eAUHULY AJIUHBI, KI/M;
— ANHa TPy6bl C y4EeTOM OTAE/KU KOHLOB, M;
KT — MONPaBOYHbIA KO3WPULMEHT AN18 pacueTa Macchl, pasHblii 1.000— ans yrnepoguctoii ctanu n 0,989 —
A1 MapTEHCUTHON XPOMUCTOW CTanu;
AT — n3meHeHne macchl Tpy6bl NMPW OTAE/KE KOHLIOB, K.
11.5 PacuyeT macchl Tpy6bl NOeso Hape3aHns pe3bbbl U CBUHUYMBAHUA C My(TON
11.5.1 O6wme nonoxeHus
Maccy Ha eguHULY A/IUHBI TPYObl NOCNE HAape3aHUsi Pe3b0bl Y CBUHUYMBAHUSA C My(TOW BbIUMCASIOT NpK
ANVHe, N3MepeHHo 0T cB060AHOrO TopLa MyddThl 40 CBOGOAHOMO TOpLa TPyOb! (PUCYHOK 2). MpK 3TOM cunTaeTcs,
YTO HeCBOGOHBIV TopeL, HaBUHYEHHON MyDTbl HAXOAMTCA B NIOCKOCTA MEXaHUYECKOrO CBUHYNBAHWA TPYObI.

Yy
/ LJ2
"
Y -kw(4J2 +J)
L, gnvHa Tpy6bl: L,. — ASvHA MydiTbl; 3 — PaccTOsiHWE OT Topua TPpyobl A0 cepeAnHbl MydoTbl NP MEXaHUYECKOM CBUHYMBA-

HUK; *It, — Ko3dhehMLWEHT nepecyeTa fA/IMHbI pasHbii 0.001
PucyHok 2 — Tpy6a c pe3b6oil u mydToii
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2)) macca, yfaneHHasi npu Hape3aHunm pe3sb6bl

*T T +macca myTel Ha BYX KOHLax Tpy6bl

roe T (C — macca pe3bbbl ¥ My Thl Ha eAVHNLY ANVIHbI TPYObI, KI/M;
L, — anuHa Tpy6hI, M:
Kla — KoathmuMeHT nepecyeTa ANUHbLI, paBHbIii 0,001;
Lm — anuHa MyTbl, MM;
J — paccTosiHve oT Topua Tpy6bl 0 cepefnHbl My Tbl NPU MEXaHNYEeCKOM CBUHUMBAHUW, MM;
T po— Macca Tpy6bl 6€3 pe3bbbl 1 BblCafKu Ha eAUHULY A/TUHBI, KI/M.
11.5.2 PacyeT n3MeHeHUss mMacchbl TPybObl NOeno Hape3aHus pe3bObl M CBUHYMBAHUA C MyddTON

n, + Macca MydTe! - macca, yaansemas npu HapesaHum (76)
pe3bbbl Ha ABYX KOHLax Tpyobl
roe — W3MEHEeHVe MaccChbl Npu OTAENKE KOHLIOB, Kr;
kHI — koachchmumeHT nepecyeTa aMHbI, paBHbIii 0,001;
1N — pnvHa MydThl, MM;
J — paccTosiHue oT Topua Tpy6bl A0 cepeAnHbl MydTbl NPU MEXAHUYECKOM CBUHUYMBAHUN, MM;

LLbs — Macca Tpy6bl 6e3 pe3bbbl U BblCaAKW HA eAUHULY ANUHBI, KI/M.
Maccy mydTbl onpegensioT no 11.8.
Maccy, ygansemyto npu Hape3aHum pe3bbbl Ha ABYX KOHLaX Tpybbl, onpegenstor no 11.9.

11.6 PacueT macchl Tpy6bl Nocne BbiCaAKM
11.6.1 O6uwue nonoxeHus

PacueT nsmeHeHus mMaccbl TPy6bl Moc/e BbiCaKkN NPOBOAAT A5 ONPeAeNieHns  — U3MEHeHWs1 Macchbl

npwv OTAeKe KOHLOB.
PacueT macchl Tpy6bl Mocfe BbiCAAKVM Ha eAuHuLy AUHBLI T U NpUBeAeH ANs TPyobl AIMHON 6.10 M. C

y4yeTOM BbiCaKN 060MX KOHLLOB TPYy6bl (PUCYHOK 3).

t, — A/mHa Tpy6bl

PucyHok 3 — Tpy6a ¢ AByMsl BbiCaXEHHbIMW KOHLaMU

Maccy Tpy6bl nocfe BbiCafkv Ha eAVHULY A/IUHBI T W. KI/M. paccunTbiBalOT NO crieaytollei chopmyne

N3MeHeHne Maccbl nocsie BbiCaakn Ha ABYX KOHLaxX pr6b|
T.= VR e [ . (77)

roe T A — macca Tpy6bl 6e3 pe3bbbl 1 BblCanKy Ha eAUHULY AIUHbI, KI/M;
— A/IMHa Tpy6bbl, M.
11.6.2 PacueT usMeHeHuUs maccbl TPy6bl Nocse Bbicagku
M3meHeHne (yBennyeHne) macchl Tpy6bl nocne Boicagku onpegensaoT no 11.9.
11.7 PacueT maccbl MydThbl
11.7.1 O6wwme NonoxeHns

Maccy MydpTbl Anst Tpy6 4151 TPY6GONPOBOA0B, 06CaAHbIX M HACOCHO-KOMMPECCOPHLIX TPY6 C TPeyrosbHol pe3b6oii
BbIUMCNAT No 11.7.2, 06cafHbIX U HACOCHO-KOMMNPECCOPHbLIXTPY6 CTpanelengansHo» pe3bboit —no 11.7.3.
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11.7.2 Pacuet maccbl MydTbl 4ns Tpy6 ana Tpy6onpoBoAoB, 06CaAHbIX U HACOCHO-KOMMNpeccop-
HbIX TPy6 C TpeyronbHoOW pe3bboii

11.7.2.1 O6LWme NnonoxeHus

Maccymyd T anaTpy6 ana Tpy6onpoBofoB, 06CafHbIX U HACOCHO-KOMMPECCOPHLIXTPY 6 C TpeyronbHOow
pe3b6oii BbluncnaT no oopmynam (78) — (87) B COOTBENO TBMU C pucyHkamu 4 u 5.

— pnuHa mMydTel. M — paccTosiHue oT Topua My Thl 40 NIOCKOCTH PYYHOrO CBUHYMBAHWUS. OM — HOMWUHANbHbIN

HapyXHblii AnameTp 06bl4HOW MydTbl: O — AnameTp pacToukM B NAOCKOCTM Topua MydTbl. £, — cpeAHunii guametp
pe3b6bl B NIOCKOCTW PYYHOTO CBUHYMBAHWUS, £C — cpefHuii AnameTp pe3bObl nocepefuHe My Tbl;
I. I, 11l — o6bemsbl I. II. Il (Vol. I. Vol. Il. Vol. Ill) cooTBeTcTBeHHO B thopmynax (80), (81) u (83)

PucyHok 4 — MydiTa ¢ TpeyronbHoi pesb6oii

OM - HOMWHanNbHbIN HapyXHblA AnameTp 06bIYHOW My Tbl; O, - HapPyXHbI AnameTp TOpLEBON NAOCKOCTMW
06bI4HOW MY Thl CO cneymnanbHoOi ¢ackoii: O — yron cneunanbHoil acku;
IV -- o6bem IV (Vol. IV) B dhopmynax (84). (85) u (86)

PucyHok 5 — Mydta ¢ TpeyronbHoi pe3b60ii co cneumanbHOl hackol

11.7.2.2 PacuyeT Macchl 06bI4HON MydhThbl 6€3 yueTa dhacku

T ¢= 0.5666kn (Vol. 11I); (78)

Ec-E,(-Lf“wj?d (79)

Vol. | =0.7854MCP: (80)

Vol. IU 0.261B|~- lw)(e2 E,ECHEmE2); (81)
Du

Vol. @ e ll * I11) * 0.7854 (82)

Vol. 11l = VOI. (L e 11+ I11) - Vol. | - Vol. Il. (83)

rae T ¢ — macca 06bIYHON MydIThbl, KT,

KT — MOMNpaBoYHbIV KOAhMLMEHT AN pacyeTa Macchl, paBHblin 1.000— ans yrnepoguctoii ctamm 1 0.989 —
AN MapTEHCUTHOI XPOMUCTON CTanm:
Ec — cpepgHuii gnameTp pe3bbbl nocepeanHe MydThbl, MM;
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E, — cpegHwii gnameTp pe3bObl B NI0CKOCTW PYYHOrO CBUHUYMBAHWSA, MM;

Un — gnvHa mydTbl, Mm;

M — paccTosiHue oT Topua MyddThl 40 NIOCKOCTW PYYHOrO CBUHYMBAHUS, MM;
Ta — KOHYCHOCTb, MM/MM;

O — guameTp pacTouky B NI0CKOCTU Topua MydTbl, MM;

OM — HOMWHanNbHbIV HAPYXHbIA AnameTp 06bIYHON MyddTbI, MM.

PesynbTaTbl pacyeta Maccbl My Tbl BbIpaXatoT B kusiorpaMmax. OKoOHYaTe IbHyt pacyeTHYH Maccy OKpyr-
NA0T [0 ABYX AECATUYHbIX 3HAKOB, NMPOMEXYTOUYHOE OKpYr/eHue npu pacyete He NpoBOAAT.

PacueT macchl cneunanbHoin My Tbl HOMUHANBHBIM HAPYXHbIM AnaMeTpom OC BbIMOMHAIT Takxke, Kak
pacyeT Macchbl 06bI4HON MyThI.

11.7.2.3 PacyeT macchl, yaansemoi npu BbINOJIHEHUN CMeLManbHON dhacku

dopmyna (84). ncnonb3yemas s pacyeta Macchl, yaansaeMoin npy BbINOSIHEHUN CneunabHOR hackv Ha
MyddTax A1 HACOCHO-KOMMPECCOPHbIX TPY6 C HAPYXXHOW BbICAAKOM, MMeEeT NPUBIMKEHHbI xapakTep. TouHoe
BblpaxxeHue s o6bema 1V npusefeHo B Buae opmyiisl (85).

(DM-Of)(c£-07

Vol. IV =0,7854 (84)
2tg0

VoUyV.fa-D,)07850" - O® - oM, (85,

roe DM— HOMUWHaNbHBIA HAPYXHbI AnameTp 0ObI4HON MydhThbI, MM.
D, — HapyXHblli AuameTp TOPLLeBOW NI0CKOCTM 06bIYHOM MyhThI CO CneLanbHOR hackoin, Mm;
0 — yron crneyunanbHo dhacku, rpagyc.
Maccy, yaansemyto npu BbINOSHEHUN CneuuanbHON dhackn T Wb, Kr. paccunTbIBAKOT NO ceaytoLueii dop-
myne

T cnb = 0,5666/1T (Vol. 1V). (86)

rAe KT — nonpasoyHbIii KO3 PUUUEHT AN pacyeTa Macchl, pasBHbiii 1.000— ansa yrnepoamctoi ctanm n 0,989 —
ANt MApPTEHCUTHOW XpOMMUCTOl CTasn.
11.7.2.4 PacyeT Maccbl MydiTbl CO CeLnabHON ghackoi
Maccy mMyhTbl CO cneunanbHOon hackoi BbIYMCASIOT, BblUUTas U3 Macchl MydTbl no chopmyne (78) maccy,
yaansemyto npu BblinoaHeHun cdacku (hopmyna (86)). OkoHYATE IbHYI0 pacyeTHY Maccy OKpYrasaT 40 ABYX
[eCATUYHBIX 3HAKOB, NPOMEXYTOYHOE OKPYI/IeHNe Npu pacyeTe He NPOBOAAT.

TM =TC-T"b, (87)

rae T Gl — macca MydbTbl CO cneLmanbHON qhackoi, Kr:
T Cc — macca MyqThl, K&
maib — macca MydThl, yaansemas npy BbINOSIHEHWM CNeuvanbHOl dacku, K.
11.7.3 PacueT macchl MyqdThl A8 06CafHbIX U HACOCHO-KOMMNPECCOPHbIX TPY6 ¢ Tpaneueunganb-
HOWi pe3bboli
Maccy MydTbl 418 06cafHbIX U HACOCHO-KOMMNPECCOPHbIX TPY6 € TpaneuenanbHon pe3b60oii Bblumnc-
nsaT no popmynam (88)—(93). cM. pUCYHOK 6.

Lm - gavHa mydThl; DW — HOMUHaNbHbLIA HapyXHbI gnamMmeTp 06blyHON MydThl. EC — cpeaHuit guameTtp pesb6bl nocepeauHe
mMydTel ANs coeguHeHuii BC n OTTbl unm BHYTpPeHHUIA AnameTp pacTouku MypTbl Ans coefnHeHuit HKM un OTTT:
Eal — cpepgHuii gnameTp pesb6bl 0 naockocTu Topya MydThl. |. Il — o6bemsl I, 11 (Vol. I. Vol. 1I) B dpopmynax (90) u (92)

PucyHok 6 — MydTa ¢ TpaneueuganbHoii pe3b6oi
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Ec=E7-(L7+J)Ta; (88)
Eac=Er + (g + kx)Ta, (89)

rae £ — cpepgHuii gnametp pe3bbbl nocepeanHe My bl 418 coegnHeHnii BC OTTM vnv BHYTpeHHUI

AvameTp pacTtoykm Myd Tel Ans coeguHeHnin HKM n OTTI, mwm;

E7 — cpepgHwuit guameTp pe3bbbl B OCHOBHOW NI0CKOCTUN, MM;

L7 — pnvHa pe3bbbl Tpy6bl C MOMHLIM MPOdINIEM, MM;

J — paccrosiHme oT Topua Tpyobl A0 cepeAnHbl My Tbl IPU MEXAHUYECKOM CBUHYMBAHUN, MM,;

Ta — KOHYCHOCTb, MM/MM;

Eax— cpepgHuii guameTp pe3b6bl B N10CKOCTN TOPLA MyddThI, MM;

g — AvHa pe3bObl C HEMOHBIM NPOtUIEM, MM;

KX — MonpaBOYHbI KO3th huLyMeHT gnapacyeTa cpefHero gnameTtpapesbbbl BNA0CKOCTU TopLua Myd-
Tbl . paBHblii 0.300 — ans Tpy6 HapyXHbIM AuameTpom meHee 406.40 mm 1 0.200— ans Tpy6 Hapyx-
HbIM AnameTpom 406.4 mm 1 6onee.

Vol. 1 - 0.2618 (~) (E & + EacEc+ ER): (90)
Vol. (I ¢11) * 0,7854 %j -D @: (91)
Vol. Il = Vol. (I ¢ 1)-Vol. . (92)

rge Lm — anuHa mydtbl, MM,
Eac — cpepHuii fuameTp pe3bbbl B N10CKOCTY TOpua MydTbl, MM;
£c — cpepHuii gnameTp pe3bbbl nocepeanHe MydTol Ana coeguHeruii BC nOTTM wnnun BHYTPeHHU
AvameTp pacToudky Myd Tbl Ansa coeguHeHnin HKM n OTTT, Mwm;
DM— HOMUWHaNbHBIA HAPYXHbIA AnameTp 0ObIMHON My ThI, MM.
Maccy MydhTbl T d1 k. paccunTbIBatOT No creaytoLuei hopmyne

ka = 0.5666Am(Vol. ). (93)

rae * T — nonpaBoYyHbI KO3 PULMEHT A1 pacyeTa Macchl, pasHblii 1.000— ans yrnepoavcToi ctanm n 0.989 —
ANA MapTeHCUTHOW XPOMUCTO CTasn.

PesynbTaTbl pacyeta Macchl My Tbl BblpaXatoT B kusiorpamMmax. OKoHYaTe /IbHY0 pacyeTHYH0 Maccy OKpyr-
NAT A0 ABYX AECATUYHbIX 3HAKOB, MPOMEXYTOYHOE OKPYI/IEHME NPU pacyeTe He NPOBOAAT.

PacueT macchl cneymanbHO My Tbl HOMUHAUTbHBIM HaPYXHbIM AvameTpom OcC BbIMOHAKT Takxe, Kak
pacyeT Macchbl 06bI4HOI MyThI.

11.8 PacueT mMacchl, yaansaemoi npu HapesaHun pe3b6bl Ha Tpybe

Maccy, yaansemyto npy HapesaHun pe3bbbl Ha Tpybe, paccunTbiBatoT no hopmynam (94)—(99) B cooTBeT-
CTBUU C PUCYHKamun 7 1 8.

i.4 — pnuHa pesb6bl rpy6bl; 04 — HapyXHblii AnameTp pesbbbl TPyGbl; § — ANUHA pe3bbbl C HEMOHbLIM Npodunem;

Lt — panuua pesb6bl Tpy6Gbl C MOMHLIM nNpocunem. £, — cpejHuit guameTp pe3b6bl N OCHOBHOI MIOCKOCTH;

EO - cpeaHunit guametp pesb6bl B nnockocTu Topya Tpy6bl. I. 1. 11l — o6bemsbl 1. Il 111 (Vol. 1. Vol II. Vol. 1)
B popmynax (95). (96) n (97)

PucyHok 7 — Tpyba ¢ TpeyronbHol win TpybonpoBoAHON pe3bboii
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La— anuHa pesb6bl rpy6bi: Dt — HapyxHbI guameTp pesb6bl TPy6bl: [, — ANNHA pe3b6bl C HEMOMHLIM NPOdUIEM.
Lf— pnvHa pesb6bl Tpy6bl ¢ nonHbiM npounem: E} — cpepHuit guameTtp pesbbbl 0 OCHOBHOI NioCKOCTU:
£, — cpeaHuii anameTp pesb6bl a nnockocTu Topuya Tpy6sl. L I, IIl — o6bembl I, II 111 (Vol. I. Vol II, Vol. Ill)
a chopmynax (95), (96) n (98)

PucyHok 8 — Tpyba c TpaneueuganbHoii pesbboii

EO-E 7- L7Ta

roe EO— cpegHwnii anameTp pe3bbbl B N10CKOCTH TOpLa TPy6bl, MM;
E, — cpepgHwuii anameTp pe3bbbl B OCHOBHO NI0CKOCTA, MM.
L7— pnvHa pe3bbbl TPYObl € NONHBIM NpounemM, Mm;

Tii— KOHYCHOCTb, MM/MM.
Ha pucyHkax 7 un 8:

Vol. 1130.2618g (o | ¢ D4E7 + E7);

Voi. Il n 0.2618(L4 - g)[EZ - ETEO +EQ);

Vol.(| ¢ 1l +111) =0,7854L4D4;

Vol. 111= Vol. (I ¢ 1L + 1) - Vol. | -Vol. 11,

rie g — A/vHa pe3bObl C HENOHbLIM Npoduaem, MM;
04 — HapyXHblii fuameTp pe3bbbl TPYObI, MM;
E7 — cpepgHuii gnameTp pe3bbbl B OCHOBHOW NIOCKOCTU, MM:
L4 — pnuHa pe3bbbl TPy6bl, MM;
EO — cpeaHwuii gnameTp pe3bObl B N0CKOCTU TOpLA TPYObI, MM.

(94)

(95)

(96)

(97

(98)

Maccy T N, Kr. yaansemyo npu HapesaHuu pesb6bl Ha Tpy6e, paccunTbIBatOT No cnegytoleil hopmyne

T n =0,2833km(Vol. ),

(99)

rAe KT — nonpasoyHbIii KO3PPMLMEHT ANs pacyeTa Macchl, paBHblii 1,000— ansa yrnepoguctoi ctanm n 0.989 —

A1 MapTEHCUTHO XPOMUCTON cTanu.
11.9 Pacuet yBenmuyeHns maccbl Tpy6bl Npy Bbicajke

11.9.1 O6wwne NnonoxeHus

YBenuueHme Maccbl Npu Bblcagke KOHLL0B HACOCHOKOMMPECCOPHbIXTPY6 No FTOCTP 53366 1 6ypubHbIX

\Tpy6 no FOCT P 54383 BbiuncaAsT B cOOTBETCTBUM ¢ 11.9.2—11.9.4.
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11.9.2 PacyeT yBe/IMYeHUsi Macchl Tpy6bl NpW HapyXHOI Bbicagke

YBenmueHne macchl Tpy6bl MOC/E BbINOTHEHNSA HAPYXXHOI BbICAAKN BbIYNCASAOT no chopmynam (100)—(104)

B COOTBETCTBUU CO CXEMOIA, NPUBEAEHHOI HA PUCYHKe 9.

b Loy

LU LU AL

— HapyXHblii anameTp pe3bbbl Tpy6bl. O - HOMUWHANbHbLIA HapyXHbIi AguameTp Tpy6bl; Le - paccTtosHue
oT Topua TpyGbl A0 Havyana NepexofHoro ydactka Bbicagku; Cll — gnuHa nepexofHOro ydacTka HapyxHoi
Bbicagku; !. Il. IIl. IV - o6bembl 1 Il I, IV |[Vol. I. Vol II. Vol. Ill. Vol. 1IV) B popmynax <100)- (103)

PrcyHok 9 — HapyxHas Bbicagka
Vol. (I f Il) =0,7854/707;
Vol. (Il +1V) =0.2618/~(0? +D4D f D2);

Vol. (Il 1V) =0.7854 (Lb + L,u) O2;
Vol. (I # 111) =Vol. (I 11) +Vol. (11l «1V)-Vol. (Il +IV).

roe LB — paccrosiHue oT Topua Tpy6bl 40 Havaia NnepexoiHoro yyactka BbiCaaku, Mum;
O» — HapyXHblii guameTp pe3bbbl TPYObI, MM;
Lau — pgnvHa nepexofHoro yyacTtka HapyXHO Bbicagku, MM;
O — HOMUHa/IbHBI HAPYXHBIV ArameTp Tpybbl, MM.

(100)
(101

(102)
(103)

YBenuueHne Macchl Tpy6bl Noc/e BbINO/HEHUS HAPYXHOI Bbicaaku mak], K. paccuMThbIBAKOT N0 cnefytoLlei

chopmyne
T BU=0.2833/Cn [Vol. (I & IlI)].

(104)

rae KT — nonpasoyHbIii KO3 MLMEHT AN pacyeTa Macchl, pasHbiii 1.000— ans yrnepogucToin ctanm n 0.989 —

ANt MApTEHCUTHOW XpOMMUCTOl CTasn.

MpumMeyaHune — PacyeT yBeNM4eHNs Macchbl pr6b| npn BbINO/IHEHNN Hapy)KHOI7I BblCaaku NpoBOAAT B

KiflorpamMmax ¢ TOYHOCTBHO [0 ABYX AECATUYHbIX 3HAKOB.
11.9.3 PacyeT yBenMueHns macchl Tpy6bl Npu BHYTPEHHE Bbicagke

YBenunyeHve Macchl Tpy6bl NOC/E BbINO/THEHWSI BHYTPEHHEN BbiCafKn BbIYMCASIOT Mo chopmynam (105)—(109)

B COOTBETCTBUU C pucyHkom 10.

d BUYTPEHUUU AuameTp Tpy6bl, paBHblii (O - 2(). 4ay — BHYTpeHHWI aunameTp Bbicagku; LU W gnuHa BHyTpeHHell Bbicagku;

M — pnuHa nepexoAHOro yyactka BHyTpeHHei Bbicagku. I 1. Il - o6bemsbl I. Il. Il <Vol. I Vol II. Vol. IlI)
B popmynax <105)—<108)

PucyHok 10 — BHyTpeHHsAA Bbicagka
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Vol.l * 0,7854Lod &, (t05)

Vol.11 * 0.2618/lu(d2 + ddau *d *) . (106)

Vol. (L Il ¢111) =0.78540 (Un+ U: (t07)
Vol. Il =Vol. (I + 1L+ 111)-Vol. 1- Vol. 11 (108)

roe  — AJviHa BHYTpPEeHHel Bbicagku, MM;
d™ — BHYTpeHHUIA AnameTp BbiCaKN, MM;
W — AanvHa NepexofHOro yyacTka BHyTPEeHHel Bbicaaku, MM:
d — BHyTpeHHU guameTp Tpy6bl, paBHbli (D - 20. Mm.
YBenuyeHve maccbl Tpy6bl NOC/E BbINOMHEHUSA BHYTPEHHEN BbICAAKY [/TTW. KI. BbIYUCASAIOT MO creaytoLuleit

hopmyne
miru=0,2833" (Vol. I1). (109)

rae KT — nonpasBoYHbIi KO3 hMUMEHTANS pacyeTa Macehbl, pasHblii 1.000— ans yrnepogmctoii ctam n 0,989 —
A1 MapTEHCUTHOM XPOMOBOWA CTasu.

MpumeuaHune — PacyeT yBeMueHnss Macchl TPyObl NPY BbINOSHEHUN BHYTPEHHE! BbiCaakv NPOBOAAT B
Kunorpammax ¢ TOYHOCTBIO 0 ABYX AECATUYHBIX 3HAKOB.

11.9.4 PacueTt yBennueHna maccbl Tpy6bl NpW HapyXHOW U BHYTPEHHEN BblCagKax

YBenuyeHve maccbl TpyObl NOC/E BbIMOIHEHWUS HAPYXHOW W BHYTPEHHE BbICAA0K T au. Kr. no popmy-
ne (110) BbIUMCASAIOT Kak CyMMYy yBE/IMYEHUSI Macchl TPy6Obl NpU HapyXHoW Bbicagke no chopmyne (104) n npu
BHYTPEeHHel Bbicagke — no cpopmyrie (109)

ro*., = & /npn (110)

rae m,u — yBennyeHne mMacchl Tpy6bl Npy HapyXHOI BbiCagxke, Kr,
T aly — yBenuueHne mMacchl Tpy6bl NpU BHYTPEHHET BbICAaKe, K.

MpumMmeyaHune — PacyeT yBe/MUYeHUs MacChl TPYObl NPY BbINOSIHEHWW HAPYXHOI 1 BHYTPEHHEN BbICaA0K
NPOBOAAT B KUIOrpaMMax ¢ TOYHOCTBIO 10 ABYX AECATUYHBIX 3HAKOB.

12 YpnuHeHwne
MuHMMasbHOe yanuHeHne 5npu pacyeTHol gnHe obpasua 50.0 Mm BbiuucnsioT no dpopmyrne (111) v okpyr-

naT Ao 6nmxaiwnx 0,5 % npu 3HayeHun yannHeHns meHee 10 % wnm go 6nwkaliwero 1 % npu 3HaveHun
yomHeHus 6onee 10 %

A02
® ~=*1 o9 ' (111)
roe e, — Ko3ahOULUMEHT yA/IMHEHNS, paBHbIii 1944,
An — nnowafb NonepeyHoro ceyeHnsa obpasua A1a NCNbITaHNSA Ha pacTsXXeHne, MM2, paccunTaHHas no

HOMWHAa/IbHOMY HapY)XHOMY AVaMeTpy UM HOMUHATbHON LUIMPUHE M TONLLMHE 06pasLa, C OKPYrieHNeM
00 10 MM2, unun paBHas 490 MM2 (YTO MeHbLLE);
OLTN— 3afaHHbli MUHUMasTbHBIA Npefen NPOYHOCTY NpK pacTsxeHun, MMa.
Moppo6HocTn pa3paboTku chopmynbl (111)—cm. ctaHgapT [11].

13 WcnbiTaHne Ha cnnwuwuBaHune

13.1 WcnbiTaHWe Ha CNAOLWMBaHNE CBAPHbIX 06CaAHbIX U HACOCHO-KOMNPECCOPHbIX TPY6

Mpwv ncnbiTaHMn cBapHbIX 06CaAHbIX U HACOCHO-KOMMPECCOpHbIX TPy6 no FTOCT P 53366 Ha cnaowysaHne
paccTosiHie Mexay NanTaMn paccynTbIBaIOT No hopMynam, ykasaHHbIM B Tabnuue 7.
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Tab6nuya 7— PaccTosiHIe Mexay NUTamm1 Npy UCTbITaHUWM Ha CTI/IIOLLMBAHME /151 CBapHbIX 06CaAHbIX U HACOCHO-
KOMMPECCOopHbIX TPy6

Fpynna npo4yHOCTK OtHowenue DIl PaccTtofaHue MexAay cnaluWmnBal WM NnauTamMmm, mMm
16 @B 0.5000 D
H40 [o 16 D (0.8300 - 0.0206 LLI)
16 cs. 0.6500 O
155, 155 Or 3.93 g0 16 D (0.9800 - 0.0206 DIl
[o 3,93 0(1.1040-0.0518 0/0
K72 16 u cB. 0,7000 D
[o 16 D (1,1800 - 0,0300 D/t)
N80a NMoboe 0(1.0740-0.0194 QO
L80 OT970 28 0(1.0740-0.0194 QO
R95a Or 910 28 O (1.0800 - 0.0178 D/O
PNO6 Tio6oe O (1.0860 - 0.0163 o/o
Q125a Nio6oe 0 (1.0920 - 0.0140 OO
Q135 Nio6oe D (1,1020- 0,0125 D/)

NEcnn pesynbTar ucnbitaHiss 06pasLoB B MOMOXEHAN «12 U» Wn «6 Y» OKas3asiCs Hey[OoBeTBOPUTE bHbIM,
UCMbITaHWe OOMKHO ObITh MPOAO/MKEHO, NOKa He ByAyT MosyyeHbl pesysbTaTbl UCMbITaHWs Ha Cr/lioLwmBaH1e B Noso-
XEHUM «3 U» wn «9 u». [NpensapuTenbHbIi HeYA0B/IETBOPUTE/TbHBIA  Pe3yNbTaT UCTbITaHWS B MOMOXEHAN «12 u»
WK «6 Y» He SBMISIETCA OCHOBaHWEM /11 OTOPaKOBKY.

blMo A.5 SR11 OCT P 53366 crnntowyBaHue 6e3 06pa3oBaHVst TPELLWH A0MKHO GbITb MPOBEAEHO A0 ykasaH-
HOro paccTosiHus unu A0 PaccTosHNsA, pasHoro 0.8500 O. MM. 4To WHbINB.

MpumMmeyvyaHne — O— HOMUHA/bHBIN HapyXHbI AnaMeTp TPYObl, MM: t — HOMUHa/IbHASA TOMLLYHA CTEHKN
TpyGbl, MM.
Moapo6HoCcTH pa3paboTkm hopmysi— cM. cTaHgapThl [ 12— 14].
13.2 WcnbiTaHWe Ha cnouiMBaHMe cBapHbIX TPY6 Ans Tpy6onpoBoAoB

Mpu ncnbiTaHnm ceapHbIX Tpy6 Ansa Tpy6onposogos no FOCT ISO 3183 Ha cnaoLlBaHme paccTosHue
Mexay NAnTaMn paccunTbIBaOT No hopMynam, NpuBefeHHbIM B Tabnuue 8.

Moapo6HocTH pa3paboTku hopmys Ha cnaoLLMBaHMe — cM. cTaHaapT [ 15)

Tabnuya 8— PaccTosHve Mexay NaMTamMu Npu UCTbITaHUN Ha CTIIOLLMBAHVE CBAPHbIX
Tpy6 A4/19 Tpy6OnpoBOAOB

rpynna npo4yHocTKn PaccTtosiHue mMexay cnnowusarowuuMmn nantamm, Mmm
L210 nm A
L245 van B 3.07/(0.07 +3 t/D)

L290 nnmn X42
L320 nnm X46

L360 nnm X52
L390 nm X56
L415 nnm X60
L450 nnm X65 3.05/(0.05+310 )
L485 nnm X70
L555 nnm X80
L625 nm X90
L690 v X100
L830 nnn X120

MpumeyaHune — O— HOMAHANbHBIN HapyXHbIA auameTp Tpy6bl, MM: /| —
HOMVHa/bHast TOMLLMHA CTEHKU TPYGbl, MM
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14 WNcnbiTaTenbHOEe ruapocratMyeckoe faBlieHue

141 WcnbiTaTenbHOe rmgpoctaTtnyeckoe gaBneHne gnatpy6 6e3pesbObl

PacueTHoe rugpoctatuyeckoe gasneHve ANs UCnbiTaHuin Tpy 6 6e3 pe3bbbl BbUNCAAT No dhopmyne (112),
3a UcknYeHneM Tpy6 ansa TpybonpoBoAoB rpynn NPoYHOCTU L175 nunn A25, L210 unu A n L245 nnu B HapyXHbIM
AnameTpom 60.32 MM, 171 KOTOPbIX 3TO iaB/IEHNE YCTaHaB/IMBAETCA MO COrNacoBaHuio MeXay U3roToBUTeNem

nnotpebuTenem.

PacueTHoe rugpocTtatuyeckoe gasneHve P?, MlMa. BbIUMCAAOT N0 cneaytoLLei popmyne

Pb1

(112

rae 0, — HanpshkeHue B MeTaslfie, paBHOe NpoLeHTaM, ykasaHHbIM B Tabnuue 9. OT 3a4aHHOT0 MUHUMa/IbHOTO
npegena tekyyectu o>m MlMa;

t — HOMWHaNbHasA TOMLWMHA CTEHKN TPYObI, MM;
D — HOMUWHaNbHBIA HAPYXHbIA ArameTp TpyObl, MM.
WcnbiTaTensHoe rnapoctaTuyeckoe AaBeHne A0/KHO 6bITb He 60/1ee 4oNYyCTUMOrO rMAPoOCTaTUYecKoro
JaBneHus, ykasaHHoro B Tabnuue 9.

Ta6nuya 9 — MapameTpbl 4719 ONpegeneHns NCnbItaTelbHoro MapoCcTaTMyYecKoro AaBneHns

Ipynna
MPOYHOCTY

L210 wm A
L245 v B

L290 nnmn X42
L320 nnn X46
L36Q nnn X52
L390 nnu X56
L415 nnn X60
L450 nnn X65
L485 nwam X70
L555 nim X80
L625 nnm X90
L690 nnm X100
L830 nnn X120

H40. J55, K55

M65
K72
L8O 1 N80
C90
R95
T95
P110
0125
Q135

HoMmHa bHb I
Hapy*HbI
Aviamvetp
D. mv

60.32—88.90
Cs. 88,90
114.30 n meHee
137,70
168,28 n 219,08
273,05—87,50

508.00 n cB.

244,48 n meHee
273,05 n cB.
Jo6oi
Nio6oi
No6oii
Nio6oii
No6oii
No6oii
Jo6oii
Joboii
Nio6oi

TMPOLIEHTLI OT 3aaHHOTO MAHV
biANLVOro Mpeserna Teky4ect
OXIM} NP1 UCTIbITATESIHHOM

[gBreH
CTaHOAPTHOM  a/lbTepHATVBHOM"

60 75
60 75
60 75
75 B
75

85 B

60 80
60 80
80 B
80 b
80 B
80 B
80 B

80

80

80

aflonyckaetca 6osiee BbICOKOE WCMbITaTeslbHoe [aB/eHue.

b ANbTEPHATVIBHOE VICTIbITATE/IbHOE AaB/IEHVE He NpeyCMOTPEHO.

¢ 6onee HU3KOB MCNbTaTB/IbHOE [aB/EHNe A0NYCKaeTCa TOMIbKO [J19 UCMbITaTeIbHOro 060pyaoBaHus,
TEXHUYECKNE BO3MOXKHOCTM KOTOPOrO OrpaHvyeHbl. VI3roToBUTE b JO/MKEH MMETb JOKYMEHTMPOBaHHOe 060-
CHOBaHuve. rnofTeepxJatoLiee Takme orpaHnyeHus.

d AnbTepHaTMBHOE UCMblTaTeNIbHOE [aBMEHNE, paBHOE PaCYETHOMY.

® Mo cornacoBaHNio Mex/y VM3roToBUTENIEM 1 NnoTpebutesiem win no TpeboBaHnio 3akasa Tpy6bl MOryT 6bITb
MCnbiTaHbl NPY anbTePHATUBHOM UCTIbITATE/IBHOM TMAPOCTATUYECKUM AaBnieHun, ykazaHHoM B TOCT P 53366.
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Jonyctumoe ucrbmaresisHoe

rMapoCTaTV4ecKkoe AaBreHne”.
Mra. He 6oree

CTAaHAAPTHOE  a/bTepHaTMBHOE

7.2

19.3

20,7
20.7 B
20.7 B
20,7 B
20,7 b
20,7 69.0
20.7 69,0
20,7 69,0
69,0e b
69,0e b
69.0e B
69.0e B
69.0e B
69.0e 0
69.0e 0
69,0e d
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14.2 WcnbiTaTenbHoe rmgpoctatnyeckoe AgasneHne Tpyb ¢ pesb6oii n mydtamm

Tpy6bl N8 TPy6ONPOBOAOB C pe3b60i 1 MydhTaMun HapYXHbIM AnamMeTpoM 6osee 168.28 MM UCMbITbIBAKOT
npy TOM Xe rMAPOCTaTUYEeCKOM AaB/IeHNN, YTO U TPY6bl 6e3 pe3b0bl, 3a UCKUeHneM TPY6 HapyXHbIM JuameT-
pom 168,28 MM 1 MeHee, A/15 KOTOPbIX 3TO flaB/ieHne ycTaHaB/IMBaeTCA No COr/lacoBaHMio Mexay N3rotoBuTenem
1 noTpeéutenem.

O6cafiHble N HACOCHO-KOMMNPECCOPHbIe TPY6bl C pe3bboii 1 MydhTamn UCMbITLIBAKOT NPU TOM Xe rmapocTaTyu-
4YeCcKoM faBneHun, 4To n Tpyobl 6e3 pesbObl, 3a UCKNIOYEHNEM Tex c/yyaes, Korga Tpebyetcs 6onee HU3Koe
[aBneHvie 4N NpeAoTBPALLEHNS yTeYek U3-3a HeJOCTATOUYHON CTOMKOCTM K yTeukam Nof AeiicTBUeM BHYTPEHHero
JasneHuns metanna MydTbl UK N3-3a HeAOCTATOUHO CTOWKOCTU K yTeukam nog AeicTBneM BHyTPEHHero AaBe-
HUA B nnockoctu E, nnn E, coegnHeHns, B COOTBETCTBUM C pasaesiom 10.

WcnbiTatensHoe rugpoctaTtnyeckoe Aas/ieHne NpuHMMaeTcs pasHbIM MEHbLUEMY U3 crieflyoLwWwnx gasne-
HWIA: AaBneHunio, paccunTaHHoMy Ans Tpy6 6e3 pesbobl no chopmyne (112) B 14.1. nnn gaenexunto, pasHomy 80 %
BHYTPEHHErO JaB/IeHNsA BO3HUKHOBEHWSA TEKyYeCTN MeTasina MydTbl, paccumtaHHoMy rno popmyne (65) B 10.2. nnm
BHYTPEHHEMY [laB/IEHMNIO NOAB/IEHNA YTEUKN B COEUHEHNI, paccunTaHHoOMY no chopmyre (68) B 10.3.

15 KpyTawmnii MOMeEHT anA o6cafHbiX U HACOCHO-KOMMNPECCOPHbIX TPY6
C TpeyronbHON pe3bbonn

B cooTBeTCTBUM CO CTaHAAPTOM [16]. 4N CBMHUMBAHMS 06CaAHbIX M HACOCHO-KOMMPECCOPHbIX TPY6 peko-
MeHAYeTCS ONTUMasIbHBIA KPYTALLMA MOMEHT, paBHbIii 1% pacyeTHO NPOYHOCTY pPe3b0Obl Ha CPbIB, BbIYNCIEHHOA
no coopmyne (55).

BcooTBeTcTBUU cOCcTaHAapTOM [17]cBMHUMBaAHME 06CaAHbIX M HACOCHO-KOMNPECCOPHLIX TPY6 peko-
MeHAYyeTCA NPOBOAUTL C MUHUMASIbHBIM KPYTALL MM MOMEHTOM, paBHbIM 1 % NPOYHOCTN BUTKOB pe3b0bbl Ha
CpbIB, BbMUCABHHOI No chopmyne (55).

OpHako 60nee NpaBWIbHO MPOBOAUTL CBMHUMBAHME TPY 6 C My TaMU HE N0 KPYTALLEMY MOMEHTY, ano
MOJIOXEHMNIO CBUHYMBAHUSI.

16 WcnblTaHWe Ha HanpaB/feHHbI 3arn6 Tpy6 ana Tpy6bonpoBOAOB, CBAPEHHbIX
AyroBoi cBapkoii nog daocom

16.1 O6LWMe NosoXeHns

Pasmepbl nprcnoco6aeHns (onpasky MM NyaHCOHA) ANS UCNbITAHNSA Ha HanpaBneHHbIV 3arnb Tpy6 Ans
TPy60npoBOAOB, CBapeHHbIX AyroBoii CBapkov nog h1tocoMm, BblUMCAAT no dopmyne (113) B COOTBETCTBUN C
pucyHkom 11.

KpuTtnueckuii pasmep onpasku (MyaHCoOHa) MM. He JO/KEH NpeBbILaTh 3HaYEHUSA, PacCUUTAHHOTO Mo
cnepytolleii hopmysie C OKpyr/ieHMeM Nosy4eHHOro 3Ha4yeHns 4o 1 mm

n - 1-15(0-20

(113)

roe 1.15 — koadhhuUMeHT HEOAHOPOAHOCTU CTPYKTYPbI;
D — HOMUWHanbHbIV HapYXHbIli AuameTp Tpy6bl, MM;
t  — HOMWHaNbHasA TOMLWMUHA CTEHKN TPYObI, MM,

— KoadhdhmumeHT gechopmanmm.
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a Mo HeoGXo4YMOCTU.
b Pe3b60BOe YCTaHOBOYHOE OTBEPCTYE.
C 3aKaneHHble 1 CMasaHHble OMopbl UMK 3aKasIeHHbIE POSVKM.

Agb — PasMep OnpaBKN MyaHCOHA, PaBHbI A abir B ab —BPACCTOSIHAE MEXAY CTEHKaMM MaTpulibl WK Onopamu,
c¢ — paccTosHue He MeHee 22.0 MM. HO He 6onee <7f * 1.6); | — HOMMHa/IbHAS TO/LLUMHA CTEHKV.
rm — paguyc onpasku (MyaHCOHa). ra - paguyc MaTpuLipl

PuvicyHok 11 — Tpricrioco6rieHne A1t UCTIbITaHUs! HA HanpaB/eHHbIi 3arnué
3HaueHne 3aBUCUT OT rpynMbl NPOYHOCTM (Tabnmua 10). a AoN0HUTESIbHbIE pa3Mepbl OnpaBkm (MyaHco-
Ha) BbIYMCAISIOT N0 NPUBELEHHBIM Aasniee hopMyam.

Ta6nuuya 10— KoadhdhmumeHT aechopmauym npy UCMbITaHUN HA HanpaB/eHHbI 3arvb

pynna npoyHocTH KoathdomumeHT aedopmaumm r<rs
L210 vnn A 0.1675
L245 vnn B 0.1375
L290 nnn X42 0.1375
L320 nnn X46 0.1325
L360 nnn X52 0.1275
L390 nnn X56 0.1200
L415 nnn X60 0.1125
L450 nnn X65 0.1100
L485 nnu X70 0.1025
L555 nnun X80 0.0950
L625 wnm X90 0.0850
L690 wnwm X100 0.0800
L830 wmnum X120 0.0675
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Paauyc onpasku (MyaHCcoHa) A5 UCTIbITaHUs! HA HaMpaB/IeHHbIN 3arn6 ra. MM. BbIYUCISIOT N0 chopMy e

ra- (114)

roe KPUTMYECKNI pa3Mep NPUCNOCo6IeHNs A5 UCTIbITAHMSA HA HanpaBeHHbI 3arnb.
PaccTosHne mexay cTeHKaMy MaTpuLbl UM onopamm Npy UCMbITAHUW Ha Hanpas/ieHHbI 3arn6 B9,. mMm,
BbIUYMCASAIOT MO hopmyne
B*A9u+2l*3,2, (115)

roe A9,u— KpUTUYECKUIA pasmep NpMcnocobieHns ANS CNbITaHNA Ha HanpaB/ieHHbIl 3aruo;
t — HOMUWHaNbHas TOMNLMHA CTEHKUN TPYObI, MM.
Pagnyc matpuubl 415 UCNbITAHWA Ha HanpaB/ieHHbIA 3arub b, MM. BbIYMCASIOT N0 hopmMyne

'b* f. (116)
rae B#,— paccTosiHne Mexay CTeHKaMU MaTpuLbl UM onopamMu Npy UCMbITAHUU Ha HanpaB/EHHbIN 3arno.
16.2 WNcxopHble faHHble

16.2.1 3HauyeHun A,,B

3HaueHus £o1d BbiuncsoT no oopmyne (117). npuBefeHHoi BcTaHgapTe [11], nyHkT4a. MoaTBepxae-
HVe 3TN X 3Ha4YeHWi NnpuBeAeHo B cTaHAapTe [12]. 3HaveHus, paccunTaHHble no popmyne (117), okpyrnstoT
o 6nmxaiiwerokpaTHoro 0.0025. 3a ucknoueHnem 3HaveHnii ans rpynn npoyHoctu L360 nnmnX52 n L390 unu
X56. ANSIKOTOpPbIX OKPYI/IeHNEe NPoBOAMNTCSA A0 6avkaliwero 6onbwerokpatHoro 0.0025.

KoadpchuumeHT gedpopmaummn A paccumTbiBalOT N0 crieaytoLlen doopmyne

3000 (0.64)°"2
(145cutnp)° 9 ’
rae (MTmp— 3a4aHHbIi MUHUMasbHBIV NPeAen NPOYHOCTU NPY pacTsxeHun Ansa Tena Tpyoel. MMa.

16.2.2 3HaueHua AgV
3HayeHuns1 3Toro pasmepa, npusegeHHoro B FOCT ISO 3183 (npunoxeHue D). BbluMcAsOT no hopmyne
(113) 1 okpyrNsT B COOTBETCTBUM € Tabnuueli 11.

(117)

Ta6nuuya 11— CraHaapTHble 3Ha4YeHus [NA UCMbITaHWSI HA HaNpaB/eHHbIV 3arv6
T wm
1575 188,0 223,5 266.7 320.0 383.5 459.7 551.2 660.4 792.5

OnucaHue BbiBoga thopmynbl (113) npuBeaeHo B cTaHgapTe [18].

17 OnpepeneHve MUHUMANbLHOTO pa3Mepa 06pas3uyoB ANA UCNbITAHUA
Ha yfapHblil n3rné

17.1 Kputnyeckas TO/LWMNHA CTEHKN

TpeboBaHUs K NOTNOLEHHON 3HEPTNM OCHOBaHbI HA KPUTUYECKOW TONLLMHE CTEHKN n3aenuin. Kputunyeckoi
TONWMHON cTeHKU MYy T Ansa coeauHeHnii SC. LC. BC. OTTM. EU. NU. HKT n HKTB siBnsieTcs TonuuHa
CTeHKM BO BnaguHe npoduns pesbbbl nocepeanHe My Tol, ans coeguHeHnii OTTI n HKM— TonwmHa cTeHkKu
BO BrnafvHe npohuis pe3bbbl B N10CKOCTN TOpLUa TPY6bl, paccuymTaHHble N0 HOMVHA/IbBHOMY HAPYXXHOMY Ana-
MeTpy Myd Tol DM unn Oc 1 HOMUHa/IbHBIM FeOMeTpUYECKUM NapameTpam pesbbbl. Kputnyeckas TonwmHa
CTEHKN My(PT AN pe3bb0BbIX COEAUHEHWUA, NPefyCMOTPEHHbIX HACTOALWMM CTaH4apToOM, ykasaHa B Tabiu-
ue 12. Kputnueckon TONLWMHON CTEHKM AN TPYO ABNSETCA HOMUHaNbHAS TOMLLMHA CTEHKN.

17.2 PacuyeTHas TOJLLMHA CTEHKN TPYOHOI 3aroTOBKN A8 MydT

UTobbl paccuntaTtb HEOO6XO4MMYIO TOMWUHY CTEHKN TPYOHOI 3aroTOBKM 4715 MydpT, K KpUTUYECKONW TOMLWMHE
CTEeHKM My Tbl No Tabnuue 12 cnegyet npubaBuTh BbICOTY pe3b0Obl U pe3ynbTar pasgenuTs Ha 0,875. PaccunTaH-
Hble TaknuM CNOCO60M 3HAYEHNA TOMLLMHBI CTEHKM TPYBHOI 3aroToBkv ANs My T NprBeAeHsl B Tabnuue 13.
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Kputnyeckas TonwmHa CTEHKM CTaHA4apTHbIX MbeT

Ta6bnuuya 12
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17.3 PacueTHas To/lWMHA CTEHKM ANA U3TOTOB/IEHNS NONepeYHbiX 06pasLoB

PacueTHas MMHUMasbHas TOJLLMHA CTEHKW, HEOOX0AMMas A8 TOro, YTOObI U3rOTOBUTb A1 UCMbITAHWS Ha
YAAPHBIA N3rn6 06bIYHbIX MyOT nonepeyHble 06pasLbl NOMHOro pasmepa. 3/4 pasmepa v 1/2 pasmepa, Bkioyas
npvnycku no 0.50 MM Ha MexaHuyeckyt 06paboTKy No Hapy>XHOMY ¥ BHYTPEHHEMY AvameTpam, onpejensiercs
no coopmyne (118) u npueepeHa B Tabnuue 14.

Tabnunyam — TpeboBaHUsA K TOMLUMHE CTEHKW, HEOOXOAMMON ANS U3rOTOB/IEHUA MOMepeyHbIX 06pasLoB s
UCTbITaHUS Ha YAAPHbIA U3rM6 0BbIYHBLIX MydoT
B munnnmetpax

HapyxHbl it
Hapy)KHbli;l anamerp PacuyeTHasn TOoNnuwuHa CTeHKwn, HeOéXOp,I/IMaR ANA N3rotToB/ieHUA
AmaM:Tp Tan coeguens 06L1uHOi nonepeyHbix 06pa3LoB ANA UCNbLITAHWA HA yAapHbIA nM3rné
TpyObl
o My Tl nonwxoro 3/4 pasmepa M2 pa3mepa
Oom paabicpa
NU 107.95 18,54 16.05 13.54
88.90 HKT. HKM 108.00 18.54 16.05 13.54
EU. nkTs 114,30 18,06 15.57 13,06
NU 120.65 17,65 15.14 12.65
HKT.HKM 120.60 17.64 15.13 12.64
101.60
EU. nkTe 127,00 17,70 14.78 12.27
OTTM 114.00 18.09 15.59 13.09
NU 132.08 17,02 14.50 12.01
HKT.HKM 132.10 17.02 14.50 12.01
114,30
EU. nkTe 141.30 16,59 14.10 11.58
SC.LC.BC.oTttm.oT7r 127.00 17,27 14.78 12.27
127.00 SC.LC.BC.ottm.o0TTr 141,30 16,59 14.10 11.58
SC. LC. BC 153.67 16,10 13.61 11.10
139.70
OTTM OTTTI 153.70 16.10 13.61 11,10
146.05 SC.LC.BC.OTTM ,OTTTI 166.00 15.70 13.20 10.70
SC, LC, BC 187.71 15,14 12.62 10,13
168.28
OTTM.OTTTI 187.70 15.14 12.62 10.13
SC, LC. BC 200.03 14.87 12.37 9.87
177.80
OTTM.OTTTI 194.50 14.99 12.50 10.98
193.68 SC,LC.BC.ottm.oTTr 215.90 14.58 12.07 9.58
SC. LC, BC 244 .48 14,15 11.66 9.14
219.08
OTTM OTTTI 244.50 14.15 11.66 9.14
244.48 SC. LC. BC 269.88 13,84 11.35 8,84
OTTM OTTTl 269.90 13.84 11.35 8.84
250.83 OTTr 269.90 13.85 13.35 8.85
SC, BC 298.45 13.56 11.07 8.56
273.05
OTTM. OTTI 298.50 13.56 11.07 8.56
323.85 13,36 10.87 8.36
298.45 SC.BC.ottm
323.90 13.36 10.87 8.36
323.85 SC.BC.ottm.o07TTr 351.00 13.18 10.68 8.18
SC. BC 365.13 13.11 10.59 8.10
339.72
OTTM 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

aPacueTHble TOMLLMHBLI CTEHOK NPUBEAEHBI C YHETOM MPUMYCKOB Ha MexaHn4ecxyto obpabotky: 0.50 MM — rno
BHyTpeHHeMy avameTpy 1 0.50 MM — Mo Hapy)XHOMy AvamMeTpy.
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MUHUMabHYHO TOMLWMHY CTEHKM trrin, MM, HEO6XO4MMYIO /151 M3TOTOB/IEHUS NONEPeYHbIX 06pa3LoB As
UCMbITaHWSI Ha yAapHBbIii N3rn6, paccuuTbIBalOT Mo criegytouleli hopmyne

p5

. £« F«* N
mn " 2 —[([ 2 f - 756.2525 + 1.016 + 10*,. (118)
rae DM— HOMUWHanbHbIV HAPYXHbI AnaMeTp 06bIYHON MydhTbl, MM.
K, — KO3(P(PMLNEHT, paBHbIii:
-1.00 — ansA 06pasu,oB NOMHOTO pa3Mepa:
-0.75— pna obpasuos 3/4 pasmepa:
-0,5— ansa obpasyos 1/2 pasmepa.
17.4 PacuyeTHas ToNWMHA CTEHKN 418 U3TOTOB/IEHUSA NPOAO/bHbLIX 06pa3LoB
PacueTHas TonLWwyHa CTeHKW, Heob6Xxo4Mmas 415 Toro, YTobbl N3roTOBUTL A8 UCNLITAHUA Ha YAapPHbIA U3rnb
06bI4HbIX My(PT NpoAobHbIE 06pas3ubl NOAHOrO pasMepa. 3/4 pasmepa u 1/2 pasmepa, BKIOYas NpuUnycku no
0.50 MM Ha MexaHMn4eckylo 06paboTKy Mo HapyXXHOMY U BHyTPeHHeMY AvameTpam, nonpegensemas no oopmy-
ne (119). npuBeaeHa B Tabnmue 15.

Tab6nuya 15— TpebGoBaHUA K TOMLWMHE CTEHKM, HEOGXOAWMON A/ U3rOTOB/IEHWA NPOAO/IbHBIX 06PasLIOB A/1st
UCMbITaHNS Ha YAApHbIA 13rMb 06bIMHBLIX MydoT
B munnnmeTpax

HapyXHbl it
HapyXHblii AnameTp PacuyeTHas To/lWHA CTEeHKM, Heobxoaumas Ans M3I'OVTOBI'IEHMR
AnameTp Tan coequmeHmm J nonepeyHbix 06pasyoB AN UCNbITAHWA Ha yAapHbIi U3rne*
TPpy6HI My Thbl nonHoro
D 3M pasmepa W pasmepa
°M pasmepa
NU 33,35 11,79 9.27 6.78
26.67 EU 42.16 11.61 9.12 6.63
HKTB 42.20 M.6? 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
4210 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
78,02 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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OKoOHYaHue Tabnwuuysbl 15

. Hapy»Hblii
HapyHbiii anaveTp PacueTHas TOﬂLI%VIHa CTeHKM, HeobxoauMast s MsrgTOBnegrﬂ
A?gygjp Tun coempieHus OBLIHOM nonepeyHbIX 06pasLoB A1 UCTIbITAHNUS! HA YAAPHbIA 13ru
D Mycpre! MonHoro 3/4 pa3mepa 1/2 pa3mepa
Oom pasmepa
oTuw 114.00 11.24 8.74 6.24
NU 132.08 11,20 8.71 6.20
114.30

HKT. HKM 132.10 11.20 8.71 6.20

EU.HkTB 141,30 11,20 8.69 6.20

STC.LC.BC.oTtTm.0TTr 127.00 11,20 8.71 6.22

a PacuyeTHble TOMLWMHbI CTEHOK NPUBEAEHbI C YH4ETOM MPUMNYCKOB HA MeXaHnyeckyto 06paboTky: 0.50 mm — no
BHYTpPEHHeMY gnameTpy u 0,50 MM — MO HapyXHOMY AnameTpy.

MWHUManbHY0 TONWMNHY CTEHKM /T|,, MM. HEOGXOAVNMYIO 4151 N3TOTOBMEHMS NPOAOMbHLIX 06pasLoB ANs
MCnbITaHWs Ha yaapHbIli 3rn6, paccunTbiBaKOT MO creaytollein hopmyne

0.5

O - 249999 - 1,016 + 10%,. (119)

2

rae OM— HOMUHaNbHBbIA HapyXHbIA anameTp My Tl o FTOCT P 53366. mMwm;
I — KO3thhULMEHT, paBHbIii:
-1.00 — gns 06pa3u,oB NOMHOMO pa3Mepa:
-0.75 — pns obpasuos 3/4 pa3mepa:
-0,5— ana obpasyos 1/2 pasmepa.
17.5 Pa3mepbl 06pasLoB A1 UCNbITAHUS Ha yAapHblA N3rné mydT

MuHUMaNbHY0 TOLLMHY 06pa3sL0oB AN UCNbITAHUS Ha yAaPHbIA 3rMb, 0TOMpaembIx OT TPYOHOI 3aroToBKM
ana mydt {cm. 17.2), onpefenatoT No pacyeTHON TONLWMHE CTEHKN, HEO6XO0AMMON ANA N3roToBNEHUS 06pasL 0B
(cm. Tabnuupl 13n 14). 3 1abnuy, 13 n 14 gomkeH 6bITb BbIOpaH HaMG0/bLUMIA N3 BO3MOXHbIX 06pasL0oB ¢ pacyeT-
HO TOJILLMHON CTEHKN MEHEE HOMUHAIBHOW TOMNLLMHBLI CTEHKW UCMbITYEMOW TPYBHOI 3aroToBkM anst MydpT ans
paccmartpusaemoro coefinHeHuns. B tabnuue 16 npusefeHbl MUHUMa/IbHO A0NYCTUMbIE pasmMepbl NonepeyHbIxX
06pa3uos., a B Tabnuue 17 — MUHMManbHO AOMYCTUMbIE pa3Mepbl NPOAO/bHbLIX 06pasyoB. Tabnvupsl 16 n 17
cnyxaT ANna onpefeneHns opueHTaLm u pasmepa 06pasLoB 418 UCMbITAHUA Ha yAapHbI 13rné, Tpebyemoro no
FOCT P 53366.

Tab6bnunuya 16 — MyHUManbHble AONYCTUMbIE pa3mMepbl NonepeyHbix 06pasyoB A8 WCMbITAHWA Ha yAapHblli M3rnb
MycpT

MWHUManbHbIA JONYCTUMbI pa3Mep monepeyHbix 06pas3yoB ANS UCNbITAHUA Ha yAapHbIi U3rneg" *

Hapyx-
HbI i EU BC OTTM oTTr
Ana- NU CMeUM™ gy HKT wxrs  HKM  SMeWT ge Lc  sc cneuns cneun o .o oTTr
metp O anbHas anbHas anbHas  anbHas
MydTa mydTac My Ta' mydrTa'
88.90 12 12 2 34 34
101.60 3/4 3/4 _ 34 34
11430 3/4 3/4 _ 3/4 1
127.00 _ _ —  _ — — 12 12 12 12 _ _ — —
139.70 _ — R — - — 12 12 2 12 _ _ _ _
146.05 _ — _ — - — _ 12 12 12 _ _ 12 12
168.28 _ — — — — — 1 1 1 12 — — 12 12
17780 _ — _ _ — — 3/4 3/4 1 172 — — 12 12
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Hapyx
nbl i
Ava-

meTp O

193.68
219.08
244.48
250.83
273.05
298.45
323.85
339.72
351.00
377.00
406.40
42545
473.08
508.00

*
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MUWUHUMaNbHbIA JONYCTUMBIA pasmep nonepeyHbix 06pa3yoB ANA UCNbITAHUA Ha yAapHbI M3rne" e

EU
cnsyn
anbHas
MmydTa

HKT

HKTB

HKM

8C
cneyu-
anbHas

mydTae

1/2 — o6pasey 1/2 pasvmepa. 3/4 — obpasey 3/4 pa3mepa.
b NPy HEBO3MOXHOCTU M3TOTOBMEHUSA MOMEpPeYHbiXx o6pasyos 1/2 pasmepa HEO6XOAMMO MCMNO/b30BaTL NPO-
A0/bHble 06pasybl.
c Tpe6oBaHus K pasmepy obpasija OCHOBaHbl Ha TOM. 4YTO chneunasnbHble MydTbl N3rOTOBAEHbI U3 TPYOHbIX
3aroToBOK A1 06bIYHbIX MyQT.

BC

LC

SsC

OTTM™M
cneyn-
anbHas
MyhTal

172

1/2

OTTr
cneuu-
anbHasn
mMydTac

1/2

1/2

1/2

OTTM OTTr
3/4 3/4
1 1

1 1

1

1 1

1 _

1 1

1 _

Pa3mep o6pasua ykasaH Mo OTHOLIEHWI0 K 06pasly nosHoro pasmepa: 1— o6pasel nonHoro pasmepa,

MpumeuyaHune — MNonepeyHble o6pasLbl He OTMGPAOT OT MydT, NpeAHa3HaYeHHbIX A1 HACOCHO-KOMMpec-
COPHbIX TPY6 HapyXHbIM AnameTpom meHee 88.90 MM n o6cafHbiXx TPY6 HapyXHbIM AnameTpom meHee 127.00 mMM.

Tab6nuuya 17— MuHUMaNbHbIe 4ONYCTUMbIE pa3mMepbl MPOAO/bHbIX 06Pa3L0B A/15 UCMbITAHWS Ha YAAPHbIN
n3rn6 Myt ans Tpy6 HapyXHbIM nameTpoM MeHee 88,90 MM 1 MyddT AN TPy HapyHbIM AvameTpoM 88.90 Mm
n 6onee, ecim N3roToB/IEHNE NoNepeyHbIX 06pasLos 1/2 pasmepa HEBO3MOXHO

Hapyx
Wbl it

aAva-
meTp O

26.67

33.40

42

48

60.

73.

88

16

26

32

02

90

NU

1/2

1/2

1/2

3/4

MuHUManbHbIA AONYCTUMbI pasMep NPOAONbHbIX 06pa3LoB AN UCNbITAHWA Ha yAapHbli u3rne- *

EU
ConBLUN
anbHas
My Ta'

EU

1/2

3/4

1/2

3/4

3/4

HKT

1/2

1/2

1/2

3/4

HKTB

1/2
3/4
1/2
3/4

3/4

HKM

3/4

3/4

BC
cneyn-
anbHas
My Tal

LC

sC

OTrTAr
cneumn-
anbHas
My Tao

oTTr
cnean
anbHas
My Tac

or7ar OTTI
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OkoH4YaHue Tabnunuybl 17

MUWUHUMaNbHbIA JONYCTUMBI pa3Mep NPOAONbHbLIX 06PAa3L 0B ANA WCMbITAHWA HA YyAapHbIA M3W6" b

; ;:i,,y,:( EU BC OTTM  OTTr
Ana- NU cneun EU  HKT WKkt  wkm  CNEHMT BC LC sc Cnew encuw oy orTr
mypTa MypTa’' MypTa' MydTac

10160 © - a o a ' - - - — 12 - 34 _
11430 @ - a 0 0 ' 34 34 ! 1 12 12 34 34
12700 — - - - - - o 0 d a 12 12 34 34
139.70 — — - _ _ a a d d 12 12 34 34
14605 _ _ - - _ 112 a a 12 3/4 a d
168.28 _ - _ _ _ _ a a d a 12 3/4 a 3
17780 — _ - _ _ - a a d a 12 3/4 4 a
19368 — - _ _ — a a d a 3/4 3/4 d a
219.08 _ _ _ - - a a a d 3/4 a d a

a Pasmep o6pa3ua ykasaH No OTHOLIEHWI0 k 06pa3ly NosHOro pasmepa: 1— o6Gpasel NOMHOrMO pasmepa.
1/2 — o6pasey 1/2 pa3mepa, 3/4 — ob6pasey 3/4 pasmepa.

6 PacyeTHas TO/LMHA CTEHKW HegocTaTouHa AN U3roToBneHWs obpasuos. OAHAKO eCnu TOMLWMHA CTEHKM
Tpy6HOIi 3aroToBKM ANA My(T HECKONbKO 60/blUe pacyeTHOlM, TO MOXeT OblTb U3rOTOB/IEH MPOAO/bHbLIN 0b6pasel,
1/2 pa3mepa.

¢ TpeboBaHua K pasmepy obpasua OCHOBaHbl Ha TOM, YTO creuynasbHbie My(dTbl U3roTOBMEHbI U3 TPYOHbIX
3aroToBOK A1 06bIYHbIX MydhT.

d Ans ucnbiTaHna MydT AO/MKHbI ObliTb M3rOTOB/EHBI NMONEpeYHble 06pasLibl.

17.6 Pasmepbl 06pa3yoB N8 UCNbITAHUA Ha yaapHbIA n3rnb Tpy6

PacueTHas ToNWMHa CTeHKV TPy6bl, He06X0AMMas 418 N3rOTOBIEHNSA NPOAO/IbHbIX U NMONepeYyHbIX 0bpas-
LoB nosiHoro. 3/4 pasmepa n 1/2 pasmepa s UCNbITaHUS Ha yAapHblil n3rnb, npusegeHa B FOCT P 53366.
Tabnunuybl C.22 1 C.23.

17.7 O6pasubl 60nbleEro pasmepa

O6pa3sLbl 60/1bLIEro pasmepa MoryT 6biTb 0TOOpaHbI B CNEAYIOLLNX CyYasX:

a) TO/ILMHA CTEHKN TPYOHO 3aroToBKM A4/15 My(pT 60/1bLUE, YEM paccunTaHHas no 17.2;

b) He NCNO/b3yeTCs MOJHbIA NPUNYCK NOA MexaHuyeckyto 06paboTky 0.50 MM NO HAPY>XHOMY 1 BHYTPEHHEe-
My AvameTpam;

C) AonyckaeTcs NCnosib30BaHve 06pasLoB C KPMBU3HON HapY)XHOV MOBEPXHOCTW, 06yCNOBNEHHO hopMoii
ucxogHoum Tpy6sl (cm. FTOCT P 53366).

17.8 CnpaBoyHas nHopmayus

CnpaBoyHas MHopMaLusa nNo MexaHvke paspyLlleHus, hopmysbl, npumeHsiemble B FTOCT P 53366 ans
pacuyeTa TpeboBaHWii K UCMbITAHWNIO Ha yAapHbIi M3rnb, npuBeaeHsbl B [19]. TpeboBaHMa k nonepeyHbiM 06pas-
uam— Takxke B [19]. Tpe6oBaHus K NPOA0NbHBIM 06pasLaM 0CHOBaHb! Ha TpeboBaHNAX K nonepeyHbIM obpasuam
1 Ha OTHOLLEHNM NPOYHOCTY B NPOAO/ILHOM U NONEPEYHOM HanpaBneHusx, paBHoMm 1.33 — ans rpynn npoyYHOCTM
J55 1 K55 1 2,0 — ansa 6051ee BbICOKMX rpynn NnpoyHocTU. CBA3b K; M NPOYHOCTU Ha yAapHbIli 3rMb BbICOKONPOY-
HbIX cTanei onucaxa B [20].

[JononHutensHble Tpe6oBaHWSA K UCNbITAHUIO HAa YAapHbIA 3rn6 ans Tpy6, npueeaeHHble B TOCT P 53366,
A.9 SR16. 60nblLE OCHOBaHbI Ha 3aJaHHOM MUHMMaJIbHOM MNpejesie NPOYHOCTK, a He Ha 3a4aHHOM MaKCumaslb-
HOM npegene Teky4yecTn MyddT. Takoi BbI6Op 06BACHAETCSA TEM. YTO OXMAAEMbIVi YPOBEHb HANPsHKeHW B Tpybax
06bI4HO HUXE, YHEM YPOBEHb HaNPSXeHUli B MydiTax.
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MpunoxeHune A
(cnpaBoyHoE)

PacyeT TpexmepHoi TekyyecTu Tosa Tpyo6bl

A-1 TpexmepHas TeKyYecTb Tefla Tpy6bl

A.1.1 O6uine nonoxeHnsa

Mpn aHanu3e TpexmepHoi TekyyecTu Tena TPy6bl NCNONL3YOT KpuTepuii hoH Muaeca. Ynpyroe coctosiHue, Begy-
Ljee K BO3HMKHOBEHMWIO TeKy4yecTW, BO3HUKAET NpU HalIoXeHUn cneayrolmx pakTopos:

a) paavanbHbIX U TaHreHuManbHbIX HanpsHKeHWi, onpegensiemMbix no dpopmynam JSlame AN TONCTOCTEHHOTO LU-
nHapa;

b) paBHOMEPHOro OCEBOro HanpshKeHns N60ro NPOUCXOXAEHUS, KPOME HanpsXeHUs nu3rnoa;

C) OCEeBOro HanpshxeHus n3rnba Ans 6pyca TUMOLLEHKO:

d) HanpsxeHus caBura oT Kpy4yeHUs C MOMEHTOM, HanpaBfIeHHbIM MO OCU rpy6bl.

A. 1.2®opMmynbl ynpyroro HanpshkeHus

A. 1.2.1 O6wue nNonoxeHus

B dhopmynax ynpyroro HanpshkeHus, BO3HvKalLlero B Tpybe, npegen ynpyroctu, npeaen nponopumoHanbHOCTH 1
npefen Tekyyectu marepuana cosnagatrot. Mo TekyyecTblo mMeTanna B [aHHOM C/lyyaB MOHUMAKT rpaHuly mexay
YyNpyruM n Heynpyrum CoCTOosiHUA,MA. 3Ta rpaHuua He nMeeT OTHOLWEHUS K CTaHAapTHOMY OnpeAeneHnio NOHATUS MUHW-
MasibHOro npegena Tekydectn. CTaHgapTHoe onpejefieHne, npusegeHHoe B FTOCT P 53366, NpYMeHsIOT ANS pacyeT-
HbIX (POpPMY/I.

MpepgenbHble 3HAYEHUA BO3HWKHOBEHWUA TeKyvyecTu Tena TPybbl — 3TO 3HAYEHUS, NPU KOTOPbIX HAYMHAETCA TeKy-
yecTb. MaTepuan Tena Tpy6bl B LLe/IOM eLie ynpyruii, HO B O4HON UK B HECKOJIbKMX 061acTsaX JocTuraeT npegena Tekyde-
cTu. MoaToMy HanpskeHus, onpegenswoline npejesnbHble 3Ha4eHUA BO3HUKHOBEHUA TeKyvyecTu martepuana Tena Tpy-
6bl. MOTYT ObITb HaieHbl NP NOMOLLU POPMY/, OCHOBAHHbIX Ha JIMHEAHOM yNpyrom noBeAeHUn martepuana.

A. 1.2-2 dopmynbl Jlame

Korga Tpyba HaxoAuTcsa noj AeiCTBMEM BHYTPEHHEro U HapyXHOro AaBfeHuii, pagnanbHoe HanpshkeHue <1, MMa,
1 TaHreHunanbHoe HanpsbkeHue <t,, MMa. Bo3HMKalowWwme B Tesie TpyObl, BbIYNCAAIOT MO caegylowmum dopmynam:

[P{d2- PO& ) - (Pr P 0)"~

B5-A sl
(pd2-p abD2) + (P|-p0) ~ i
= (A2
el o2-d2
roe P, — BHyTpeHHee fasnenune. MMa:

d — BHYTpPeHHWit guameTp TpyObl, paBHblli (O - 21), MM;
D — HOMMWHaNbHbIA HapyXHbll anameTp Tpy6bl, MM;
f — HOMMHanbHas TO/WMHA CTEHKN TPYObl, MM;
PO — HapyxHoe gaBneHue. MMa;
r — pagunanbHas koopgumHata. tf2srs DI2.

ynpyrue pagunanbHble W TaHreHUuanbHble HanpsXXeHWs He 3aBUCSAT OT OCEBOM Harpysku.

A.1.2.3 PaBHOMEpHOE OCeBOe HanpsxeHue

Cwuna TsXecTn BMecTe C APpYrMMU BHELWHUMY Harpyskamu (MU3MeHeHus Temnepartypbl U aBneHuns, crnocob cnycka
B CKBaXVHY W [10.) cO3jaeT oceBOe ycunve Pn, Bbi3blBalollee HanpsxeHne aa. MMa (cocTaBnsiowas 0CEBOro Hanpsxe-
HWS. He Bbi3Baemasi M3rnbom), paBHOMEPHO pacnpejesieHHoe Mo MOoMepevyHOMY CEYEHMWI0 W BbluMcisemMoe No creayio-

wew copmyne
(A.3)
roe Fa— oceBoe ycunue. H;

Ap— naowajb NoNepeyHoro ceveHns Tpybbl, paBHaa ~ (D *-d 2). mMmM2;

D — HOMWHasbHbIA HapyXHbIii AnameTp Tpy6bl, MM;
BHYTPEHHWI1 AnameTp Tpy6bl, paBHblli (D - 21), MM;
t — HOMWHaNbHAA TO/LWMHA CTEHXU TPYObl, MM.

o
|
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B cnyyasx Korga U3BecTHO OCeBOe ycunune, Bbi3BaHHOE UM HanpshkeHue onpegensoT no opmyne (A.3). B apyrux
C/yyasix Korga M3BecTHO OCeBOe HamnpshkeHue, No HeMy HaxofaTt ycunue F3. Tak. ecnu Tpy6a 3alemMeHTMpoBaHa B CKBa-
XUHe. TO ee pacTsXeHue n cxaTue B OCEBOM HanpaB/eHWM HEeBO3MOXHbl. OceBoe HanpsxeHue, a 3HauuT U ocesoe
YyCUNUB ABNAOTCA Torga pyHkuueli nsmMeHeHnsa TemnepaTypbl W AaBneHus. Takum obpas3om, oceBoe HanpshkeHue un
0CeBOe YCWU/IMB ABAAIOTCSA BTOPUYHLIMU, @ HE MEePBUYHLIMU NMepeMeHHbIMU. 8 3TUX caydasx npumeHsoT dopmyny (A.3).

A.1.2.4 HanpsixeHue usrnba

CocCTaBnAOLLY0 OCEBOIO HaMPsSHKeHNA Nb, Bbi3BaHHY n3rnéom. MMa. BbIMNCAAIOT No cnegytouleli hopmyne

Ob=# -j- = +Ecr, (A4)

roe /b — n3rnbarwmin MoMmeHT. H M;

/ — MOMEHT MHepuMn NONepeyHoro cevyeHns Tpybbl, paBHbIN MMm4:

E — mogynb tOHra, paBHblii 206.9 Mla;

¢ — un3rnb Tpybbl — obpaTHaa BenunynHa pagvyca usrmba ocu Tpyobl, pag/m:

r — paavansHas koopauHata di2 <. r < D/2:

d — BHYTpeHHuit anameTp Tpy6bl, paBHbiii (D - 2Q, MM;

D — HOMWHasNbHbIN HapyXHbli guameTp Tpy6bl, MM;

|/ — HOMUWHaNbHasa TOMWWHA CTEHKN TPYy6bl, MM.

3HaK + yka3blBaeT Ha TO. YTO COCTaBAsAOLasA OCEBOr0 HaNpPsXXeHUs, Bbl3BaHHAA U3rMOGOM, MOXET 6biTb MOMOXM-
TeNbHON (NpW pacTsXeHUn) Uam oTpuuaTenbHON (Npu cxaTuu) B 3aBUCMMOCTM OT MOJIOXEHUSA paccMaTpuBaemMoil TOYKU
nonepeyHoro ceveHns. OT u3rnba B TOUKaX NOMEPEYHOro CevyeHus, PacnosioXeHHbIX 6anxe K LLeHTpy paguyca KpuBU3HbI,
4yeM NpofosibHas 0Cb TPYGbl, BO3HUKAKT CXMUMAlOLLME HaNPsHKeHUsi, a B To4Kax MOMNEpPeYHOro CevyeHusi, PacnooXeHHbIX
fJanblue OT LeHTpa pajuyca KpuWBU3HbI, YeM NpoAo/bHas 0Cb TPybbl, BO3HWKAT pacTArnBalnLine HanpsxeHus.

EAvHMLERn n3MepeHns nepeMeHHol ¢ ABnseTcs pajnaH Ha MeTp, YTO He XapakTepHo ANA HedTSHOW W rasoBoi
NPOMbILWNEHHOCTU. Yalle npuMeHseMoli eAnHNLEel n3MepeHnsa nepeMeHHoli ¢ siensetcsa rpagyc Ha 30 m. [na nepeso-
fa efnHuULbl U3MepeHus rpagyc Ha 30 M B pagunaH Ha MeTp npasyto YacTb (hopMy/ibl (6) HAcToALWero ctTaHAaapTa Heobxo-
OVMO YMHOXWTb Ha NocTosiHHyto x/(180 30) nnam 5,8178 « 1(H.

A.1.2.5 HanpsXeHua Kpy4dyeHus

KacatenbHoe HanpshkeHue npu kpyyeHun b,a Mra. geiicTByloliee N0 OKPYXHOCTU NOMNEPEYHOro ceyvyeHuns Tpy6bl,
cocTaBnseT

M.r
=-y-~- (A.5)
rae Mt— KpyTawmii MomeHT. H e m:
r — pagvanbHas koopaumHata dt2 £r1 £ D/2:
d — BHYTpeHHWi guameTp Tpy6bl, paBHblid (D - 2(). MM;
D — HOMUHaNbHbIA HapyXHbli AnameTp Tpyobl, MM;
t — HOMMHanbHas ToNWMHA CTEHKW TPyObl, MM;

/p — NONSAPHbLIA MOMEHT MHEpLMN NONepeyHoro ceyeHusi Tpy6bl, paBHbii W§<o' - A MV4.

A.1.3 ®dopmyna npenenbHbiX 3HAYEHUI TPEXMEPHOI TEKYyUYecTH

A.1.3.1 Obwue nonoxeHus

MpW M3BECTHbIX 3HAYEHUAX BHYTPEHHErO W HAPYXHOTO AABNEHUIi, OCEBOrO YCUAUS, U3rMGAIOLLETO W KPYTSLLETO
MOMEHTOB, 3KBMBANIEHTHOE HanpshkeHue 0B, MIMa. BbIYUCASIOT Mo crnegyouieit hopmyne

oa=[(r? +o’ Y'oa+ob)2-ofoh- or(oa- Ob)-cT*(0a +ab)+3T1T"] . (A.6)
rae o, — paguanbHoe HanpsbkeHue no gopmyne (A.1). MMa:
— TaHreHumnanbHoe HanpshkeHve no gopmyne (A.2), MMa;
0, — COCTaB/AlLWAasA 0CEBOr0 HaNPSHXKEHUs,, He Bbi3BaHHas M3rm6om, no gopmyne (A 3). MMa;

— COCTaB/AoLlWas 0CeBOro HanpsXeHus, Bbi3BaHHaa n3rnéom, no gopmyne (A.4). MMa;
T,a— KacaTtesibHoe HanpshkeHue npu kpyuenun no copmyne (A.5). MMa.
Ycnosue BO3HUKHOBEHUSA TeKyyecTu,
<B=O0Y. (A7)
npy 3TOM 0,, < <y COOTBETCTBYET YNPYromMy COCTOSAHUIO:
0C — 3KBMBAJIEHTHOE HanpsxeHue. Mlla;
af— npegen TekyvyecTn npefcTaBUTENbLHOrO obpasua npu pacTtsaxeHun. Mra.

Mpn oTCyTCTBUM M3rnba 1 KpydeHus Hambonbliee 3HaYeHWe IKBUBANIEHTHOIO HanpshxeHus scerga 6ynet Habno-
[aTbCA Ha BHYTPEHHEN NOBepXHOCTU Tena Tpybbl. Mpu Hanuuuu nsrnbéa Heobxo[MMO YeTbipe pasa NMPoBecTU pacyeT no
thopmyne (A.7): no ogHOMY pacyeTy N8 HapYXHOW 1 BHyTPeHHell NOBEPXHOCTEN ANA KaXAOro U3 BO3MOXHBIX MOMOXU-
TE/IbHOTO U OTPULaTe/IbHOTrO 3HaYeHUi Ob.
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A.1.3.2 CneuunanbHble criydyan KpuTepus Tekyyectu
A.1.3.2.1 [leiicTBUE TO/IbKO OCEBOr0 HamnpsiXeHus

Mpy OTCYTCTBUW BHYTPEHHETO U HApYXHOTO AaBneHuit, u3rnéa n kpydeHusi hopmyna (A.6) ynpoliaeTtcs o cregyio-
Lero BblpaxeHus

cl=ol, (A.8)
rae <t, — 3KBUBANEHTHOE Hanpsbkenue, MMa,
aa— COCTaB/sloLWas OCEBOr0 HanNPsXEHWs, He Bbi3BaHHas U3rm6omM. Mra.

Teky4yecTb BO3HMKaeT TOrAa, Korga 0ceBoe HanpshkeHne CTaHOBUTCA paBHbIM + 0y— npegeny TekydecTu npeacra-
BUTENILHOTO 06pasya npu pacTsKeHuu.

A.1.3.2.2 [lelicTBue BHYTPEHHEr0 1 HapyXHOro JaB/eHWA 1 0CeBOro HanpsXeHus
Mpu oTcyTcTBUM N3rnba u kpyveHusa copmyna (A.6) ynpowaeTcs 40 CnefyloLwero BbipaxeHns

‘e - [Or + - o(rr,- Oroa - <TfOa r (A.9)
TABITC — 3KBUBA/JIEHTHOE Hanpsixenue. MIMa;

¢ — paguanbHoe Hanpsbkenue, MMa;
C* — TaHreHumanbHoe HanpsbkeHue, MMa;
Qq— cocTaBnsioLas 0CEBOr0 HAMPSKEHUs, He Bbi3BaHHas n3rnéom. MMa.

Moactasnas popmynbl (A. 1) n (A_2) n KpuTEpUii TEKYUYECTN Ha BHYTPEeHHell NoBepPXHOCTYN Tena Tpybbl (A.7) B hopmy-
ny (A.9). nonyynm

Pfi2 4 PAD2\  3(PI-P OfD t SN"-PoD2
(A.10)
D2 -d 2 (D2 -d 2)2 “2 D2-d2
mnnn
2 P,d2 - PqOz (P, - POf D2+
oy < +3 n -, (A.11)
D2-d 2 (~-d 2 j
rge a, — npegen TekyyecTu npeacTaBuTenbHOro obpasua npu pactsxeHuun, MMa;

— COCTaB/ALLas8 OCEBOr0 HanpshkeHusl, He Bbl3BaHHas m3rnoom, MMa;
— BHYTpeHHee gaBneHue, MMa;
BHYTPEHHWUIA AnameTp Tpy6bl, paBHblii (O - 2<). mm;
— HOMMWHaNbHbIA HapYXHbI anameTp TpyGbl, MM;

— HOMMWHa/IbHast TONLWMHA CTEHKU TPy6bl, MM;

0— HapyxHoe gasnexve. MMa.

padhmueckum npeactaBneHnem gopmynbl (A.11) sensetca aAaunc ¢ 601bLIoK U Manoii 0CAMU C LEHTPOM B TOUKe
nepeceyeHuns oceii KOOPAUHAT, NoKa3aHHbIi Ha pucyHke A.l.

T~ 7mTVO
|

NMpumeuyaHus

1 Moocnm X —

1(P/Q2 -Pp

ZHOOCMY—zD/t_l sy

PucyHok A-1 — KpuTepuit TekyuecTn Tena Tpy6bl no hoH Musecy npw felCTBUM BHYTPEHHEro
1 HapyXXHOTO 4AB/IEHWUA N OCEBOT0 HaNPSHXKEHUS
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A.1.3.2.3 AnbTepHaTMBHOE ONnvcaHne 061acTu TeKyyecTu
MpegcTaBneHne KpUTEpUsi TEKyHeCT B 3aBUCUMOCTU OT BHYTPEHHETO N HaPYXXHOTO AaB/EHNIA 1 0CEBOr0 Hanpsxe-

HUS MokasbiBaeT, YTO [aBfieHNe W OCeBOEe HanpsKeHue B3aumocCBsidaHbl. PelleHue, npuHAToe B cTaHgapTtax [1] u [2].
3aknoyaeTcsl B TOM. YTOGbl pasfennTb BbipaXeHue AN TeKyYeCTU Ha [Ba OTAeNbHbIX Cryvas npu geicTBun TOMbKO
HapyXHOro faBNeHUs WK TOMbKO BHYTPEHHEro AaB/ieHWs B COYETaHUW C OCEBbIM HanpshkeHuem. Kpome Toro, reomeT-
puyeckuii chakTop, nokasaHHbli B BuAe abcuuccbl Ha pucyHke A.l. npeAcTaBfieH Ha anbTepHaTUBHOW NOBEPXHOCTU
TekyyecTn npu ynpouiernun abeuyuccsl o P, (4Ba BepxHWUX kBagpaHTa) v PO (gBa HWKHWX kBagpaHTa). MonyvyeHHoe npu
3TOM rpadunyeckoe npegcrasneHme HopMysbl TeEKy4ecTn (CM. pUCYHOK A_2) nofo6HO npeAcTaBeHHOMY Ha pucyHke A1,
Ho npu P, = PO = 0 kpuBas KpuTepus TeKy4ecTu He poBHas.

58

MpumeyaHuns
1o ocn X — ocesas Harpyska, kH.
2 Mo ocn Y — pasnexve. MMa.

PucyHok A-2 — KpuTepuii Tekyyectun Tena Tpybbl no hoH Musecy npu feicTBUM BHYTPEHHErO
1 Hapy>XHOro AaBfieHWit U 0CeBOro HanpshkeHust no ctaHaapTy [1]

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

An=Jip* + Ag +

An=(1- fep)aw

A =of - Oy;
o w

dopmyna Ans ABYX HWXHUX KBagpaHToB (P, = 0) umeet BuA

N -*g x(al -4fcAfc)l2
P 2An

An= Apo;
KB:A’B
A = -0j;

2D2
p0" 02-d2°

(A.12)

(A.13)

(A.14)

(A.15)

(A-16)

(A.17)

(A.18)
(A.19)

(A.20)

(A21)
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B o6oux cnyyasx:

P — BHyTpeHHee gaBneHune. MMa;
K4, /Gn K- — MPOMEXYTOUYHble NMepeMeHHble B hopmyne Kputepusa Tekyyectn poH Museca no ctaHgaptam [1] u (2):
*n — reomeTpuyecknii KO3hULMEHT BepxHEro KkBagpaHta B hopmyne KpuTepusi TekyyecTu poH Mwuseca no

cTtaHgapTam [1] u [2]:
— cocTaB/sloWas 0CeBOro HanpshkeHusl, He Bbl3BaHHas u3rn6om, MMa:

oy — npegen Teky4ecTu NpefcTaBUTeNIbHOro obpasua npu pactsxeHun. MMa;
0 — HOMUHaNbHbI HapYXHbI guamMeTp TPy6bl, MM;

d — BHyTpeHHUt gnameTp Tpy6bl, pasHbiii (D - 2t). mm;

1 — HOMMHaNbHas TOMWMHA CTEHKW TPY6Gbl, MM;

AP0 — reomeTpuyecknii koadpPuLUMeHT HUXKHEro kBagpaHTa B hopmyne kpuTepusi TekyyecTn choH Mwuseca no
ctaHgaptam [1] u (2);
Pa — HapyxHoe fasnenue. MMa.
A.1.3.2.4 NpepacTaBneHne 06nactTn TekyyecTn B 3aBUCUMOCTU OT 3(PAEKTUBHOIO HaNPsXeHNs
Ans ynpouwerus dopmyny Ana TeKy4ecT MOXHO NpejcTaBuTb B BUAE 3aBUCUMOCTU OT 3h(PEKTUBHOIO Hanpsxe-
HMA o/, MMa. onpegensieMoro no cnepywuwei popmyne

P,d2 - POD2
fon=o0a- 02_d2 = (A.22)

rae ca — CoCTaBfAloLias 0CEBOro HanpshKeHusi, He Bbl3BaHHaa m3rméom. MMa:
P, — BHyTpeHHee aaBnexue. MMMa;
d — BHyTpeHHUit guameTp Tpy6bl, pasHblit (O - 21). mm;
0 — HOMUHa/bHbIV HapyXHbIi gnameTp Tpy6bl, MM;
1 — HOMWHa/IbHAA TOMLWMHA CTEHKM TPYy6bl, MM;
PO— HapyxHoe gaBneHue. MMa.
B aToM cny4yae akBuBaneHTom hopmynbl (A.11) 6yaeT aBnsaTbeA opmyna

2 _2 3(P| -POfD<
oy (A-23)
~0on+ (D2 - d2)2

roe o, — npegen TekyyecTu npeAcTaBUTeNbHOro obpasua npu pactskeHun, MMa. Ana koToporo rpaduyeckoe npep-
cTaBfieHve 3Toi hopMy bl UMEET BUJ OKPYXHOCTU (pucyHok A.3);

Pr D2 ~ Po
2Toocun Y ~57-

PucyHok A.3 — KpuTepuii Tekyyect no ooH Musecy B 3aBUCUMOCTU
OT 3()(PEKTUBHOTO HAMPSIXKEHWSI NPU LEACTBAN BHYTPEHHErO 1 HAPYXHOrO AaBNEHNi

<€ — aphekTMBHOE HanpskeHune. MMa;

P, — BHyTpeHHee gasneHue. Mla;

PO — HapyxHoe fasneHve. MMa;

D — HOMUWHaNbHbIA HapyXHbIA guameTp Tpy6bl, MM;

d — BHYTPeHHWii gnameTp Tpy6bl, paBHbli (D - 2t). MM;

|  — HOMWHanbHas TOMWMHA CTEHKN TPYGbl, MM.
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A.1.3.3 OrpaHvuyeHuns n gonyeHuns

A.1.3.3.1 O6uwme nonoxeHus

®opmynbl (A.6) 1 (A.7) ocHOBaHbl Ha NPUBEAEHHbIX Aanee A0NyLEeHNAX:

a) KOHLEHTPUYHOCTb U OKPYXHOCTb MOMNEPEYHOro ceyvyeHus Tpyo6bl.

dopmynbl AN paguanbHblX U TaHreHuWanbHbIX HanpsHXeHWid, n3rmba n kpyyeHusa npegnonarailoT, YTO CeveHune
TPY6bl COCTOUT U3 HAPYXXHOW U BHYTPEHHE OKPYXHOCTEW, KOHLLEHTPUYHBIX U UMEeIoLMX NpaBuibHyo opmy:

b) n3oTponHasa TekyyecTb.

Mpegen TekydecTn metanna Tpy6 npegnonaraeTcsi He 3aBUCALWMM OT HanpasfieHus. MpegnonaraeTcsi, 4TO CBOM-
CTBa NPOAO/bHBLIX U NOMepeYHbIX 06pasLoB WAEHTUYHBI, OHX 061aAaloT O4MHAKOBLIMU MOAYNAMU YNPYroctTn U npegena-
MU TEKYyYeCTW MpU PacTSXEeHUU v Cxatuu:

C) OTCYTCTBME OCTATOUHbIX HANPSHKEHUN.

Mpu onpefeneHnun BO3HWKHOBEHUA TeKy4yecTu npeAnonaraeTcs, YTO OCTATOYHbIMWU HaNPSXKEHUAMU OT MPOU3BOL-
CTBEHHOrO npouecca MOXHO npeHebpeus;

d) HeycTONUMBOCTL NONEPEYHOro ceyeHusi (CMSTUE) U NPOAO0JIbHAA HEYCTONUMBOCTL (BbITHYTOCTb).

Mpn Pa > P{BO3MOXHO CMSATME NOMNEPEYHOro CevyeHns n3-3a NoTepu ycToNuMBOCTU elle A0 BO3HUKHOBEHUS Teky-
yecTu. Cnyuaii cMATUS, KOrga HapyxHoe AaBfeHue 6ofblue BHYTPEHHEro, cM. B pasfenie 8. AHaforMyHo npu adl < 0
BO3MOXHa BbITHYTOCTb TPY6bl KaK KO/OHHbI [0 BO3HWKHOBEHWS TeKydecTu, U u3rmbatoline HanpskeHus oT BbIFHYTOCTW
Heo6Xx0A4MMO yUnTbiBaTb NPY NPOBEPKE HA TeKy4ecTb.

A.1.3.3.2 YanvHeHne nog Harpyskoi, npu KOTOpoil onpegensieTcs npegen TekyydecTu

YpanvHeHue nof Harpyskoi, npu KoTOpoi onpefensitoT npegen Tekyvyectn no FOCT P 53366. TOCT P 54383.
FOCTP ISO 3183. And Tpy6 C 3aAaHHbIM MUHMasIbHBIM NpeAesniom TekyyecT 655 MIMa n meHee, NPUHATO paBHbIM 0.5 %.

YAnuHeHWe nof Harpyskoil, npu KOoTOpoi onpeaensieTca npegen Tekyvyectn no FOCT P 53366. TOCT P 54383.
FOCT P ISO 3183. gns Tpy6 C 3afaHHbIM MUHUMaNbHbIM NpeAenomMm TekyyecTn 6onee 655 Mla. onpefensoT ¢ NOMo-
Wbto cnegytouein popmynbl

(A.24)

rae cytn — pgedopmauus, COOTBETCTBYIOWAA 3ajaHHOMY MUHUMANbHOMY Npejeny TeKyvyecTu;
OyTn — 3aaHHblii MUHUMabHbLIA Npefen TekydyecTn Npu pacTsxenun, Mra;

E — mogynb tOHra, ans gaHHoro pacyeTta npuHATHI paBHbiM 193.0 Ma.

PacyeTHoe 3HaueHve F.,mm okpyrnaioT go 6amxaiiwmx 0.005.

A.1.4 dopmyna NPOEKTHON TPeXMepPHOIi TeKyuyecTu Tena Tpy6bl

®opMynly NPOEKTHOW TPeXMepHON TekyyecTu BbIBOAAT U3 BCEX O6LWMX U ynpoLleHHbIX dhopm dopmynbl (A.7) co
cnepylownuMn NU3MeHEeHNAMN:

a) B chopmynax (A.1) n (A.2) gna pacyeTta pagnanbHbIX U TAHFEHUWANbHbIX HANPSHXXEHWI t 3aMeHSII0T Ha K, aul. YTo
HegonycTumo ana cdopmyn (A.3) u (A.5) Ana pacueta OCEBbIX HANPSKEHUA N HANPSXKEHNUA KPYYEHUS;

b) Oy 3aMeHAIT Ha

HasHaueHune thopMysnbl NPOEKTHON TpexMepHoli TeKkyyecTn — OonpeAesinTb HanpsXKeHHOe COCTOsIHMe, NpMBOASA-
Lee K TeKkyyecT metanna Tpy6 B Cnyyas HauxyALMUX CBOWCTB 3TOr0 MeTanna, T. €. NP MUHUMasIbHO A0MYCTUMbIX 3HaYe-
HWAX 3TUX CBONCTB. TOMLMHY CTEHKM TPyObl BCerga npvHUMatoT paBHOV MUHUMAasIbHO AONYCTUMON TO/LMHE CTEHKU Mpu
3KCLUEHTpUCUTETE, AB/MAIOLIEMCA €CTeCTBEHHbIM (DAKTOPOM npouecca npoussoacTBa Tpyo6.

A.2 dopmynbl Jlame BO3HWKHOBEHWA TeKyyecTu Tena Tpy6bl B cyyae, Korja HapyxHoe gasfieHne, n3rmé u
Kpy4YeHue paBHbl HY/10

A.2.1 O6uine nonoxeHusa

dopmynbl flave ANa paguanbHblX U TaHFeHUNaNbHbIX HanPsXXeHW OCHOBaHbl Ha hopMynax TPeXMepHOro pasHo-
BECUSl MOMNEepeyHoro ceyeHuss Tpy6bl B COCTOSHUW NVHEWHOW ynpyroctu. Mockonbky 370 (hOpMy/bl AN TPEXMEPHOro
n3mMepeHns, To OHKM obecneymBaloT Hanbonee TOYHbIN pacyeT HanpsxeHwil B Tpybe. [lanee paccMOTpeHbl ABa BUAA
Takux cpopmyn: Ana Tpy6 C OTKPLITBIMW TOPLAMW, C OCEBLIMU HANPSHXKEHUAMMW, PaBHbIMU HY/O, U ANA Tpy6 C TOpLeBbiM
YNAOTHEHNEM, C OCEBbLIMU HAMNPSHKEHUSIMU OT AeiiCTBUA BHYTPEHHero fjas/ieHNs Ha TopLeBoe YNnioTHeHue.

A.2.2 dopmyna npefesibHbiX 3Ha4E€HU TeKy4yeCcTn ANA Tpy6 C TOPLEBbLIM YN/TOTHEHNEM

BO3HMKHOBEHME TEKy4yeCcTu B TONICTOCTEHHbIX Tpy6ax ¢ TOPLEBLIM YNIOTHEHNEM ABMAGTCA 0CO6LIM criydaem ¢hop-
myn (A.6) n (A.7). Korga OTCYTCTBYIOT HapyxHoe JaBneHune, n3rné n kpyuyenune. OceBoe HanpsxeHue cCo3faeTcs TObKO
felicTBneM BHYTPEHHErO AaBNeHNA Ha TOpLEeBOe yNnoTHeHWe. B aTom cnyyas ahheKTUBHOE HanpsiKeHne PaBHO HYIo
(cm. chopmyny (A.22)].

BHyTpeHHee faBneHne BO3HUKHOBEHWSA TEKy4eCTu B TONCTOCTEHHONI Tpy6e ¢ TopueBbIM ynaoTHeHnem PNLc, MMa.
BbIUMCANAT NO crnegytoleli hopmyne

, N®2-*2)

JUCE So* . (A.25)
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roe 4y — npegen TekyyecTu NpeAcTaBUTENIbHOTO o6pasua npu pacTsxeHun, MMa;

D — HOMVHanbHbIA HapyXHbli gnameTp Tpy6bl, MM;
d — BHYTPeHHUIi anameTp Tpy6bl, pasHblii (D - 21). MM;
f — HOMMHaNbHas TONWMHA CTEHKU TPyObl, MM.

Ha dopmyny (A.25) pacnpocTpaHalTca Te xe fonyuleHnsa u orpaHmnyenms (cm. A.1.3.3). KoTopble OTHOCATCA K
6onee obLwei hopmyne, N3 KOTOPOI OHa BbiBEAEHA.

B dopmyne (A.25) He yuTeHO oceBOe pacTshKeHue, MOCKOJIbKYy OHO CO3JaeTCs BHYTPEHHUM [aB/ieHMeM Ha TopLe-
BOE ynnoTHeHue Tpy6. B 6onee obujem cnyuyas, koraa oCeBOe HanpsXeHne Co3A4aeTcs UHbIMKU thakTopamu, OHO yunTbiBa-
eTcsl KpUTEpPMEM TpexmepHoli TekyyecTu no popmynam (A.6) n (A.7).

A.2.3 dopmyna NpPOeKTHON TekyyecTn 48 TPy6 C TOpuEeBbIM yNJ0THEHNEM

®opmMyny NPOEKTHOW TekyyecTn AnA TPy6 C TOpLeBbIM YNJOTHEHMEM € y4eToM chopmyn Jlame Ans pagnanbHbIX U
TaHreHUNanbHbIX HanpshkeHWin BbIBOAAT U3 hopMynbl (A.9) CO CeaylWwmnMn N3MEeHEeHUSAMU;

a) B chopmynax (A.1) n (A.2) ona pacueta pajuanbHbIX U TaHTEHLMANbHbLIX HANPSHKEHWUIA t 3aMEHSII0T Ha ksia,l. uTo
HegonycTumo Ana cdopmynbl (A.3) AN pacyeTa 0CeBbIX HaNPsHKEHWA;

b) Oy 3aMeHSAT Ha 0>Mm.

OkKoHuatesnbHan topmyna 418 pacyeTa BHYTPEHHEro AaBfieHUsi BO3HUKHOBEHWUS TeKyuyecTu meTasnna TONCTOCTEH-
HbIX TPY6 C TOpPLEBbIM YN/JIO0THEHNEM PYU wuMeeT Buj

yTn

BNC = (A.26)
304 2¢2

[d2-dIMj [d2-d2)2 (02 - d2J(D2 - d*all)

rae oy — 3afaHHblii MUHUManbHbIA NpeAen TekyvyecTu npu pacTskeHun, MMa;
O — HOMWHasbHbIA HapyXHbli gnameTp TpyGbl, MM;
— BHYTPEHHWIA AnameTp TPyObl, paccumTaHHbIl ¢ koadhuLMeHToM kmai, paBHblii (D - 2kAM(). MM;
*wait — KoadhhMLUMEHT, yuNTbIBAOLWNIA YCTaHOBNEHHOE MpefefibHOe OTKAOHEHWe TO/LWMHbI CTEeHKW Tpybbl, pas-
Hbl1 0.875 ANs NpeAenbHOro OTKOHEHMA MUHYC 12.5 %;

t — HOMMWHanbHasa TOMWMHA CTEHKU TPY6bI, MM;

d — BHYTpeHHUiI guameTp Tpy6bl, paBHblii (D - 2<). MM.

CnepfyeT 06patuTb BHUMaHUE Ha TO. YTO UCMO/Ib30BaHNE Pa3HO TOMLWMHbBI CTEHKN AN1S pacyeTa C OA4HON CTOPOHbI
pafuanbHbiX N TaHTeHUMasbHbIX HanpsHXKeHWi, a ¢ APYroil CTOPOHbI OCEBbLIX HANPSHKEHWA uUcknloYaeT BbIBOA 3TOW pac-
YeTHOW hopMy/ibl HeNnocpeacTBEHHO U3 chopMysbl (A.25).

A.2.4 dopmyna npeAenbHbiX 3HAYEHU TeKyyecT TenaTpy6bl C OTKPbITEIMUY TOPLAMUW NPU OTCYTCTBUN HaPYX-
HOTO flJaBNEeHNS N 0CEBOI Harpysku

BO3HMKHOBEHME TeKy4yecTu B TONICTOCTEHHbIX Tpy6ax C OTKPbITbIMW TopLuamu ABAsSeTca 0cobbiM ciayvyaem hopmyn
(A.6) n (A.7). Korga oTCyTCTBYIOT paBHOMEpPHAasa oceBas Harpyska, HapyxHoe AaBfieHue, nsrnb u kpyyetue. B aTom cnyyas
BHyTpEHHee fjaB/ieHNe BO3HWKHOBEHWUA TeKy4YecTu B TONCTOCTEHHON Tpybe ¢ OTKpbITbiMK Topuamu P VLo, MMa. Bbluncns-
10T NO cnegyolleli popmyne

(304- -T " (A-27>

raoe Oy — npefen TekyvyecTu nNpefcTaBUTeNbHOrO obpasua npu pacTsxeHun. Mra;

0 — HOMMWHasbHbIA HapyXHbI AnameTp TPyobl, MM:
d — BHyTpeHHUil guameTp Tpy6bl, pasHbiii (D - 21). Mm;
1 — HOMMWHanbHas TO/MLMHA CTEHKU TPY6bl, MM.

Ha chopmyny (A.27) pacnpocTpaHsloTCs Te Xe AonyuieHnMs n orpaHnyeHuns (cm. A.1.3.3), koTopble OTHOCATCA K
6onee obLeli hopmyne, U3 KOTOPOIi OHa BbiBEAeHa.

B 6onee o6Lem cnydyae, Korfa oCeBOe HanpsKeHWe He PaBHO HYJII0, OHO YUMTbIBAETCS KpUTEPUEM TpexmepHol
TekyyecTn no copmynam (A.6) n (A.7).

A.2.5®opmyna NnpoeKkTHOW TekyyecTn TenaTpy6bl C OTKPbITBIMU TOPLAMU MPU OTCYTCTBUUN HAPYXHOTO faBfe-
HUS N 0CeBOW Harpysku

dopMmyny NpoekTHO TekyyecTn Tena Tpy6 C OTKPbITLIMK Topuamu ¢ ydyeToMm chopmyn Jlame ANs pagunanbHbiX 1
TaHreHumnanbHbIX HanpshkeHWin BbIBOAAT Ha ocHoBe hopmynbl (A.9) co cneaylLWMMU USMEHEHNAMMU;

a) B hopmynax (A.1) n (A.2) ona pacyeta paguasnbHbiX U TaHTeHLMANbHbIX HaNpPsHXKeHUid | 3aMeHsI0T Ha t.

b) av 3ameHslOT Ha
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OkoHuaTenbHasi hopMyna Ansi pacyeTa BO3HUKHOBEHUSI TEKyYeCTH B TO/ICTOCTEHHbIX TPy6ax ¢ OTKPbITbIMU TOpLa-

My PYLo. MIMa. nveet Bug

(A.28)

roe <yTn — 3afjaHHblii MUHUMasbHBIA NpeAen TeKyyecTu npu pactskeHun. MMa:

D — HOMUHa/bHbIA HapyXHbll gnameTp Tpyb6bl, MM;
Mad — BHYTPEHHUI AnaMeTp, pacCUnTaHHbli ¢ KO3 ULMEHTOM ksiaH, paBHbIii (D - 2knnlll). Mwm;
— KO3 (PULUMEHT, YyuuTbIBaKOLWNI YCTAHOB/IEHHOE Mpefe/sibHoe OTK/IOHEHWEe TOJWMHbI CTEeHKU TpyObl, pas-

Hbli 0.875 NS NpefenbHOro OTKNOHEHMA MUHYC 12.5 %;
| — HOMWHaNbHas TOMLWMHA CTEHKW TPyObl, MM:
Mockonbky B hopmyne (A.28) oceBast Harpyska OTCyTCTBYET, TO BO3MOXEH BbIBOJ 3TOW pacyeTHoi hopmynbl (A.28)

HenocpefcTBEHHO n3 hopmynbl (A.27).
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MpunoxeHune B
(cnpaBoyHoE)

PacueT AaBfieHnss N1acTUYeCcKoro paspylieHus

B.1 O6wWwune nonoxeHns

Mpwn BbIBOAE hOpMYN AN1A ONpejeneHnsa CTOKocTu Tpy6 K BHYTPEHHeMYy AaB/ieHU0 pasnnyalT BO3HWKHOBEHWE
TekyyecTn (MpunoxeHune A) N paspylleHue Tena Tpybbl, KOTOpPOe MOXeT OblTb NAacTU4yeckum (BA3KUM) WAW XPYMKAM.
B Tabnuue B.1 npuBedeHbl xapaKkTepucTUKU paspyweHns noj AeicTBUEM BHYTPEHHEro JaBfeHus.

Ta6nunua Bl — XapakTepucTukn paspyweHus nog AeiicTBUEM BHYTPEHHero faBneHus

MpunoxeHue, 0 KOTOPOM

Bog paspyLueHus XapakTepuctuka
A paspy P p npvBefeH pacuet
Mnactuyeckoe paspy- PaspyleHue Tpy6 B MHTEPBa/e NnacTuyeckux gedop- HacToswee npunoxe-
weHune Mauuii. xapakTepHbix A4ns Tpy6 ¢ 4OCTATOYHOW u ycToli-  Hue

4YNBOIA BS3KOCTbIO paspyLlEHUs B cpefe, B KOTOPOI OHK
3KcnayaTupyrTcs

Xpynkoe paspyweHue PaspyweHne Tpy6 B pesynbTaTe pacnpocTpaHeHus MpunoxeHune D
TPeLuHbI

B.2 MnacTuyeckoe paspylieHune Tena 1pyobl

B.2.1 O6uine nonoxeHus

Mo chopmynam NPOEKTHOrO AaBfIEHUS MIaCTUHECKOro paspyLlleHus onpefensatoT akTuyeckoe paspylleHve Tena
Tpy6bl Nof AeiicTBMEM BHYTPEHHEro faBneHus, a (opMysibl TPEXMEPHO TekydecTn (MpunoxeHne A) OTHOCATCS K BO3-
HWKHOBEHWIO nnacTuyeckoin fepopmanum, a He Kk noTepe LEe0CTHOCTU Tpy6bl. Mo hopmMynam NPOeKTHOro fasreHus
NnacTMYeckoro paspyleHns onpeaensoT cnoco6HOCTb Tpy6bl BbiAepXuBaTh BHyTPEHHee AaBieHne 6e3 notepu repme-
TUYHOCTH.

3TN hopmy bl MPUMEHNUMbI TOIbKO B TOM Cflyyae, Korga metann Tpybbl o6nagaeT B AaHHON cpefe [0CTaToOvyHO
BbICOKOI BA3KOCTbIO, MpeBbILlaoLWLeli MUHUMaNbHY0, Tak 4To gedopmauus Tpybbl B AaHHON cpefie HOCUT NAacTUYeckuid,
a He XpynKuii xapakTtep faxe npu Hanuuuu HesHaumTe lbHbIX HECOBEPLUEHCTB.

®opMy/ibl MPOEKTHOrO AaBfIEHNSA MN1ACTUYECKOTO paspylleHns yunuTbiBaT MUHUMAIbHYIO AOMYCTUMYIO TOJMLMUHY
CTEHKN W HapyXHblii AgnameTp Tpybbl, MakcuMasibHyl r1y6uHYy HECOBEPLUEHCTB, HEBbIAB/IEHHbIX CUCTEMON KOHTPONS,
BA3KOCTb paspylleHns u fedopmalnoHHOoe ynpoyHeHne MeTanna, npefesn npoyHoctu Tpy6bl. Mpeaen Tekyvyectn He
OKa3blBaeT HernocpefCcTBEHHOrO BAWSAHUA Ha [aBfieHVne NacTUYecKoro paspylieHus, HO BAWUSET Ha KoaduuneHT yn-
pouHeHus Jl,

®opMynbl MPOEKTHOTO AaBIEHNA NIACTUYECKOTO paspyLleHusi MOryT 6biTb BbiBEAEHbl HA OCHOBE MeXaHWKN paBHO-
Becusi Tpy6bl B COYETaHUN C MOAE/bI0 NNACTUYHOCTU TPYObl U MOJENbl0 BAUAHUSA HeCcOBepLUeHCTB. BbiBog hopMysn He
BXOAMT B 0611aCTb NPUMEHEHNA HACTOALLEro CTaHAapTa, a npusejeH B AoKymeHTax [21) v [22].

®opmMynbl NpefAenbHbIX 3HAYEHW JaBNeHNa NAacTUYeckoro paspylueHus 1 opmMynbl NPOEKTHOTO AaBfeHns nna-
CTMYECKOrO paspyLUeHUsi OCHOBaHbl Ha TPeX B3aMMOCBA3AHHbIX MOSIOXKEHUSX:

a) hopmyne paBHOBeCUS NMIacTUYECKOrO paspylleHns TPpy6bl C U3BECTHLIMW JONYCTUMbIMU MUHUMANbHBIMY 3HA-
YEHUSAMY TOJLWMHBI CTEHKU U HApYXHOro gnamertpa:

b) yMeHbLUEHNN A0NYyCTUM O MUHUMASIbHOW TOMWUHBI CTEHKMN Ha FNy6UHY HECOBEPLUEHCTB, HEBbISAB/IEHHbIX CUCTEe-
MOW KOHTPONS;

C) KpUTEPUU MUHMMANbHON BA3KOCTWU, MPU KOTOPOM MPOWUCXOAWUT NaacTuyeckoe paspyllueHue.

3TN hopMy bl NPUMEHVMbI ANA TPYD, HaXOAAWMXCA Noj AeliCTBMEM JaBNEHUS N OCEBOI Harpysku, HO He npume-
HUMbI ANS OnpefeneHns CTOWKOCT TPY6 NpW ycTanoCTHbIX Harpyskax. BblunTaHne n3 TOMWMHLI CTEHKU TPY6Gbl r1y6UHbI
HEeCOBEPLUEHCTB 1 y4eT BA3KOCTW MeTasna Tpyb OCHOBaHbl HA MexaHVKe paspyLlleHusl, KOTopas CBS3blBAET N3MEPEHHYI0
BA3KOCTb pa3pylueHns J-c o6pasue» Tpyb C pacyeTHOW MHTEHCUBHOCTbLIO HaNpPsKeHU B BepLunHe TpeluHbl (J-uHTerpa-
Nbl) KaK PyHKUMIO OT rNybuHbl HecoseplieHcTB. MogpobHee — cMm. ganee.

[ononHutenoHasa uHgopmauua npusegeHa B [5] u [23].

B.2.2 ®dopmyna npefenbHbiX 3HAYEHUA AaBNE€HUA NNacTUYEeCKOro paspyLleHns gnsa Tpy6bl ¢ TOpLeBbIM yn-
NOTHEHUEM

B.2.2.1 O6wwue nonoxeHuns

Mnactnyeckoe paspylleHne Tpy6 C TOpLEBbIM YNIOTHEHUEM MOA AeACTBUEM BHYTPEHHEro AaBfieHUsi NPONCXOAUT
npu JocTmxeHun gasnenHna PR
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Zkgrtg'n
Pa="g""" (B.1)
e ka, — MOMPaBEHHbIN KO3(IPMLVIEHT, yunTbIBaIOWLMIA AediopMaumio Tpy6 1 fechopmalyioHHOe YNpoYHEHVe MeTansa,
pasHbin (0,5)*b' 1-(1/V3)*h*L
A, — KO3(PULMNEHT YNPOUYHEHUS ANS KPUBOW MCTUHHOTO HanpsikeHus-gedopmanun, NoayyYeHHoW npu ucnbiTa-
HMM Ha OAHOOCHOEe pacTsxeHue (cMm. B.2.3.3);
(0, — TONWMHA CTeHKMU, paccuuTbiBaemas no cgopmyne
Air= Cm .- (B-2)

AN — MUHUManbHas ToMLWMHA CTeHKN 6e3 yyeTa HECOBEPLUEHCTB TUna TPeLuH, MM;

kKa — KO3((PMLMEHT NPOYHOCTU NPW paspyLleHnn, MOyUYEeHHbI No pedynbTatam UCMbITaHWii 1 pasHbli 1.0 — ana
Tpy6 13 ctanu L80 Tvn 13Cr nocne 3akanku W oTnycka (C MapTeHCUTHOW CTPYKTypoii) n 2.0 — ansa Tpy6 nocne
npokaTku v Hopmanusauum; npyv OTCYTCTBMM Pe3ynbTaToB WCMbITaHWi NpPYHUMaeTca pasBHbiM 2.0. 3HaueHue
KoahhuumeHTa AN KOHKPETHOro mMeTanna Tpy6 MoxeT 6biTb YCTAHOBMEHO MPU NPOBEAEHNN UCMbITAHNS;

a — B (hopmyne npefesibHbIX 3HaYeHN — Hanbonblasn akTmyeckas rnybnHa HecoBepLlIeHCTBA Tvna TPeLyMHbl;
B (hopMy/ie NPOEKTHbIX NpeAesbHbIX 3HaYeHU — MaKkCuMasibHasa rnybrHa HecoBepLlUeHCTBa Tuna TPeLuHbl,
HEeBbISIB/IEHHOTO CUCTEMOW KOHTPONS;

g, — npegen NpoYHOCTV NPU pacTsXeHUU npeacTaBuTenbHOro obpasua. MMa;
D — HOMWHaNbHbIA HapyXHbIA AnameTp Tpy6bl, MM.
MpumeyaHne — Ona gaHHOK OpMY bl UCMONL3YIOT hakTuyeckne 3HayeHnsa » N ek, D A, Dmax. Oy. (cav0.
Day0.

Mpu BbIGpaHHOM 3HaAYeHWW K3, NONyYalT cpefHee 3HauyeHWe AasBneHus paspylweHus PIR, nporHo3upyemoe no
ycnoBuAM TekyyecTu Tpecka n hoH Museca gns Tpyb C TopueBbIM ynnoTHeHneM. OHO yuuTbiBaeT gedopmauroHHoe
ynpoyHeHne meTtanna v gecopmauunio Tpyobl BNAOTb A0 paspyLUeHus.

B.2.2.2 Mpepanocbinkn hopmynbl npefesibHbIX 3HAYeHWi

dopmyna npegenbHbix 3HaveHuii (B.1) ocHoBaHa Ha MexaHWkKe paBHOBeCUs Tpy6 C TOPLEBbIM YNIOTHEHUEM,
HaxogAWwmMxesa nof AelCTBYEM BHYTPEHHEro JaBfieHus, ¢ y4eToM AedopMaLyoHHOro ynpoyHeHus. 3ta dpopmyna bbina
BblbpaHa 3 wectn hopmyn (B.28)—(B.33), pesynbTaTbl pacyeta No KOTOPbIM CPaBHMBAIN C pe3ynbTaTaMu paspyLleHns
nosiHomacwTabHbIx 06pasyoB TPy LIMPOKOro psaga rpynn NPOYHOCTM U OTHOWEHUA DM. ®opmynbl U MOAenun nnactuyec-
KOro paspyLueHWsl, NCNOoNb30BaHHbIe ANA UX OLEHKU, npuBefeHbl B B.3. Mo KOMGUHALMM KaXAOR U3 wecTn mopeneii n
MaccuBa AaHHbIX pe3ysbTaTbl CPaBHEHUS Bblpaxanncb B (DOpMe CpeAHero 3HayeHus, cpefHeKkBagpaTUYHOro OTK/IOHe-
HUS 1 KoadhpuumeHTa Bapnaunm OTHOLWEHNS (hakTMYeCKoro U pacyeTHOro faBfeHuit ucnoitaHua. ®opmyna (B.1) gana
Hanb60/bLUYI0 06LLYI0 TOYHOCTb [/1 Pa3HbIX MacCUBOB AaHHbIX, cpefHee 3HavyeHne 1.004 n koadbduuymeHT Bapraummn 4.7 %.

Cpean pesynbTaTtoB WCNbITaHWUIi, UCNOMb30BAHHbLIX AN KOPPEKTUPOBKM hopMysbl paspylieHus, He 6blno ecTe-
CTBEHHbIX HECOBEPLUEHCTB OCTPOI (hOPMbI, HACKO/IbKO OHVM MOTN ObiTb BbISB/EHbI. DTO BMOJIHE MOHATHO, €CNN YUUTbI-
BaTb 4acTOTy NOSIB/IEHUSA TakMX HECOBEPLUEHCTB B Tpybax, nojsepraemMbix KOHTPO0. Takxe B hopmyne npefesnbHbIX
3HAaYeHWn cHayana He yunTbiBaNOCb Hannume HecoBepweHCTB. OAHako B ganbHeiwem dopmyna npeAenibHbiX 3Haye-
HUiA Bblna 0606LeHa, B Hell 6bI10 YYTEHO AeCTBMEe HapYXHOro AaB/ieHNs U 0CeBOro CxXaTus UK PacTsXKeHUs, oTan4a-
loLeecs oT yc/i0BMil ANs Tpy6 € TOPLEBbIM YM/IOTHEHMEM, & Takke Hasmuyme HeCOBEPLLUEHCTB OCTPOI hOPMbI, HEBbISIB/IEH-
HbIX CUCTEMOI KOHTponsA. OnucaHue posn HeCOBEPLLUEHCTB B (DOpMy/ie faBneHns NaacTM4eckoro paspyLlleHus npusege-
HO B B.4.

dopmyna npeaenbHbiX 3HaveHuin (B.1) yumTbiBaeT nonpasky Ha ry6UHY Hambonbluero akTMyeckoro HecoBep-
lweHcTBa Tpy6. Kpome Toro, cyujecTsyeT BEPOATHOCTb U3rOTOB/IEHNSA TPY6 C HECOBEPLLUEHCTBAMU M MUHUMaNnbHON TONLLK-
HOW cTeHkun. Ecnu chopmyny npefenbHbIX 3HAYEHU A UCMONb3YIOT B pacyeTe JaBfeHUs pa3pyLueHust Npu AeTepMUHUCTM-
Yyeckom nogxoge, To Npu aTom npegnonaraetca 100%-Hoe HanMume HecoBepLUeHCTBa OCTPOW hopMbl rAy6UHON, paBHOM
YPOBHIO MPUEMKN.

Ecnun copmyny npegenbHbix 3HadeHuii (B.1) ncnonb3yloT ANS pacyeTa faBneHUs paspylueHus npu BepOATHOCT-
HOM nogxofe, TO pacyeT AO/DKEH YYMTbIBATb YACTOTY MOSIBNEHUS HECOBEPLUEHCTBA OCTPOi hopMbl U pacnpegeneHve
3HauYeHWn TONWMHBI CTEHKM. AHann3 no B.4 nokasan, YTO peAko BCTpevalwlleecs HeCOBEPLUEHCTBO y6WHONR, paBHOIA
YPOBHIO NpremMKn, okasbiBaeT 60siee 3HauMTeNIbHOE BAUSIHME Ha AaBfieHVe pas3pylleHWns, Yem 4acTo BCcTpevarlleecs
HeCOBEpLUEHCTBO MeHblUel ry6uHbl. Mo 3To NpuYMHe NpUMeHeHre BEPOSTHOCTHOrO MoAxoja A/s pacyeTta paspylle-
HMA NPefnoYTUTENIbHO MPU HaM4Mn pefko BCTPEYaloLNXCs HECOBEPLUEHCTB FyOUHOW, PaBHOW YPOBHIO MPUEMKU.

Takum o6pasom, hopmyna npefenbHbiX 3HaYeHnit (B.1) fomkHa BCcerga Bka4yaTb nonpasky Ha rnybuHy Hecosep-
LUEHCTB. a hopMyna npefesibHbIX 3HaYeHU NPy BEPOATHOCTHOM NOAXOAE AO/DKHA y4MTbiBaTb YaCTOTY, C KOTOPOW MOryT
BO3HMKATb HECOBEpLUEHCTBA OCTPOI hopmbl. MpK AeTepMUHUCTUYECKOM Noaxofe B pacyeTe faB/ieHUs paspylleHus
4acTOTy MOSABMIEHNSI HECOBEPLUEHCTB ryOMHON, paBHOW YPOBHIO MPUEMKU, NPUHUMalOT paBHoi 100 %. MNpu BeposATHOC-
THOM nojaxoje B pacuyeTe [AaB/ieHUs pas3pylleHuss YacToTa MOsIB/IEHUSs HECOBEPLUEHCTB [O/KHA ObiTb NPUHATA MO pe-
3ynbTataM KOHTPONS TPyb, KOTOpble y)Xe MOoABeprasimcb KOHTPOIO AaHHON CUCTEMOW KOHTPONS.
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B.2.3jonyuweHns n orpaHnyeHns

B.2.3.1 O6wue nonoxeHuns

®opmyna (B.1) ocHoBaHa Ha npuBefeHHbIX B B.2.3.2 1 B.2.3.3 gonyLieHusx.

B.2.3.2 [locTatoyHas BA3KOCTb MeTanna

[na Toro uTo6bl chopmyna (B.1) 6bi1a NpMMeHMMa, BA3KOCTb MeTanna Tpy6bl fo/MKHA ObiTb HE HUXEe YCTaHOB/EH-
Hoii B TOCT P 53366 1 B gononHuTeNbLHOM Tpe6oBaHun SR16 TOCT P 53366.

X0oTa 0CHOBHO BbiBOA, chopmynbl (B.1) He 3aBMCUT OT DOPMbI KPMBOI HanpsixeHune-gedopmaLms, B OKOHYaTe b-
HOIl (popmMyne npepnonaraeTcs, YTO KpMBasi UCTUHHOE HanpskeHve-gedopmManms MOXeT 6biTb COOTBETCTBYHOLWMM 06-
pa3om mocTpoeHa Ans 605ee 3HaunTeNbHbIX gedopmauunii, npubnmsnTensHo oT 2 % o gedopmalnun, BO3HUKaloLel
npy mMakcumanbHoOW Hadpy3ke. B BuAe crefgyiolieil 3aBUCUMOCTM OT MCTUHHOTO HanpshXeHust oc

aB =Ce?h (B.3)

rae C (B.4)

Kb — KO3 ULNEHT YyNPOUYHEHUS AN KPUBOA UCTUHHOTO HanpsxeHus-geopmauyuv, NOAYHYEHHOW Npu WCAbITAHUN
Ha 0fHOOCHOe pacTsxeHue (cMm. B.2.3.3);
an — npefen NpPoYHOCTU NpW pacTsXeHun npejcTaBuTenbHoOro obpasua. MrMa;
Fy, — norapucpmuuyeckan gegopmayms.
B.2.3.3 KoadhpmumneHT ynpoyHeHnsa Ans KPUMBOIN MCTUHHOTO HanpshkeHus-gedopmauun
Ha obpasue n3 matepvana, ANs KOTOPOro nNpvMeHMMa 3aBUCMMOCTb UCTMHHOE HanpseHue-gedopmauus [dop-
myna (B.3)]. npu ucnbiTaHNM Ha OJHOOCHOE pacTsXeHWe Mpu MakCUMasibHOW Harpyske onpegensertcsa norapudmmyec-
Kaa pedopmauua kak kh. OnTumanbHbli MeTog onpefenexus kh 3aknoyaeTcsi B NOATOHKE (PakTUUECKOW KPUBOIW UCTUH-
Hoe HanpshkeHue-gedopmauymsa nog cdopmyny (B.3) B nHTepsane geopmauuii B npoueHTax Ao gedopmanumn, BO3HMKa-
IoLLeil Npyu MakCcMManbHON Harpyske. MOXHO Takke NpubnusuTenbHO onpeaenutb J1- kak dpakTuyeckyto norapummuyec-
Kyt AechopmaLunio, COOTBETCTBYIOLLYI0O MaKCMManbHON Harpyske npu UCMbITaHUW Ha pacTsXXeHue, XOTA 3TO U MeHee
TOYHbIi MeToq. Ecnv n3BecTeH KoadhuuneHT gecopmaumm £ang Npyu MakCMMasbHO Harpyske, To fiorapudmuyeckas
fedhopmauymsa e* coctaBnset

Eln= 1° (1 + EsM[}) (B-5)

roe By, — norapudmunyeckasn gecopmauyms;
043 — koadhpuumeHT gechopmaymu.

OTHOCUTEeNbHO nosioras hopma KpuBOI HanpshxeHune-geopmanmna B 30He NNACTUYHOCTM ANS 60MbWMHCTBA rpynn
NPOYHOCTU TPY6 HE(PTAHOrO M ra3oBOro copTaMeHTa 3aTpyAHseT onpegeneHune kh aTum meTofoM. B kayecTse elye oaHOM
anbTepHaTWBbl NPKU OTCYTCTBUM MH(OPMaLUK O 3aBUCMMOCTU UCTUHHOE HanpskeHue-gedopmauyna pekomeHgyetcs
1Mcnonb3oBaTh 3HAYeHUs k. NnpuBefeHHble B Tabnuue B.2.

Tab6nunuya B.2— PekomeHayemble k03thMULMEHTbI YNIPOUHEHUA AN (DOPMYbI
NPOEKTHOro faB/eHNa NAacTUYecKoro paspyLieHus

Fpynna npouHocTn

H40 0,14
J55 0.12
K55 0,12
M65 0,12
K72 0,11
N80 0.10
L80 Tun 1 0.10
L80 Tmn 9Cr. L8O Tnn 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 npoyHocTn maTepuana Hew3BecTHa, HO mMartepuan He NojsBepraeTcs 3HAYMTE/IbLHOMY YNPOYHEHWUIO,

TO KO3 (PUUMEHT KN MOXHO OnpeaennTb METOAOM KOppensAumMn no pucyHky B.1. Ycunus, 3aTpayeHHble Ha onpefeneHue
[O/MKHbI YYUTbIBATb TO, YTO A5 06bIYHbIX TPY6 HEPTAHOrO 1 Ta30BOro copTamMeHTa hopmMyna AaBfeHna nnacTnyecko-

ro paspyleHns mMano 4yBCTBUTENbHA K 3TOMY KoaduuneHTy. OAHaKo Npu MUCNOMAb30BaHWM MaTepuana co 3HayuTesb-
HbIM YNPOYHEeHNEeM, Takoro Kak AByxdasHble cTann, Heo6Xo4MMOo onpeaennTb kb TOUHee, YTOObl N3bexaTb 3aBblleHHbIX
3HaYeHUIi NPOEKTHOW CTOMKOCTW K MaacTMyeckomy paspylleHuto. [ins Takux marepuanos 3HaveHust kh moryT gocturats 0,30.

NMpumevyaHus

1Mo ocn X — n3mepeHHoe 3HavyeHue npepgena tekyyectu. MlMa.

2 Mo ocn Y-A*.

3 ObpaboTka 3KCNeprMeHTasbHbIX faHHbIX MEeTOLOM HauMMeHblIUX KBajgpaTtoB pAaeT npsaMmyw kN =0.1693-
- 1.177- 10'4 <. npn koadppuumeHTe Bapuaumm 0.10, rge fc, — KoadPULUMEHT YNPOUHEHNA A4S KPUBOW WCTUHHOrO
HanpsxeHus-gedopmanum, NosyYeHHON Npu UCMbITAHUWN Ha OJHOOCHOE pacTsXeHue; o, — npefesn TekyyecTn npep-
CTaBUTeNbHOro obpasuya npu pacTHXEHUN.

PucyHok B.1 — Koppensuus mexgy 3HauyeHusimn KoadpdpuuneHTa fc, u TUNMYHbIMK
3KCMEPUMEHTA/IbHBIMU AaHHBIMU A1 cTaneil gynn npoyHocTu no Taébnuuye B.2

KoadhchuumeHT kn okasbiBaeT CPaBHUTE/IbHO He3HauuTesNlbHoe BAuAHWE Ha P . HO npeHe6peraTtb UM He cnepyer.
Mpuk paBHom 0.12, nsmeHeHne Ha 14 % npuMBOAMT K M3MEHEHWIO MPOrHO3MPYEMOTO AaB/ieHUsA paspylieHns Ha 1 %.
[Ba martepuana moryt obnajatb 0fjMHaKOBbIM MpeaesioMm NPOYHOCTM, HO eCnn y oAHoro martepuana A, paseH 0.12, To
ero CTOMKOCTb K MnacTuyeckomy paspylieHuio byget Ha 4 % Huxe, YyeMm y Apyroro matepuana ¢ kh. pasHbim 0,06. Mpwn
Bblbope 3HauyeHus kh ana matepuana Tpy6 HETAHOrNO M rasoBOro CopTaMeHTa Mpu OTCYTCTBUU IKCMEPUMEHTasIbHbIX
[aHHbIX OLEeHKa Ku C UCMONb30BaHMEM 3a[4aHHOr0 MUHMMANLHOTO npegena TekyyecTu npu pactskeHun o(TT, fomkHa
6bITb OCTOPOXHO.

B.2.4 Y4yeT BNINAHNA OCEBOT0 PACTSAXEHUSA U HAPYXHOTO AaBneHns

B.2.4.1 O6wwue nonoxeHus

dopmyna (B.1) gna pacyeTa faB/ieHUss MAacTUYECKOro paspylieHus BbiBeAeHa A8 Tpyb ¢ TopueBbiM YNioTHe-
HMeM. OCeBOe pacTsXeHMe KOTOPbIX BbI3blBAETCS TOMLKO BHYTPEHHWUM [aBfieHneMm, [eiiCTBYWUM Ha BHYTPEHHIOW MOo-
BEPXHOCTb TPY6 C ynnoTHeHMeM. 3To 0cobblii ciyyali 6onee obueil cuTyaumm, Npn KOTOpPoi B Tpy6e MOXeT BO3HUKHYTb
paspyliaioliee MakCMManbHoe BHYTPeHHee [aBs/ieHne, Npu OHOBPEeMEHHOM AeiACTBUWN CNy4aliHOro HapyXHOro aasie-
HUS 1 C/ly4aliHOro 0CEBOr0 PacTAXEHUS UM CKaTusa. AT KOMOMHMPOBAaHHbIE Harpy3ku onpejensioT, korga Tpyba ne-
peiifeT B COCTOAAHME TEKy4ecTu W Kakume nnactuyeckne gedopmannn BO3HWUKHYT B Heli K MOMEHTY paspylleHns. MoxeT
6bITb HaligeH hyHaameHTanbHbIVi KpUTEpUin paspyLlatoLei Harpy3ku, HO 3TO yxe 6osiee CnoxHas 3ajada, pellaemas
npy nomowu hopmyn hoH Museca unu Tpecka 418 NOBEPXHOCTU TEKYHECTU B 3aBUCUMOCTU OT OCEBbIX, PafnabHbIX 1
TaHreHunanbHbIX HanpsXeHui.

Kpome TOro, nnactuyeckoe paspylleHne noj feiicTenem faBneHus senseTca npeobnajanwym MexaHuamom
paspylleHuns Tpy6bl TONbKO B TOM C/ly4YaB, KOr4a OCEBOE PaCTSXXEHWEe He CAUWKOM BEenuKo. Mpu 3HauuTeslbHOM OCEeBOM
pacTsXeHUW 1 He3HauMTe/IbHOM BHYTPEHHe».» U36bITOYHOM [aB/ieHMN oceBas Harpyska (npeglecrtsyloujas obpasosa-
HWIO LIENKN 1 0CEBOMY paspylleHunio Tpy6bl) 6yaeT mMakCumanbHON euje A0 JOCTMXKEHUS MaKCUManbHOro AaB/ieHus.
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[Janee npueeaeHbl (HOPMynbl pa3pylieHus noj AeiicTBnem AaBfieHns 1 o6pasoBaHusa LWeNkn npu KOMGUHNPOBAH-
HbIX Harpyskax BMecTe C KpuTepuem, NO3BOMSAKLWMM ONpeAennTb, YTo npousoiigeT paHee. Mpu 3TOM WCNO/Ib30BAHO
noHATNEe «3aP(heKTUBHOE OCEBOE PACTSHXKEHWA», CBA3AHHOE C NMOHATUEM «3ap(heKTVBHOEe OCeBOe HanpsKeHue», npuse-
AeHHbIM B A.1.3.2.4. 3T npnbnnxeHHole opmynbl ANA 3(PEKTUBHOIO OCEBOr0 pacTsXeHUss UMelT 6osee BbICOKYHO
TOYHOCTb MO CPaBHEHUIO C TeopeTnyeckoi chopmynoli (24) HacTosAwero ctaHgapTa. B ctangapTe [3] (NnyHKkTe B.6.2)
npuBefeHO COOTBETCTBME Pe3y/bTaTOB PacyeToB 3KCMEPUMEHTAIbHbIM AaHHbIM Npu AeiCTBUN KOMGUHMPOBAHHOW Ha-
rpy3Kku.

Mpu oTpuuatenbHbiX 3HaYeHUAX 3PPEKTUBHOIO OCEBOr0 PACTSXEHUs, T. €. Npu IPPEKTUBHOM OCEBOM CXaTuw,
Tpy6a rnoxeT 6biTb BbITHYTON’, Kak 1 KONOHHA, YTO 3aBUCUT OT HaAeXHOCTU 6OKOBbIX 0nNop. Ecan BbIFHYTOCTb f0CTATOYHO
ahhekTMBHO npegoTBpalyaloT, To hopmyna Ana paspylweHus nog AeicTBrnem KOMGWHWPOBAHHOW Harpysku 6yget npu-
MeHUMa Takke W npu apheKTMBHOM 0CeBOM cxaTun. OfHaKo NPy 3HAYMTE/TbLHOM OCEBOM CXaTuh BO3MOXHA JIoKalb-
Hasi BbITHYTOCTb CTEHKW TPy6bl, NpUBOAALLAA K ee pa3pylueHuto. Mo3aToMy cyulecTByeT 3HayeHne a¢pheKTMBHOIO 0CEBOTO
cXaTusi, orpaHuynBalroLlee NPYMEHMMOCTb (hOpMY bl paspylieHus noj AeicTBMEM KOMOGWHMPOBAHHON Harpysku.

B.2.4.2 MnacTnyeckoe paspylieHve nog geiictBuemMm KoOMBGUHWPOBAHHOW Harpysku

Mpn HanMuMKM HapyXXHOro AaBMEHNSA 1 OCEBOr0 PaCTSHXKEHUS WU CXKaTusi, OTANYaKOLLLerocs OT CO34aBaeMoro BHyT-
pPEHHUM AaBneHWeM Ha TopueBoe ynnoTHeHue, obuwas ¢opmyna NPOEKTHOro AaB/IeHUS NNACTUYECKOro paspyLlleHus
nveeT Bug

P A = PO+ MuHUManbHoe n3 1/2 (PM +»T> unn Pwm, (B.6)
roe
(B-7)
npun 3Tom
Fa=nt(D-t) <g (B8)
=Fa* Faxt(D-O - " (0° N f1° - 2% f" (B-9)
Fu*=Jd(D- Ooy; (B.10)
I B.11
U D-ta’ (8.11)
.,’.\1 =< j ( prctM + BorT). (CM pucyHok 1); (B-12)
POLL = r - r'_: (B.13)
: B-14
Prol ‘00 p ( )
41~ -1
R = (B-15)
ter = fmin— (B.16)

raoe PRa— PiR ¢ nonpaBKoii Ha 0CEBYH Harpysky U HapyxHoe fasneHune. MMa:
Pir — BHyTpeHHee AaBfieHne npu NaacTUYeckom paspylleHun Tpybbl ¢ TopLeBbiM ynnoTHeHnem. MMa.

PO — HapyxHoe pasnenue, MlMa:

Pa — oceBoe ycunve, H;

t — CpeaHAs TO/MLWMHA CTEeHKW, MM:

#R — pacuyeTHbIli KO3PULMNEHT.

O — HOMUHaNbHbI HapyXHbI guaMmeTp TPy6bl, MM;

I, — COCTaBNfAOLWAas 0CEBOro HanpshKeHusi, He Bbi3BaHHaA u3rn6om. MMa;

67



FOCT P 54918—2012

Fofl — acpdhekTMBHOE OceBoe ycunune. H. T. e. 4NnA cOBepLUEHHbIX TPY6 — ycunune, co3gaioliee oceBoe HanpshxkeHue,
[ONONHUTENIbHEE K HANPSHKEHUIO, CO34aBaeMOMy BHYTPEHHUM W HapyXHbIM AiaBfeHnsaMu B Tpybax c Topue-
BbIM YMIOTHEHUEM.

<0 — npegen NPOYHOCTU MPU pacTaXeHWUW npefcTtasuTenbHOro obpasua. MMa;

#h — koatPPMUNEHT yNnpoUHeHNa AN1A KPUBOW WCTUHHOIO HanpshkeHus-gedopmayuy, NOAyYEHHON NpW MChbITaHUK
Ha 0fHOOCHOe pacTsxeHue (cm. B.2.3.3);

— MWUH/AMAanbHaA TOMLWMHA CTEHKN 6e3 yyeTa HeCOBEpLUEHCTB TUNa TPewuH, MM;

KN — KO3(hhMLUMEHT NMPOYHOCTU NMPW paspyLleHUn, NOMyYEHHbI No pe3ynbTataM WUCMbITaHUi W paBHbli 1.0 — gns
Tpy6 13 ctanm L80 Tmn 13Cr nocne 3akanku 1 oTnycka (C MapTeHCUTHON CTpyKTypoii) n 2,0 — ansa Tpy6 nocne
npoKaTkW ¥ HOpManusauuu; Npu OTCYTCTBUM Pe3ynbTaToB WUCMbITaHW NpUHUMaeTCst paBHbIM 2.0. 3HauveHue
KoathhuumeHTa ANA KOHKPeTHOro metanna Tpy6 MoxeT 6biTb yCTaHOBAEHO NPV NPOBEAEHUN UCMbITaHWS;

a — B thopmyne npegenbHbIX 3HaYEHWn — Haubonblwasa akTnyeckas rny6uHa HeCOBEPLUEHCTBA TUNA TPELLUHBI;
B (POpMy/ie MPOEKTHbIX NpeAenbHbIX 3HAYeHNn — MaKkcuMmanbHasa rnybrHa HecoBepLUeHCTBa Tuna TpeLuHbl,
HEBbISIBIEHHOTO CUCTEMOW KOHTPONS.
MpumevyaHune — [nA gaHHON DOPMynbl UCNONL3YIOT hakTUYeckne 3HauyeHns <
Ha pucyHke B.2 npuegeHo rpacduyeckoe nsobpaxeHune gopmynbl (B.6) COBMECTHO C (hakTuyeckoii KpuBoii pas-
pyLueHus.

T — pa3pyweHue (pakTuyeckoe): 2 - paspyweHue (popmyna (B.6)]: 3 — nepexoaHasa npsamas;
4 — o6pasosaHue weiixn [hpopmyna (B 18)]; 5 - nokanbHas BbITHYTOCTb

MpumeuvaHusn
1 Mo ocn X — Fan/Fuls npn ap(peKkTMBHOM OCEBOM PaCTSXEHUU.
2 Mo ocn Y — (P, - POyPrer npu nepenage AasBneHuii.

PucyHok B.2 — WnnocTpauyus BAnsaHNA athPeKkTUBHOrO 0CEBOr0 pacTsXeHus
1 HapyXHOro iaBfieHNs Ha nnacTuyeckoe paspylieHne Tpy6bl

Ans Tpy6 ¢ TopueBbIM ynnoTHeHMeM 3hekTuBHOE OCeBOe ycunve paBHO Hynw u dopmyna (B.6) cBoguTtca K
cdopmyne (B.1).

dopmyna paspylleHus cnpasefnunea, T. €. paspylleHue nog feiicTBMeM faBfeHWsa npousoigeT Ao obpasoBaHus
Leiikn, ecnu:

Pex ¢

Pri> (B-17)

B.2.4.3 O6pa3oBaHue LIeikn nog AeicTBMEM KOMOUHMPOBAHHON Harpysku
Mpu HanNMuMM BHYTPEHHEro W HapYXHOro AaBneHuii o6was dopmyna ycunus 06pa3oBaHns WENKM UMeeT BUA
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(B.18)
roe

Fa=nt(O- f)<g (B.19)

Pu*iD-t)K
Fon= Fa* POxt (D —t) — 41D -2fdnf: (B.20)
=itf(D-f)oy (B-21)
Pu R gg_““&; (B 22)
(B-23)
A o=4'- - 31-*h, (B.24)

npu atom Fa, — adheKkTMBHOE O0CeBOe ycunue, H, T. e. AN COBEPLUEHHbIX TPY6 — ycunne, co3gatoliee oceBoe Hanpsxe-
HVe. JOMO/THUTESIbHOE K HarnpshKeHUo, co3aBaeMOMy BHYTPEHHUM W HApYXHbIM JaB/ieHUsiMn B Tpybax
C TOPLEBbIM YN/OTHEHNEM;
P, — BHyTpeHHee gasneHune. MMa;
PO — HapyxHoe aasneHve, MMa;
Fa — ocesoe ycunue, H;
| — HOMUHanbHasA TO/LMHA CTEHKN TPYObl, MM;
O — HOMWHanbHbIA HapyXHbl AnameTp Tpy6bl, MM;
0j, — coCTaBfAOLWasA 0CEeBOr0 HanpsXeHus, He Bbi3BaHHasa M3rnbom. MMa;
— npejen NPoYHOCTU NpU pacTsXeHun npepctasuTenibHoro obpasuya. MMa;
— KO3(h(PMUNEHT yNpOUHEHUS ANS KPUBOW UCTMHHOIO HanpshkeHns-gedopmaummn, NoayvyeHHON npu uncnbi-
TaHWM Ha Of4HOOCHOe pacTshkeHue (cMm. B.2.3.3).
Mpu Hynesom AaBneHun achPekTMBHOE OCEBOE YCUIUB PABHO NCTUHHOMY OCeBOMY ycunuio, n dpopmyna (B.18) ans
MakC/MMa/lbHOro0 0CEeBOr0 YCWIUSA CBOAUTCA K npefesny npovyHOCTU.
dopmyna ycuima o6pasoBaHus Weliki cnpaBefnusa, T. €. 06pasoBaHve ek nog AeiicTBUeM AaBfeHUss Npowvc-
XOAUT 10 pa3pyLlEHUs, ecnu:

P - 8. "
miil (B.25)

B.2.4.4 TpaHuua Mexay paspylieHneM nof AeiicTBMEM [aBneHus 1 obpasoBaHueMm Lueliku
CpaBHuBas hopmysnbl (B.6) u (B.18). MOXHO OTMeTUTb, 4TO 06pa3oBaHne Weliky NPONCXoaUT A0 pas3pyLleHUs nog
feiicTBnem pgasneHus, ecnw;

b >3 P«-Po

Fu* 2 Putt ’ (B.26)

3TOT KpUTEpWii, NMokasaHHbI Ha pucyHke B.2 (nosuuwusa 3), onpegenseT rpaHvuy Mexay obpasoBaHueM LWeliku n
paspylieHvem Tpy6bl noA feiicTBMEM AaBNEeHUS.

B.2.4.5 AcummeTpuyHan nokanbHas BbIFTHYTOCTb NOJ AeNCTBMEM KOMOGWHMPOBAHHbLIX HArpy3ok

Kak nokasaHo Ha pucyHke B.2, B MHTepBasie 0CEBOro cxaTusi, T. €. Npu OTpULATENbHbIX 3HAYEHUSAX APeKTUBHOIO
oceBoro ycunus, opmyna (B.6) faeT 3aBbllUEHHOE 3HAa4YeHWe No CpaBHeHWIo C hakTUYeckMM JaBfieHneM nnacTuyecko-
ro paspylieHus 1 npefesbHbIM AaBleHneM, Npyv KOTOPOM MPOUCXOAMT NokanbHasa fedopmauns CTeHKN Tpy6bl.

C uenbio cONMKEHNA KPUBbIX, NOCTPOEHHbLIX NO hakTU4YecKoMy paspyleHuto u no gopmyne (B.6), MoxeT 6bITb
paspaboTtaHa dopmyna Tuna (B.7) ¢ gpyrum koadpuymeHToM ynpoyHeHus kn [hopmyna (B. 15)]. 0gHaKo BbIBOA Takoi
oTAEeNbHON hopMynbl He MMeeT 60/bLIOro NPaKTUYeCKoro 3HavyeHus.
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B.2.5 ®opMy bl NPOEKTHOTO flaBNEeHUS NNAaCTUYECKOTo paspylleHns nobpasoBaHus Weliku
YcnoBus MakcuManbHOW CTOWKOCTU K NiacTuyeckomy paspyLleHuto v o6pa3oBaHuUi0 ek MOXHO MOMyUUTb,
3amMeHUB B hopmynax npegenbHbix 3HaveHuit (B.1). (B.9)—(B.11) n (B.20)—(B.22) TonwuHy cteHku fd, Ha (A"y - Jig|am) n

Ps A2V (X, A - (B.27)
0 “ (*»alll”
rae P,R — BHyTpeHHee faBfieHne npu nNaacTU4eckoM paspylieHuy Tpyobl C TOpUeBbIM ynaoTHeHueM, MIMa;

*dr — nonpaBOYHbIA KO3DULMEHT, yunTbiBatOWMi Aechopmanmio Tpy6bl N AethopMaLoHHOE YyNpoYHeHe mMeTanna;

<*UHN— 3aaHHblii MUHUManbHBIA Npefen NPOYHOCTM Npu pacTshxeHun. MMa;

fertaii — KO3hHMLMEHT, yUnTbIBAIOLWMIA yCTaHOBIEHHOE Npefe/ibHoe OTKNOHEHWE TOMLWMHbI CTEHKW TPY6bl, paBHbIii 0,875

ANA NpeAenbHOro OTKNOHeHUs MUHyc 12,5 %:
t — HOMWHaNbHas TO/LWMHA CTEHKN TPyO6bl, MM;

Ka — KO3(P(PULUMEHT NPOYHOCTU NPN paspyLleHUn, NOMyHYeHHbI No pesynbTatam UCMbITaHUi 1 pasHbli 1.0 — ana
Tpy6 n3 ctanu L80 Tnn 13Cr nocne 3akanku 1 oTnycka (C MapTeHCUTHOI CTPYKTYpoii) n 2.0 — ansa Tpy6 nocne
npoKaTkv U HopmManusauun; npyu OTCYTCTBMM Pe3ynbTaToB WCMbITaHWA NpuHMMaeTcs paBHbiM 2,0. 3HayeHune
KoadhhuumneHTa ANA KOHKpeTHoro metanna Tpy6 MOXeT 6biTb YCTAHOB/IEHO MpW NPOBEAEHWUN UCMbITaHUS;

aMm — rnybuHa HecoBeplUeHCTBa, CONOCTaBMMas C KOHKPETHbIM YPOBHEM MPUEMKU, T. €. Hanbonblas rnybuHa He
COBepLUeHCTBa TUNa TPeLVHbl, KoTopas MOXeT 6biTb MPUHATA CUCTEMON KOHTPONA Kak AOMYyCTUMOE Heco-
BEPLUEHCTBO. MM. Tak, Npu KOHTpose Tpy6 TOMAWMHON CcTeHkn 12,7 MM C ypoBHEM npuemkn 5 % am pasBHa

0.635 mwm;
D — HOMWHasbHbLI HapYXHbIli AnameTp Tpy6bl, MM.
KoatbcpuumeHnt yUnNTbIBAET YCTAHOB/IEHHOE Npeje/ibHoe OTK/IOHeHNE TOJILLMHbI CTEHKKN TPYy6bl 6e3 yueTa Heco-

BeplieHCTB. Ero 3HaueHne mMoxeT 6biTb OTKOPPEKTUPOBAHO, ecnv Apyras MWHUManbHas TOMlWMHa CTeHkM obecneymsa-
eTCs TEXHO/I0rMYECKUM MPOLEeccoM uau TpeboBaHUSMU MOCTaBKM.

HecoBeplueHcTBa Tvna TpewmuH yuynuTbiBaloTCA koaduuneHTom aH. MponssegeHne krasl NpeAacTaBnseT cobon
[lONONHNTENbHOE YMEHbLUEHNE MWUHWMAsbHOW TOMLWMHBI CTEHKW, CBSI3aHHOE C Ha/IMYMEM HEeCOBEPLUEHCTB TUMa TPeLuH,
HeBbISIBIEHHbIX CUCTEMOI KOHTPOASA, U pacnosioxXeHne KoTopbiXx coBnajaeT C MUHUMaSIbHOW TO/LWMHON CTEeHKW. Takos
Hasl0XeHNe MUHMMAasbHON TO/LWMHBI CTEHKM M HECOBEPLUEHCTBA TUMa TPEeLMHbl 3aBUCUT OT 4acTOTbl MOSBAEHUS MUHU-
ManbHOl CTEHKU W HecoBepLUeHCTB OCTPOl (hopMbl U FNyOWUHOI, CONOCTaBUMOI C YPOBHEM NPUEMKU.

Mpu feTepMUHNCTMYECKOM MoAxofe HeobXxo4MMO MPOBOAWUTL pacyeT JaBfE€HUs NNacTUYecKOro paspylleHus ¢
3anacom, npu 3TOM 4acTOTy NOSIB/IEHUSI HECOBEPLUEHCTB NPUHUMAaOT paBHoi 100 % v rny6GUHY HECOBEPLLEHCTB CUMTalT
paBHOI YPOBHIO NPUEMKM.

Mpn BEPOATHOCTHOM MOAXO4e B pacyeTe AaBfieHMs paspylleHus rNyouHy HecoBeplUeHCTBa Takke MpUHMMaloT
paBHOI YPOBHIO MPUEMKMN, HO Y4MTbIBAIOT hakTUYeCKylo 4acToTy NOSBAEHUS MWHMMAasIbHON CTEHKM U HeCOBEpPLUEHCTB
0CTpOI hopMbl 1 ry6UHOW, CONOCTABMMOI C YPOBHEM NPUEMKM.

B.3Bbi60p MoAenn nnacTMyeckoro paspyLeHus

Ana Bei6opa Mofenu nnacTuyeckoro paspyweHus 6bl1 NpoBejeH aHanu3 WecTun mogenein pacyerta. Mpu
OTCYTCTBWUWN HECOBEPLIEHCTB OCTPOI (hOPMbl TakMMUN MOAENs MU ABNA TCA:

- cneunanbHas popmyna bapnoy: (B.28)

D, - UDZ, 42)

- cneumnanbHas popmyna oH Museca: Hr = (B.29)
- chopmyna Knesepa-CTioapTta (cm. (21]. [22]): Pa = M. (B.30)
° ~ ‘min
- cneuyianbHas copmyna Mavicm (em. (24)): PR=m “ finm (B.31)
v o~ ‘min
- cneumnanbHas chop\<yna Mopa: PR = : (8.32)
- hopmyna Hagau: (B.33)
roe PA — BHyTpeHHee fgaBneHue npu naacTuyeckom paspylleHun Tpybbl ¢ TopueBblM ynnoTHeHnem. MMMa:
oW — npepfen NPOYHOCTM NPU pPacTAXEHUU NpepcTaBuTenbHOro o6pasya. MNa:
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| — HOMWHanbHas ToNW NHa CTEHKWU Tpy6bl, Mu:
D — HOMWHaNbHbIN HapPYXHbIA AnameTp Tpy6bl, MM:
Ka, — NnonpaBOYHbIN KO3 P ULUMNEHT, yunTbiBalO Wi gechopmaumnto Tpybbl 1 gedopMaLmoHHOe yNpoYHeHne Me-

Tanna. paBHblit (0.53**1- (1/V?)*h*1;
kh — koadh hMUMEHT YyNPCHHEHUA ANA KPUBON MCTUHHOTO HanpsxeHua-gedopmanmm, Nony4yeHHOW npu ncnbiTa-
HWW Ha OAHOOCHOe pacTsxeHune {cm. B.2.3.3):
— MWHUManbHas TONWNHA CTeHKN 6e3 yyeTa HECOBEPLW EHCTB TUNa TPeLW UH, MM:
d — BHYTpeHHUI gunameTp TpyO6bl, paBHbllii (D - 2t). MMm.

MpumevyaHune — [nA gaHHON DOPMynbl UCNOML3YIOT (hakTuyeckme 3HaveHus /min.

Mo mopenn Kneeepa-CTioapTa npu BblGpaHHOM 3HauyeHuM K3, nonyyawT cpefHee 3HauyeHWe AaBfieHNs paspy-
weHus PR . nporHosnpyemoe no ycnosusm TekyuyecTu Tpecka n poH Museca Ana Tpy6 C TOpPLEBbIM YNOTHEHUEM.
OHO yuynTbiBaeT gedopmMayoHHOE YyNpoyYHeHne meTanna u gedopmauuio Tpy6bl BNIOTh A0 paspylleHus.

Mogenn BbiGpaHbl U3 MHOTUX afibTEPHATUBHbIX MOAENEN pa3pyw eHusi, ONUCaHHbIX B TMTepaType, OHW OTNU-
YyalTCcA fOCTATOYHbIM pasHoo6pasnem, 4TO6Gbl 06ecneynTb TOUHbI i OKOHYATENbHbIV BbIGOP. B HasBaHuax mofje-
neii ykasaHa chamunva nn6o astopa, 1M60 CTOPOHHUKA WX paccMOTpeHuss. TepMUH «cneunanbHoe» ANa NepBbiX ABYX
-MoZefieil o3HauaeT, YTO OHU NPEeACTaBNsAT coboi o606ueHne popmyn TekyuecTu Bapnoy u poH Museca. B
KOTOPbIX NpeAen TekyuyecTy 3amMeHeH npejesioM NMPOYHOCTU U He UMeeT (hyHAaMeHTanbHOro o6ocHoBaHNUA. Taku-
MU Xe ABNATCSA YeTBepTasa W nATaa moAaenn. 3ato TpeTbs U wWecTas moaenu (Knesepa-CTioapTta u Hagawn)
MOTYT 6bl Tb BbiBeJEHbl HA OCHOBE (DyHAaMeHTaNibHblX (PU3NYECKMX MPUHLUNOB, & UMEHHO, UCXOAS M3 Pa3/INUHbIX
cTeneHei npubnnxeHna k hopmynam paBHOBECHOIO COCTOAHWSA, U 3aBUCAT OT npejena NPoOYHOCTU TPy6bl. MOXHO
nokasaTb, YTO ¢opmyna Maiicnu saenaeTcsa ocobeiM cnyvyaem mogenu Knesepa-CTioaprTa.

®opMynbl Mofeneil yunTblBal T TONbKO BHYTPEHHee faBfeHne 6e3 HapyXHOro gasneHuns. Bce dopmysnsbl
npuMeHNMbl K Tpy6am C TOPUEBbIM YNNOTHEHWEM, MO3TOMY BK/IO YAl T 0CeBoe pacTaXeHue, AelicTByll ee Ha
nopuesoe ynaoTHeHue Tpy6bl, paBHOe BHYTPEeHHEMY AaB/eHN0, YMHOXEHHOMY Ha niouwjajb NONEPeYHoro cevyeHus
TPpy6hbl.

PesynbTaTbl pacyeTa no nNpuMBejeHHbIM MOJensM CpaBHUBaNW ¢ pe3ynbTaTaMy WCNbiTaHU Ha paspyleHune
o6cafjHbIX 1 HACOCHO-KOMMPECCOPHbIX TPY6 NONHOTO pasmepa C TOpueBbIM ynioTHeHuem. Mo pe3ynbrtatam cpas-
HeHus 6bina BblGpaHa (hopmyna JaBfeHUs MAacTUYeCcKoro paspylweHns, KOTOPY paclWMpuUan ¢ Uenbio yyeTa Ha-
PYXHOTO faBfieHUs U 0CeBOI Harpysku, oTauvatwl,eiica 0T Harpysku Ha TopleBoe YyNnNOTHEHWE OT BHYTPEHHero
[aBneHns, a Takxe C LUenblo yYeTe B/UAHUSA HeCOBepLW eHCTB OCTPOil hopmMbl (M1acTuyeckoe paspylleHue).

Mopgpo6Hee o BbliGope 3HaueHus /b, B Mmogenn Kneesepa-CTioapra. MacCcMBax fJaHHbiX O paspyweHun Tpyo,
MCNO/Mb30BAHHbIX AN OLEHKN MOAENei paspylleHuns u ux cpaBHeHUs. — B cTaHfapnas [3]. nyHkTel B.3—B.6.

B.4 Ponb HecoBeplweHCTB B (hopMy/ie AaBeHNsA N1acTM4eckoro paspyweHus

®OopMyny NPOEKTHOTO AaBfE€HNS NAacTUYEeCKOro paspyll eHUs peKOMEeHAYeTCs NCNO0Mb30BaTbh TONbKO ANA
Tpy6 C HE3HAUYNTENbHbIM 3KCLLEHTPUCUTETOM U C y4eTOM HeCOBepLW eHCTB [Ny6UHOI, paBHON YPOBHIO NPUEMKH.
dopmyny He cneayeT ucnonb3oBaTh 6e3 yyeTa HecoBepw eHCTB. MNpn geTepMUHMCTMYECKOM noaxoAe B hopmyne
paspyl eHns 3KCLEeHTPUCUTET TPyObl TOJNLW MHOW CTEHKM MeHee HOMUHANbHOW onpeaenstoT N0 MUHUMANbHOM
[ONYyCTUMOW TOoNW MHE CTeHKN. Mpu BEPOATHOCTHOM nogxoje B popmysie paspylwleHns 3KCLEeHTPUCUTET TPy6bl
TONWMWHON CTEHKN MeHee HOMUHaNbHOW onpefensAT No cpefHeMY 3HAYEHUID U CTAHJaPTHOMY OTKJIOHEHUID MU-
HUManbHOW TONW MHBI CTEHKWU MO ANUHE TPYGbl.

Mpn geTepmMuUHUCTUYECKOM Nogxode B (hopmysne pas3pylleHUs HeCOBEPLI eHCTBa OCTPOW (hopMbl yuuTbiBato T
no mMakcumanbHoW rny6uHe HeCcOBepL eHCTB, HEBbIABMEHHbIX CUCTEMON KOHTPONS, T. €. yYnTbiBalo T HECOBEPLIEH-
cTBa rNy6uHOI, paBHOI YypOoBHIO npuemku. MpegnonaraeTcs, 4HTo B KaxXAoWh Tpyb6e nMeeTcs OJHO HECOBEPLL EHCTBO
Takoi rny6uHbl. Mpu TakoM nojxoae NMPUHUMAa T BO BHUMAaHWE HaWxyAlWw Wi cnyyail nosBAeHUS HECOBEPLU eHCTB.

Mpu BEPOATHOCTHOM nogxofe B hopmyne paspyweHs rMy6uHy HecoBepLlW eHCTB OCTPOil (hopMbl Takxe
NPVHUMAalO T PaBHOW YPOBHI MPUEMKNA, HO HAaCTOTYy MOSIBEHUS TaKUX HECOBEPLIEHCTB ONPefensiioT Ha OCHOBe
cTaTucTUUecknx HabnwogeHunit. Mpn TakoM NoAXofe HalMume HeCOBEPLI eHCTB YUYNTbIBAO T B BUAE CPeJHEero 3Ha-
YEHUS N CTAHAAPTHOTO OTKNIOHEHUS 4acCcTOThl NOSABMEHUS HECOBEPLW EHCTB OCTPOW hOpPMbl B KOHTPONMPYEMOIi
Tpy6e. TunuyHasi yactoTa MNOSAB/AEHUS HeECOBEPLW eHCTB BCeX BWAOB NPV NMOBTOPHOM KOHTpPO/ie cOCTaBfsAeT 0T
2% po5 %. Ho yacToTa NOSABAEHNA HECOBEPLIEHCTB OCTPO (hOPMbl MOXeT 6bl Tb HAMHOIO MeHblle, HanpuMmep,
oT 0.5 % pgo 0.05 %. Takas yacToTa NOSABMAEHUA MOXET OKa3blBaTb 3HAYNTE/IbHOE B/INSIHWE HA BEPOSATHOCTb

paspyweHus Tpy6bl Npu onpeAeseHHOM [aBfieHNN.
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Ha pucyHke B.3 npegcTasneHa obujas 3aBUCMMOCTb NPOYHOCTU TPY6 O T XxapakTepa HeCOBepLll eHCTBa.

1 — Tpyba 6e3 TpeLmHbl; 2 — Tpyba ¢ TPELUMHON, BbICOKAs NPOYHOCTb,
3 — Tpyba ¢ TpewwHoli, HM3Kas NPOYHOCTb

MpumeyaHuns
1Mo ocu X — rny6buHa tpew nHsbl, aft.
2MNoocu Y— Pan/P ,at.

PucyHok B.3 — CHWXeHue faBneHus paspylweHus Npu Hanuumm Tpew nHbl Ha yyacTke
C MUHUMANbHON TONW NHON CTEHKHN

Ha pucyHke B.4 npepcTtaBneH NpuMmep Takoil 3aBUCUMOCTU AN o6cafHbiXx TPy6 rpynnsl npoyHocTtn P110
HapyXHbIM gnameTpom 244.48 MM U TONWUHOK cTeHKM 13.84 mm.

“ BnusiHMe HecoBepLUEeHCTBa TuNa TPEeLWWHbl Ha TPYyObl ¢ BbICOKON BS3KOCTbiO

1 — cpeaHas CTOWKOCTb K paspyLlleHuto Tpy6bl 6€3 HeCOBEPLUEHCTBA. 2 — MUHUMa/IbHAA CTOWKOCTb
K paspyLUeHnio Tpy6bl 6e3 HecoBeplleHcTBa. 3 — ouyeHka NO MUHUMaIbHOM TeKy4ecTw.
4 — oueHka TekyyecTw (hopmyna (10)], senenHas Ha koauumeHT 3anaca

MpumevaHnunsn

1Mo ocn X — rNy6uHa Tpew uHbl B NPOLEHTAX O T TOJL UHbI CTEHKN.

2 Mo ocn Y — BHYyTpeHHee pgasneHue. MlMa.

3 flononHutenbHblie Tpe6oBaHusa SR1 n SR2 no FTOCT P 53366. npunoxeHue A.

PucyHok B.4 — BnusiHne HecoBeplIeHCTBA Ha NPOYHOCTb 06cagHbiX TPy6 rpynnbl NnpoyHocTn PUO Hapyx-
HbIM gnameTpom 244,48 MM 1 TONWUHOK cTew n 13.84 mm
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Mpn feTepMUHUCTUYECKOM NOAXOAE B pacuyeTe [aBfeHNa paspylW eHns cnejyeT yunTblBaTb NonpasBKy Ha
HecoBeplweHCcTBa OCTpOVI CbOprI, pacnonoxeHune KOTOpPbIX coBnagaeTt C MUWUHUManbHOW TOI'ILI.LVIHOI7I CTEeHKU.
B aToM cnyuyae onpeAensioT MUHUMaNbHOe AaBneHne paspyllieHns 18 Tpy6, M3roTOBNEHHbIX B COOTBETCTBUMN C
Tpe6oBaHuAMMK 3akasa. lns yyeTa BEPOSATHOCTM TAKOTO COBMAafEHUA HEOGXOAMMO NPUMEHSATb POPMyNy, UCNOMb-
3yemytl npu BepOSITHOCTHOM MOAXOJe.

B.5 PacuyeT CTOMNKOCTM K N/1aCTUYECKOMY pa3pyLleHU0 Npy BEPOSITHOCTHOM noaxoae

B.5.1 O6Lwue NnoNoxXeHns

dakTuueckoe AaBneHne NAacTM4yeckoro paspyLlleHus KOHKPETHOU TpyGbl SBNSieTCA HeonpeAeneHHbIM nokasate-
neM n3-3a B/IMSIHUA MHOTMX CyvaliHbix thakTopoBs. Mpu JeTepMUHUCTMYECKOM MOAXOAe B pacuyeTe AaB/ieHUs paspylle-
HUSi NpeAnonaraeTcs, YTO Bce Takue pakTopbl N3BECTHbI C a6COMOTHON TOYHOCTbIO 1 pacyeTHble (hOPMYJsibl TaKXKe TOUHbI.
PacueT BegeTca C Takum NpeAnofioXeHNeM, 4To ecnu faBfieHe NPeBbICUT pacyeTHYI0 MPOYHOCTbL TPY6bl, TO OHa paspy-
lwnTcs. B aToM cnyyae onpefesieHHOMY MaccuBy UCXOAHbIX MokasaTesieil kayecTBa COOTBETCTBYET eIMHCTBEHHOE fAeTep-
MWHUCTUYECKN NPOrHO3Mpyemoe fasreHue. [na Toro 4Tobbl MPOrHO3 6bl1 4OCTATOYHO HaAEXHbIM U C onpefeneHHbIM
3anacomM, B pacyeTe MCMo/b3ylT HauxyAwWwnii BapuaHT Habopa UCXOAHbIX NokasaTtesneii kayecTBa Tpy6 B COOTBETCTBUM C
TpeboBaHNAMK 3akKasa, YTO OT/IMYaeTCA OT AelicTBUTEeNbHOCTU. PakTUyeckoe AaBfieHNe NNacTUYecKoro paspylueHus
MOXeT ObITb Bbille WU HWKEe MPOrHo3npyemoro. Mpn NnpoekTMpoBaHuy Ana pacyeta [ONYCTUMOrO AaB/i€HUS UCNOSb-
3yl0T Habop HauWXyALMX NCXOAHbIX NokasaTenei kavecTsa.

B oTAnume oT feTepMUHUCTMYECKOrO NOAXO0Aa, BEPOATHOCTHASA OLeHKa MPOYHOCTU NPUHMMAaeT BO BHMMaHWe
Heonpe/feneHHOCTb UCXOAHbIX NokasaTeneil kayectsa W NPUBOAUT K 3aBUCUMOCTU MeXAY NPUIOXKEHHbIM AaBleHUEM U
BEPOSAITHOCTbLIO paspyLlueHuns Tpy6bl. MNpn 3TOM nonyyaloT BEPOATHOE JaB/ieHne N1acTMYyeckoro paspyLlleHuns, a He fasne-
HUWe MNacTUYecKoro paspylleHus Npu HauxyAlell BO3MOXHOW cuTyauuu.

Mcnonb3oBaHne BEPOATHOCTHOW OLEHKM CTOMKOCTM K NaacTuyeckomy paspyLueHuto Tpy6 no3BosseT CHU3WUTb CTOo-
MMOCTb MPOEKTa, eC/n NoTepu OT OTKa30B HEBENIVKM U Nnpuemsiema noBbileHHasAs BEPOATHOCTbL OTkasa. Bmecte ¢ Tem
OHO NO3BO/IAET 06ecneyunTb BbICOKYI HaAEeXHOCTb MPOeKTa, Korga noTepu u npoyne nocnefcTsmsa oTkasa HefonycTUMO
Be/IMKN. Llenb BEPOATHOCTHOrO nojxofa K naacTMyeckomy paspyLleHuto No3BOMISEeT OLEHUTbL BEPOATHOCTL OTKasa Kak
npy AeTEePMUHUCTUYECKNX, TakK W NPU CayyaliHbIX Harpyskax.

[lanee KkpaTko onucaHbl 3Tanbl OLEHKN CTOWKOCTW K MIacTUYeCKOMY pas3pyLueHWto Npu NpoCcTOM BEePOATHOCTHOM
nogxope:

a) onpefenieHne Buaa oTkasa, B JaHHOM C/y4aB — MacTMYeckoe paspylleHue:

b) onpeAeneHne xapakTepucTVKM OTKasa ¥ MaTtemMaThyeckoe BbipaXeHne 3TOW xapakTepucTuki B BuAe (yHKLUU

npeAenbHbIX 3HaYeHUd A(x). NO NpUYMHe KOTOPOI 0Tka3 umeeT mecto, ecnn A(x)<0:

C) co3faHve mogeneil HeonpeAeneHHOCTU NepeMeHHbIX AN X NpU npefefibHbIX 3HaYeHWAX U BO3MOXHOEe 060-
CHOBaHWe 3TUX MoAenell Ha CTaTUCTMYECKOM aHanu3e UCXOAHbIX nokasartenei kayectsa:

d) oueHka BEpOATHOCTM OTKasa B BUJE BEPOATHOCTU TOro, 4TOo A(x)<0. OHa MOXeT 6biTb OCyL|eCTBNEHa NpK
mMofenMpoBaHnm no metody MoHTe-Kapno wnu no metofgam Ha[exHoCTU nepsoro u BToporo nopsigka (FORM/SORM).
[anee nokasaHo npumeHeHne metoga FORM.

B cnyyaB nnacTnyeckoro paspylleHus Tpybbl npefenbHbIMU 3HAUYEeHUSIMU JO/MKHbI CHMTaTLCS 3HaYeHus, onpefe-

NIeHHblE C MOMOLbI0 MYHKLMN NpeAesnbHbIX 3HaveHnidi a(x) = P(x) - Pa<x), rae R{T) — dopmyna, ucnonb3yemas gns

pacueTa AaBfieHus paspyLleHus No pasmepamM 1 YpPOBHIO NPOUHOCTH Tpy6, a Pa(x) — peiicTByowee gasneHue. GyHKLns
npesenbHbIX 3HaYeHN f(X) 3aBUCUT OT BEKTOPA, COCTOSILLEro 13 BCEX CYLLECTBEHHbIX C/yYaiiHbIX NepeMeHHbIX, BUsio-
WKX Ha oTka3. ITU cryyaiiHble NepemeHHble MOTyT BKIouaTb CBOWCTBA MeTanna (Hanpumep, npegensl TeKyyecTu u
NPOYHOCTM), TEOMETPUYECKME MapaMeTpbl (Hanpumep, TONWMHA CTEHKM), HArpysku (Hanpumep, MakcumanbHoe AaBre-
HUe. koTopoe 6yfeT AelicTBOBaTbL B TeueHMe Cpoka aKCnayatauuu TpyG) Unn HeonpeaeneHHoCTb ugeanusannn Mogenu.
MpeaenbHble 3HAYEHUS AENAT NPOCTPAHCTBO BCEX BO3MOXHbIX BApPMAHTOB Ha ABE yacTu: 6e3onacHas 4acTb, B KOTOPOM
He npou3oiifeT 0Tkas, W YacTb, B KOTOPO NMPOW30MAET OTKa3.

McxoaHble nokasaTenu kauecTBa npefesfibHbiX 3HAYeHUA X MOAENUPYITCA Kak cryvaiiHbie nepemMeHHble. B Tom
C/yuaB, KOra BCE MCXOAHbIE MOKa3aTe/in kauecTBa B3aMMHO HE3aBUCUMbI, KXXAOMY UCXOAHOMY MOKAs3aTesto Kayectsa
npucBamBaeTCs COOTBETCTBYIOLLAA (PYHKUMA pacnpefeneHns BeposiTHOCTU. ITW (IYHKLMU pacnpesesneHns BeposiTHOCTU
[O/MKHbI 6bITh OCHOBAHbI HAa CTATUCTUYECKOM aHann3e pesy/ibTaTtoB U3MEpPEHUst UCXOAHbIX nokasartesieii kadectsa. Mc-
XOfHble MOoKa3aTeNn KauyecTsa, UCMOMb3yeMble 4151 MOLENVPOBaHWSI HEONPEeeneHHOCTe ngeanusannm, OMKHbI 6biTb
MO BO3MOXHOCTW OMpejesieHbl N0 pesyfibTataM M3MEepeHusi PakTUUECKUX WKW MO MPOTHO3WPYEMbIM HAarpyskam uam
NPOYHOCTH.

Mpy N3BECTHOM NpPeAesibHOM 3HAYeHUN U BEPOSITHOCTHOM MOAXOAE KaXAOro U3 UCXOAHbLIX MokKasaTtesieil kauecTsa
BEPOSITHOCTL OTkasa Pf coctaBnser

Pf= f f(x)dx.

giTxo (B-34)
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roe /(F) — dpyHKUMS NAOTHOCTM CyMMAapHOK BEPOSITHOCTU NepeMeHHbIX BekTopa I.
8{7) — yHKUMs npefenbHbIX 3HAYEHWN;

X ~— BEKTOP C/lyyaiHbIX NepeMeHHbIX.

O6bIYHO HEBO3MOXHO HaTU NOMHOE pelleHWe MHTerpana BeposTHOCTU, obecneynBaloliee onpefesieHne Bepo-
ATHOCTW NIACTUYECKOro pas3pyLlleHns npu KOHKPETHOM AaBfieHun. Ha npakTuke Ans OUEeHKN BEPOSATHOCTM OTkasa uc-
Nofib3y0T VMHble METOAbl, a He NpAMoe MHTerpuposaHne. Hanbonee 06bIYHLIM ABMSIETCA MOJENIVPOBAHNE METO0M
MoHTe-Kapno, KoTopblii, 0AHaKo, He pekoMeHAyeTca ANA peAkux cobbiTuii {BepoATHOCTb nosiBNeHns — meHee 0.001).
TakMx Kak nnactmyeckoe paspylleHue Tpyobl, U3-3a 3HAYUTENIbHOTO 06bemMa pacueToB, HEOBXOAUMbIX /1 OLEHKM Ma-
Noli BEPOATHOCTM OTkasa. MNpu He3HaunTeNbHbIX BEPOATHOCTAX MCNOAb3YIOT Apyrne meTtogbl, Takne kak FORKVSORM.
MeTo/ ueHTpanbHOro MmomeHTa laycca, 0 KOTOPOM peub WAeT fasnee, ABNAETCA O4HUM U3 METOL0B OLEHKN BEPOATHOCTMN
oTkasa. 3TOT MeTod He OCOBEHHO TOYEH, HO MOXeT ObiTb UCMO/b30BaH ANA NPUGAN3NTENbHOW OLEHKN BEPOATHOCTU
oTKasa v A1 U3yYeHUss YyBCTBUTE/IbHOCTU [JaHHOro NpoekTa K pa3HbiM UCXOAHbIM MokasaTtensM kavyecTsa. Kponto Toro,
B OT/iMyne oT MeTogoB FORM/SORM unu meToga MoAeNMpoOBaHUsA, METOA LeHTpasbHOro MomeHTa laycca 3aBuCuT
TO/IbKO OT CpeAHero 3HayeHuss U CTaHAAPTHOro OTK/IOHEHUS Pas3fINUHbIX UCXOAHbIX NepeMeHHbIX, BC/1eACTBME Yero OH
MOXeT ObITb /1eN<0 MPUMEHMUM.

OnpefenexHne BepPOSATHOIO AaB/ieHUs pa3pylleHnss OCHOBAHO Ha [eTePMUHUCTUYECKOM MOAXOAe K onpeeneHuno
faBneHnsa PR. yuuTbiBalolWeMy BANSTHUE HECOBEPLUEHCTB OCTPON hOpMBI.

2X]-. Ay (Tt T, (B35)
0 ~ (fmIn ~ *a eN)
roe PT — BHyTpeHHee AaB/ieHune Nnpu NaacTM4eckoM paspylleHun Tpybbl ¢ TopueBbiM ynnoTHeHneM. MMa;
Ka, — MNonpaBOYHbIli KOAPULMEHT, yuuTbiBaOWMA edopmanymio Tpy6bl 1 fedopMaunoHHOe yNpoYyHeHne MeTasna,

paBHbI  (0.5)* *1+ (1 V3> o1;

Kb — KOIWMULMEHT YNPOYHEHUS ANA KPUBOW MCTUHHOTO HanpshkeHus-gedopmMaunmn, noayyeHHON Npyu UchbiTaHnm
Ha 0HOOCHOEe pacTaxeHue (cMm. B.2.3.3);

g, — MpeAen NpoYHOCTU MpU pacTsXeHun npeAcTaBuTenbHOro obpasuya. MMa;

fmn— MuHMManbHas ToNLWMHA CTEHKM 6e3 yyeTa HECOBEPLUEHCTB Tuna TPeLuH, Mw;

Ka — KO3(hhMUMEHT MPOYHOCTM NpPU pas3pyLeHUn, NOJTyHEHHbI NO pe3ysibTatam WCNbITaHW U paBHbll 1.0 — gnsa

Tpy6 13 cTanm L80 Tvn 130 nocne 3akasku v oTnycka (C MapTEHCUTHON CTpyKTypoil) n 2.0 — ana Tpy6 nocne
npoKaTkn M HOpManu3auun; Npu OTCYTCTBMM Pe3y/ibTaToB MUCMbITAHWIA NPUHMMaeTcs paBHbiM 2.0. 3HayeHune
KosthprumeHTa 418 KOHKPETHOro metasnnia Tpy6 MoxeT 6biTb YCTAHOB/IEHO MPU NPOBEAEHUN UCMbITAHUS;
aN — rnybuHa HecoBepLUEHCTBA, CONOCTaBUMas C KOHKPETHLIM YPOBHEM NpUemku, T. e. Hanbosnblas raybuHa Heco-

BepLUeHCTBA TUNa TPeLMHbl, KOTopas MOXeT 6biTb MPUHSATA CUCTEMOW KOHTPONA Tpy6 Kak fOMyCTUMOe Heco-
BEPLUEHCTBO, MM. Tak. Mpu KOHTpose Tpy6 TO/MWMWMHOW CTeHkn 12.7 MM C ypoBHeM npuemkun 5 % aN paBHa
0.635 mm;

D — HOMWHaNbHbIV HapyXHbli gnameTp Tpy6bl, MM.

MpumeyaHune — [na gaHHON hopMynbl UCNONL3YIOT hakTuyeckne 3HaveHns /Tin.

[JaBneHve paspyweHusa MR BMecTe C AeliCTBYIOLMM BHYTPEHHUM AaBnieHnemM P, 06pasyloT MyHKLWI0 NpeaenbHbIX

3HaYeHui

9 = CK P,R«i0fch.f.D )-P i. (B.36)

rae CiR — cnydaiiHas nepemeHHas, xapaktepusylollas HeonpejeneHHoCTb Mogenu;
PIR — BHyTpeHHee AaB/ieHue Npu NacTUYeCKOM paspylueHun TpyGbl C TOPLEBLIM ynioTHeHeM. MMa;

g, — npejen NPOYHOCTW MPU pacTsXEHUU npefcrasmTenibHOro obpasua. MMa;
KN — KO3thMULMEHT YNPOUHEHNS AN KPUBON UCTUHHOTO HanpshkeHus-gedopmalnmn, noayyeHHol Npu mcnbiTaHum
Ha OAHOOCHOe pacTsxeHue (cMm. B.2.3.3);
t — HOMUWHa/NbHaA TOMLWWHA CTEHKU TPYObl, MM;
D — HOMMWHa/bHbIA HapyXHbIi AnameTp TpyObl, MM;
P, — BHyTpeHHee gasneHve. MMa.

3Ta (PYyHKLNA MeHbLUEe HYNs, ecnn AeiicTBylolee BHyTPeHHee AaBfeHne P npeBblluaeT CTOWKOCTb K N1acTUYecko-
My paspywenuto CRP, (ou. 4, t. O).

Vicnonb3ysa aTu npefesnbHble 3HAYEHUS, BEPOATHOCTb M1ACTUYECKOro paspylleHnss MOXHO OLEHWUTb, UCNOSb3ys
NoJiHble peleHns N0 MOAeNn cpefHux 3HaveHuin FORM:

9 =P, - Ct P«<ou.k*. | O); (B.37)

(B.38)
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(B.39)
Acrude = o<-p>. (B-40)

rae nepeMeHHble C YepToll CBepXy NPefcTaBNsoT COGOl cpefHue 3HaueHus;
Si — CpeaHekBagpaTu4dHblie OTK/IOHeHUA CﬂyqaﬁHblx nepemMeHHbIX; NPou3BoAHb0 dgJdx oueHuBaloT npu cpeg-

HUX 3HAYEHUAX O, «u. [.... U T. A.;
P — nokasaTenb Haf€XHOCTU NEpPBOro NopsaAKa;
® (-p) — KymMynsATMBHasA (QYHKLMUSA BEPOSITHOCTU C/y4aiiHO nmepeMeHHOl B YCMOBHbIX eAnHuuax (cpegHee 3HayeHne
paBHO 0. a cTaHAapTHOE OTK/IOHeHMe paBHO 1). oueHuBaemas npu -|i.

3Ta npubnusntenbHas BEPOATHOCTb onpejdeneHa Ans OAHOW Tpy6bl, UMeloLeli 3Ha4YNTeNbHOE HECOBEPLLEHCTBO.
dopmyna AaBneHns NNacTU4eckoro paspyleHns yunTbiBaeT BAVSHWE HeCOBepLUEHCTBA Ny6BuHON, paBHOW ypoBHIO npu-
emkn aN. 3To Hanbosbllee HeCcOBEPLIEHCTBO, KOTOPOE MOXET 6biTh BbISIBIEHO HA KOHTpo/nMpyemoli Tpybe, B 3aBUCUMO-
CTW OT KayecTBa KOHTPONsSi. BO3MOXHbI 1 60/ee 3HaYnTeNlbHble HECOBEPLUEHCTBA, KOTOPble MOryT 6biTb HE BbiSIBEHbI
cucTemoii kKoHTpons. OfHako B LEesoM He kaxjas Tpyba umeeT HecoBepLUeHCTBa Takol rybuHbl, koTopas npegnonara-
eTca B hopmyne AaBfeHns NAacTUYeckoro paspyLueHus. Vicnonb3ys 370 MOMOXeHWe, BaXHO Y4UTbiBaTb BAUSHUE YACTO-
Tbl MOSAABNEHUA HECOBEPLUEHCTB. Tak. MpW BbICOKOM KauyecTBe KOHTPOnsA napTuu Tpyb cnepyeT oxupaTb HWU3KYH 4acToTy
nosiBNieHNs HecoBepLueHCTB. Mpy 3TOM NoYTH BCe TPyObl C HecoBepLUIEHCTBaMU ry6uHON, npeBbiwatoLeii ypoBeHb npu-
emku. 6yayT 3abpakoBaHbl, W TOMIbKO YacTb TPy6 GyAeT MMeTb 3HauMTe lbHble HeCcOoBepLUEHCTBA.

B.5.2 Mopaxog k cnyyaiiHbIM nepemMeHHbIM B hOpMy/ie BEPOSTHOTO iaB/IEHNUS M1ACTUYECKOTO paspyLUeHust

Mpn BEPOATHOCTHOM NOAXOAE K ONpefesieHnto faBneHns paspylleHns CyLecTBYOT YeTbipe nepemMeHHble, KOTo-
pble paccmaTpuBatloTCs Kak cyvaiiHble, NOTOMY YTO UX CpeAHWe 3HAYEeHNUsA U CTaHAapTHbIe OTKNOHeHUa (Mnn koadpduum-
€HTbl Bapuauun) okasbiBalT B/IUSIHNE HA BEPOATHOCTb paspyLlEeHUs NPY KOHKPETHOM [JaBfieHWN, a WUMEHHO:

- npeAen Npo4YHOCTW TPYGbI;

- HapyXHbIii guameTp Tpyo6bl;

- ponyctumasn (6e3 HecOBEPLUEHCTB) MUHUMANbHAsA TONLWMUHA CTEHKN TPyObl;

- yacToTa, C KOTOpOIi HECOBEPLUEHCTBA OCTPOV (DOPMbI BbISIBAAIOTCA NPY NEPBUYHOM KOHTpoOse Tpyb.

CyLiecTBYIOT Takke TpU NepeMeHHble, KOTOpble paccMaTpuBalOTCs Kak fAeTepMUHUCTUYECKUMEe NpW BEPOSATHOCT-
HOM nogxope:

- KO3(hPULMEHT yNpoUYHEHNS  ANS KPUBOW WCTUHHOTO HanpshkeHus-gedopmaunm;

- BA3KOCTb MeTanna;

- MakcumanbHas rnybuHa HecoBepLUEHCTBA, PaBHAs YPOBHIO NMPUEMKM am.

Ans dopmynbl AaBneHns paspylleHus Npu BEPOATHOCTHOM noaxofe 60/blioe 3HavyeHWe UMeeT MpasBUsbHbIN
BbIGOP YaCTOTbl NOABMEHNS HECOBEPLUEHCTB OCTPOVi (hopMbl. Bo-nepBbIX, 3Ta YacToTa A0/KHA COOTBETCTBOBATL Konnye-
cTBY TPy6, 3abpakoBaHHbIX MO HECOBEPLUEHCTBAM OCTPOI (DOPMbI, & HE MO BCEM HECOBEpPLUEHCTBaM, BK/oUas OKpyrible.
Bo-BTOpbIX, 3Ta YacToTa MOXET 3aBUCETb OT 060pPYAOBAHNA N METOAOB, UCNONb3YEMbIX A5 NEPBUYHOIO U MOBTOPHOrO
KOHTpONS:

- ecnu Tpy6bl cHavana koHTponupykT no SR2 TOCT P 53366 (Ha HecoBeplueHCTBa ry6uHOI cBbilwe 5 %) 1 3aTem
NoBTOPHO KOHTponupytoT no SR1 FOCT P 53366 (Ha HecoBeplieHCTBa ry6uHoi cBbiwe 12,5 %), To rny6uHa HecoBep-
LIEeHCTBA MPUHMMAETCS NO YPOBHI npuemku no SR1. a yacToTa B 3TOM c/lyyae MpUHMMAeTCA MeHbluell, YeM B TOM
cnyyas, KOrAa NOBTOPHbIA KOHTPO/b NpoBOAMTCA No SR2:

- eC/n e MOBTOPHbI/i KOHTPO/Ib NPOBOAAT Takke No SR2. To cpefHee 3HayYeHWe U CTaHAAPTHOE OTKIOHEeHue
4YacTOTbl NOSAB/IEHNA HECOBEPLUEHCTB A0/HKHO ObiTb OCHOBAHO Ha YacToTe, HabfogaemMoli nNpu NOBTOPHOM KOHTpone, a
rny6uHa HecoBepLUEHCTB, WCnonb3yemas B hopMynax faBfeHUs paspyLleHus Npyu BepOATHOCTHOM MoAxofe, NpuHuma-
eTCA paBHOI YPOBHIO NMPUEMKM NpU MOBTOPHOM KOHTposie no SR2:

- eC/M MeHsleTCcsi BUA KOHTPONIbHOTO 060py0BaHUs, UCMOb3YeMOro npyu NepBUYHOM WU MOBTOPHOM KOHTpOse,
TO 3TO 06bIYHO MPUBOAUT K U3MEHEHUIO CPEHEro 3Ha4YeHWUs U CTaHA4apPTHOro OTK/IOHEHWS YacToTbl NOSBAIEHNSA HecoBep-
LIEHCTB NpU pacyeTax BEPOSITHOTO AaBMEHNA paspyLUeHus.

Mpn BEPOATHOCTHOM NOAXOAe AN pacyeTa AaBfeHns NAacTUYeckoro paspylleHns yacToTa nosiBfieHns Hecosep-
LIEHCTB ABNAETCA BaXKHbIM napameTpom. MNpu AeTepMUHUCTUYECKOM NOAXOAe B pacuyeTe faBfieHUs NAacTU4eckoro
paspylieHns yactoTa NosB/EHNS HECOBEPLUEHCTB MpUHUMaeTca paBHOi 100 %, a monpaBka (CHWXeHWe nokasartenei)
Ha y4yeT HeCOBEpPLUEHCTB BeCbMa 3HauYMTe/IbHA W MOBbIWAET 3anac MPOYHOCTU. Mpy BEPOSTHOCTHOM MOAXOAE CHUXEHWe
nokasaTesnei OT HaNN4Ms HECOBEPLUEHCTB NPOUCXOAUT 3HAUNTENIBHO Pexe.

B.5.3 BepoATHOCTHbI NOAX0A K ry6UHE 1 YacToTe NOSIBIEHNN HECOBEPLLIEHCTB

CuncTema KOHTPOAS He BbISIBNIAET HECOBEPLUEHCTBA, rMybuHa KOTOpbIX He MpeBblllaeT 3ajaHHoe 3HauyeHne YpoBHSA
npuemMkn. YpoBeHb NpremMkn 06bl4HO HacTpauMBaeTCA HECKO/IbKO HUXEe TOro YPOBHSA, KOTOpPbIA COOTBETCTBYeT npefesb-
HOI rny6vHe HecoBepLIEHCTB, YTO 3aBMUCUT OT HACTPOIKW U CKOPOCTU KOHTPOA KOHKPeTHOW annapatypsbl. [laxe npw
neanbHOM BbISIBIEHUN HECOBEPLUEHCTB HEO6X0AMMO MOMHWUTL, YTO CUCTEMa KOHTPONsA He GyAeT BbIBNATb HecoBep-
LeHCcTBA. NybuHa KOTOPbIX He MpeBblllaeT ypOBEHb NPUEMKN.
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CyuiecTByloT fBe NOTeHuuasnbHble KpaiiHue BO3MOXHOCTWM TOrO, YTO HecoBepLUeHCTBa rNybuHON MeHee ypOBHS
NPUEeMKU OKaXyT B/IUSIHWE Ha CTOWKOCTb TPy6bl K paspyweHunio. [epBas M3 HUX (Pefko BCTpevarolascs) 3akioyaercs
B TOM. 4YTO 3HauMTe/IbHble HEeCOBEpLUEeHCTBA ry6UHON, paBHON HACTPOEYHOMY YPOBHIO NMpUeMku, 6yayT OokasbiBaTb Mak-
cMMasibHOe oTpuuaTe/ibHOe BANSHWE Ha CTOMKOCTb K paspyLueHunto. C Apyroii CTOPOHbI, YacTo BCTpevalLwmnecs HesHauu-
TeflbHble HecoBepLUeHCTBa rNybuHOI, MeHee ypOoBHA npuemkn, 6yayT oka3biBaTb BIMSHME Ha CTOWKOCTb K paspyLlleHuto
He CTOMbKO M3-3a CBOEW rNyOWHbI, CKOMIbKO U3-3a CBOEli MHOTOYMCNEHHOCTM.

[Janee npMBOANTCA CpaBHEHNWE BO3MOXHOIO BAUSHWUA FNYyO6WHbI HECOBEPLLUEHCTB W 4acToTbl UX MOSABAEHMA. YcTa-
HOB/IEHO. UYTO pejkue 3HauyuTesNibHble HecoBepLlUeHCTBa [NyGUHOI, PaBHOW YPOBHIO MpUeMKW, OkasbiBalT Gosnbliee
B/IMSIHME, YeM Yalle BCTpevallinecs He3HauumTesibHble HecoBeplleHCcTBa. Ha 3TOM OCHOBAHUWM NpPW BEPOATHOCTHOM
noaxoge B hopMysie AaBfeHNs NIacTMYeckoro paspyLleHns CTOMKOCTb TpyGbl K paspyLueHnio onpegensieTcs no BeposiT-
HOI TONLWMHE CTEHKN C NOMNPaBKOW Ha BEPOSATHOE HECOBEPLUEHCTBO NyOVHONM, paBHOW ypOBHIO Npuemku (AnsA 3anaca), v
4acTOTOW, paBHOI YacToTe BbISIBIEHUSI HECOBEPLUEHCTB TuNa TPELUH UM 3akaToB NpU NOBTOPHOM KOHTpOe.

Bo3HukaeT BONpoc, kakoe BAWAHWE OKasblBaeT BWJ YAaCTOTHOrO pacnpefefieHns HecoBepLIEHCTB ry6uHoOW me-
Hee YPOBHSI NPUEMKM Ha BEPOATHOCTb OTkasa Tpy6bl. B kayecTBe NepBOro atana pelleHns 3Toro Bonpoca uccnefosanu
pacnpefeneHne HecoBEPLUEHCTB MakCUMasbHOI ry6uHbl ANA TOro, YTO6bl yCTaHOBUTL, Kak BUA pacnpefeneHus Heco-
BEPLUEHCTB r/lyGMHOI MeHee YpPOBHS MPUEeMKW BAUSIET Ha MakcUMasibHYl0 O0Xuaaemylo rny6uHy HecoBepLUeHCTBa B KO-
NOHHe Tpy6.

Mpn 3TOM GbINU NPUHATLI CneayloLne AoNyLWEeHNs:

- mocne NpoBefeHns KOHTPOASA pacnpefeneHne HecoBepPLIEHCTB 6blfI0 OTCEYEHO MO YPOBHIO NPUEMKW, B AAHHOM
cny4yae paBHoM 5 %:

- yacToTa BbISIBIeHUA HECOBEPLUEHCTB r/y6unHol 6osee 5% HOMUHANLHOW TONWMHLI CTEHKN cocTaBnseT 3 %,
T. e. cywectByeT 3 %-HaA BepoATHOCTb TOr0, YTO rNy6uHa camoro r/ly6okoro HeCOBEpLUEHCTBA Ha HEMPOKOHTPOIMPOBaH-
Holl o6cafHol Tpybe cocTaBnseT 60Mblie 5 % HOMWHANLHOW TOMLWMHBI CTEHKK;

- HecoBepLUeHCTBa NOAUYMHAITCA pacnpefeneHuio Beilbynna. Takoe pacnpefeneHne NpUHATO As YNPOLLEHUs,
NoCKONbKy ero opma MOXeT 6biTb Nerko U3MeHeHa Mpu NOMOLLM mapameTpa Hak/oHa pacnpefeneHus.

[lanee Ha pucyHkax NpuBefeHO CpaBHEHWEe BuAa pacnpefeneHns HeCOBEPLUEHCTB C pacnpefesieHnemM camblxX
rny6okux HecoseplleHCTB AnsA 50 Tpy6. Ha aTux pucyHkax Buj pacnpefeneHus HecOBepLUeHCTB Mo rnybuHe Ha Npous-
BO/IbHOI TpyGe xapakTepusyeTcs napameTpoM pacnpegenenus Beiibynna b. PacnpefeneHue otcevyeHo no rnybuxe
HecoBeplueHcTBa 5 %. Mo mepe yBenuyeHuns napametpa b c 0,5 4o 4 koadhpuLMeHT Bapuaunm pacnpefeneHuns cHuxa-
eTca ¢ 224 % po 28 %. ®yHKUMM NAOTHOCTWN BEPOATHOCTU AN1A 3TUX pacnpefiefieHnii nokasaHbl Ha pucyHkax B.5—B.12
CMIOWHBIMU IMHUAMMU.

MpumeyvaHunsa

1 Mo ocn X — rnybuHa HecoBeplleHCTBa B NPOLEHTaX HOMWHANbHON TOMLWWNHbBI CTEHKU.

2 Mo ocn Y — hyHKUMS NNOTHOCTM pacnpefeneHnss BepoaTHOCTU.

3 MapameTp pacnpegenexus Beiibynna b — 0,5. cpegHee 3HayeHne — 0.81 %. cTaHAapTHOe OTKOoHeHUe — 1.82 %.

PucyHok B.5 — CmelueHne pacnpefesieHns B CTOPOHY HEeCOBEpLUEeHCTB
He3HaunTeNbHO rNy6yHbI NPU OYEHb BbICOKOM Ko3ddhuumeHTe Bapuauum
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MpumeyvaHwnsa

1Mo ocn X — rny6buHa HecoBepLUeHCTBa B NPOLEHTax HOMWHAaNbHON TOMLWMNHbBI CTEHKMU.

2 Mo ocn Y — hyHKLUMA NAOTHOCTW pacnpefeneHns BeposaTHOCTU.

3 MapameTp pacnpegenexus Belibynna b — 1.0. cpegHee 3HauyeHne — 1.43 %. ctaHAapTHOE OTKNOHeHne — 1.43 %.

PucyHok B.6 — 3kcnoHeHunanbHoe pacnpepeneHue rnybuHbl HeCOBEPLUEHCTB
C BbICOKUM KO3hhuumeHTOM Bapuaumm

I -- opaHa rpy6a; 2 — makcumym 50 Tpy6

MpumevyaHunsa

1 Mo ocn X — rnybrHa HecoBepLUEHCTBA B NPOLEHTaX HOMUHA/IbHON TOMLUHBI CTEHKN.

2 Mo ocn Y — PyHKUMSA NAOTHOCTW pacnpejeneHns BeposATHOCTU.

3 NapameTp pacnpegenenus Beitbynna b— 2.0. cpefHee 3HaueHne — 2.37 %, cTaHAapTHOE OTKIOHeHne — 1.24 %.

PucyHok B.7 — Bonee paBHOMepHOe pacnpejefieHne HecOBEepLUIEeHCTB B UHTepBase
c KoadhpMuMeHTOM Bapuauum npménnsutTensHo 50 %
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MpumeuvyaHunsn

1 Mo ocn X — rnybuHa HecoBepLUeHCTBA B NPOLEHTax HOMUHAIbHON TONLUMHBI CTEHKU.

2 Mo ocn Y — dpyHKUMA NIOTHOCTM pacnpegeneHns BeposATHOCTY.

3 NapameTp pacnpepenexusi Belibynna b — 4.0. cpegHee 3HavyeHne — 3,31 %. cTaHAapTHOE OTKNOHeHne — 0.93 %.

PucyHok B.8 — CmelleHne pacnpefeneHusi HeCOBEPLUEHCTB B CTOPOHY HECOBEPLLEHCTB
3HAUUTENbHOWN rNy6uHbI Npu koadduuymeHTe Bapuauymn npnbamsntensHo 30 %
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— npsmas Beubynna npu napametpe b. panHom 0,55

NMpumevyaHus

| x — 1IN TNy6MHEl HECOBEPWEHCTBA B NPOLEHTAX HOMUHALHO TOMLMHBI CTEHKN.
—

A rny6V|Ha HecoBepleHCcTBa B nNpoueHTax HOMMWHaIbHOWA TONLWNHBbI CTEHKW.
«— o— In [-n (1-BeposTHOCTD)].
wn

© — (pyHKUMA KYMYNSTUBHOTO pacrnpefeneHus.

PucyHok B.9 — BepxHuit yyacTok pacnpegenenus rny6uHbl HECOBEPLLEHCTB TUNa
3aKkaTa BEpOSITHOCTHOW Lukansl Beubynna

FOCT P 54918—2012
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Yli y1*

a- OpHa Tpyb6a, cpeaHwuii 3anac npoMmmoctvt - 1,3 b - Camoe rny60okoe HeCOBEPLLEHCTBO

4ns 50 Tpy6, cpefHuii 3anac npoyHocTn - 1,3

Y ii Y1+
c - OpHa Tpy6a, cpefHuii 3anac npoyHocT - 1.5 d - Camoe rny6okoe HeCOBepLUEHCTBO
ansa 50 Tpy6, cpedHuii 3anac npoyHocT - 1,5

I —b=4,0.2— b»20:3—1b* 1.0; 4 — 6 =0,5 5— 30Ha oTKasa; 6 *- 30Ha 6e3o0nacHoOCTU

MpumeyaHns
1Mo ocn X — Pcno 1P/KO.
2 Mo ocn Y — KoatphnLuMeHT NPOYHOCTM NPU paspyLLeHnn.

PucyHok B.10 — BnusiHue pacnpegeneHusi HesHauuTebHbIX HECOBEPLUEHCTB Ha pacnpefeneHue
BEPOSITHOCTM CTOWKOCTM K MAACTUYECKOMY Pa3pyLueHuto
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MpumeyvaHwnsa

1 Mo ocnm X — napameTp pacnpegeneHvs Beibynna b.
2 1o ocn Y — BepoATHOCTb OTKasa.

PucyHok B.11 — CpaBHeHMe BAUSIHUSI BUAA pacnpefeneHns Ha BepOsTHOCTb OTkasa OAHOI Tpy6bl
M KOMOHHbI TPYy6 (CcpefHuii 3anac npo4yHocTn — 1.3)

1E-08

1E-09

1E-10

1E-11

1 — opHa Tpy6a, 2 — KONOHKa Ha 50 Tpy6

MpumeyvaHwnsa

1 Mo ocn X — napameTp pacnpegeneHus Beiibynna 6.
2 o ocn Y — BEPOATHOCTb OTKasa.

PucyHok B.12 — CpaBHeHUWe BAUSIHUSI BUAA pacnpefenieHus Ha BEPOATHOCTb OTKasa OAHOW Tpyobl
M KOMOHHbI TPY6 (cpefHuii 3anac npoyHoctn — 1.5)

LUTPUXOBbIE MMHUM HA 3TUX PUCYHKAX NPEACTABAIOT NOTHOCTU BEPOSITHOCTU Hanbosee rny6oKUX HEeCOBEpLUEHCTB
ans 50 Tpy6. DTO CBA3AHO C PYHKLMSAMM NAOTHOCTWN BEPOSITHOCTU W HAKOM/IEHHOW BEPOATHOCTM OCHOBHOTO pacnpegene-
HUSA cambiX FNy60KUX HECOBEPLUEHCTB B NPOM3BO/IbHO BbiGPaHHOK Tpy6e. STo pacnpeeneHne TaKkke 0TCEYEHO MO YpoB-
HIO MpuemMKn 5 %. Bug aTux yHKUWA NAOTHOCTA BEPOSITHOCTM MPEeAesibHbIX HECOBEPLUEHCTB O3HA4YaeT, YTo Haubonee
BEPOSITHbI HECOBEpLUEeHCTBA rMy6uHONM nopsigka 5 %. [leiicTBUTeNbHO, NOCKOMbKY OCHOBHOE pacnpejenieHne Hecosep-
LIEHCTB MO r/y6MHE OTCEUYEHO MO YPOBHIO NMPUEMKU, TO Hanbosiee BepoATHasA rNy6uHa HECOBEPLUEHCTB paBHA 3TOMY
YPOBHIO. STOT 3PheKT CTaHOBUTCA 60/EB 3aMETHbIM C YBENMYEHNEM napamMeTpa OCHOBHOMO pacnpejeneHus b.
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[Jaxe B TOM cnyyae, korga pacnpefeneHve BeposiTHOCTM cMeleHo Kk 0 % (npu b. paBHom 0.5). Hanbonee BepoAT-
Hoe camoe rny6okoe HeCOBEpPLUEHCTBO UMeeT rny6uHy 5 %. B aTom cnyyae nmeeT MecTo paBHOMepHOe pacnpegeneHve
B UHTepBane ot 3.5 % fo 5 %.

PacnpefieneHne ¢ nokasaTesieM HafeXHOCTU NepBOro nopsaka p. pasHbiM 0.5. ABAsSieTCA HaMNyyWwnM nNpmoéamxe-
HMeM K hakTuyeckoMy pacnpefeneHunio HeCOBEepLIEHCTB, eClN NPUHUMAEeTCa BO BHMMaHWe TONbKO rnybuHa HecoBep-
WeHCTB 6e3 yyeTa BO3MOXHOCTU WX HanoxeHus. MpoBogunca npuenusnTenbHblli aHain3 HeCOBEPLUEHCTB FNyGUHOM,
npesblllatolleil 5 % HOMUHaNbHOW TOMLWMWHbLI CTEHKW. MNPy 3TOM BEPOSITHOCTb TOTO, YTO FNy6uHa HecoBepLUeHCTBa NpeBbI-
cUT 5 %. npuHMmanach ans Tpy6bl paBHOW 5 %. DTOT aHanu3 nokasas, YTO BEPXHWIA y4acToK pacnpegeneHns rny6uHbl
HecoBEepLUEHCTB COOTBETCTBYET 3HaAuYeHWi0 napameTpa pacnpegeneHus Beiibynna 6. paBHomy 0.55. cm. pucyHok B.9.

YeTblpe rpachuka Ha pucyHke B.10 nokasbiBatoT, KakuMm 06pa3oM MeHseTcsi pacnpegeneHne BepOsiTHOCTU niac-
TUYECKOro paspylueHus Tpybbl B 3aBUCUMOCTM OT BUAa pacnpefefieHnss HecoBepLIEHCTB ryO6NHON MeHee YPOBHSI mpu-
emku. Mpn 3TOM NpYHUMAlOT cnefyoLne AonyLeHns:

- 06bl4HOE COOTHOLIEHNE MpefeNnbHOro AaBieHns v AeicTeylolero gasneHna P p/P »;

- cpefHwuit 3anac npoyHoctm — 1.3 u 1.5. MoA 3anacom NPOYHOCTY NMOHMMAETCst OTHOLEHUE CpefHero AaBfeHns
nnacTuyeckoro paspylweHus n geiicTBylollero gaBneHus. Tak. ecan oTkas npoucxoguT Npu OKPYXXHOM JaBNneHun, pas-
HOM npefeny NPOYHOCTM, TO 3anac NPOYHOCTW paBeH CpefHEMY OTHOLUEHWIO NPeAenbHOro AaBneHus K feiicTByowemy
[aBneHunio;

- KOa(hULUMEHT Bapuauum 3anaca NPOYHOCTU pasBeH 5 %;

- HopMmupyemasi npodHocTb Pcgp/Pamp Tpy6el ¢ HecosepweHcTBoM paBHa (1 - d,)Pcao/P ap. rge d. — rny6uHa
HecoBepLUeHCTBa, %. WX [0NS HOMWUHAIbHOW TOMLMHBI CTEHKK;

- pacnpefeneHne HecoBepPLUEHCTB NpejcTaBnseT coboil yceueHHoe pacnpegenexnue Beiibynna. B KOTOpOM riy6u-
Ha HecoBepLUEeHCTB OrpaHuyeHa ypoBHeM npuemMkn 5 %. dopma 3TOro pacnpefenieHnss MeHsieTca B 3aBUCUMOCTU OT
napameTtpa 6, npuyem 6, pasHblii 0.5. cooTBeTCTBYeT Hanbonblueli 3IMEHUYNBOCTU NPV GONBLINHCTBE HECOBEPLLEHCTB
rny6uHoii, 6nu3koii k 0. a 6. paBHbIii 4. COOTBETCTBYET Masoll M3MeHUYNBOCTU Bonee rny6okNX HECOBEPLLEHCTB.

37K rpadvikn NokasbiBaloT, YTO BUA pacnpefesnieHns Hke ypoBHA NPUEMKU He Oka3blBaeT 3aMeTHOro B/IMSIHUA Ha
pacnpefeneHve oTHoweHna POM)LPapp. Mo aTumM rpadhmkam MOXHO onpefenntb BEPOSATHOCTb OTkasa B BUAE BEPOSITHO-
CTW. CBAI3aHHOW C PcaplPak, = 1. Ha pucyHkax B.11 n B.12 noka3aHO cpaBHEHMe BEPOATHOCTM OTkasa Tpybbl C cambiM
rny6oKkuM HecoBepLIEHCTBOM B KOJIOHHE M3 50 Tpy6 C BEpOATHOCTbIO OTKasa OfHOW NPOU3BO/ILHO BblIGPAHHON TPy6bl C
TakvM HecoBepLIEHCTBOM.

Vi3yyeHne 3TOro KOHKPETHOro criyvyas nokasblBaeT, YTO pefKkue 3HauynTe/lbHble HeCOBepLlUeHCTBa Oka3blBalT 60-
Nlee 3HauNTeNlbHOE B/USIHME HA BEPOATHOCTb OTKasa, YeM CymMMapHOe BO3felCTBMe 4acTo BCTpeyaloMXcsi HesHauu-
Te/bHbIX HECOBEPLUEHCTB rNYy6UHOW MeHee ypOoBHA npuemku. DTOT hakT 6bl1 MCnonb3oBaH ANA pas3paboTku pacyeTa
CTolikocTW Tpy6bl K MiacTUYecKoMy paspyLleHUo npu BEepOATHOCTHOM noaxofe. BepoATHOCTb paspylieHus Tpyobbl
aBnseTcs PyHKUMel pacnpegeneHns BepOSiTHOCTU npegena NPoYHOCTW MeTanna, TOJLWMHbI CTEHKU N HeonpeaeneHHo-
cTn nageanusaunn. O4HaKo HalMuMe HecoBepLUEeHCTBA MOJEeNVpyeTca no AeTepMUHUCTMYecKoMmy nogaxody. Mpw seposT-
HOCTHOM nogxofe B hopmyne AaBfeHUs NnacTM4eckoro paspyLleHus rny6uHa HecoBepLueHCTBa MPUHUMAaeTCs paBHOM
MakCUMasnbHO [ONyCTUMON rnybuHe, T. €. paBHOW yPOBHIO Npuemkn. BansHne HecoBeplueHCTBa Ha BEPOSATHOCTb OTKa-
3a y4MTbIBAEeTCA MO YACTOTE MOSABMNEHUS HECOBEPLUEHCTB rNyGMHONM, paBHOI YPOBHIO Npuemku. B pekomeHgyemoli moge-
nn 3Ta YacToTa MPUHMMaeTCs paBHON YacToTe NOSB/EHUA HECOBEPLUEHCTB OCTPOI (hOopMbl NPV NOBTOPHOM KOHTpO/e

Tpy6-
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MpunoxeHune C
(cnpaBoyHoE)

MeTopg ucneiTaHNA Ha paspylleHune

C.1 KoHubl 06pasuos

Mpn npoBefeHWN UCMbITaHUi Ha paspyLieHne A0KHO 6biTb BbINONHEHO YN/IOTHEHUE TOPLOB TPY6 MpWBapHbIMU,
BCTaBHbIMW npobkamun (Hanbonee pacnpocTpaHeHHblii mMeToa) unn pe3b6oBbIMKM Npobkamu (cTaHAapTHble pe3b6oBble
COELMHEHNSA UM COefUHEHNS NPeMUyM). XOTS CYLLeCTBYIOT UHbIe METOAbl UCMbITaHW, Hanpumep ¢ TopLeBbIMY Npo6ka-
MW, camo3aTArvBalLWMMUCS NPU NOMOLLU LeHTPanbHOro CTArMBaloLiero npyTka, OHU UCMONb3YITCA peako, cosjaioT
[pyroe HanpsbkeHHOe COCTOsIHUe W MPUBOAAT K APYrMM pesynbTaTtam MChblTaHuii, No3ToMy MX NMpUMeHeHue He gonycka-
etca. MNpu ucnbiTaHWM Ha paspylleHne Ha Tpyby C TopueBbiM YNAOTHEHUEM AelicTBYeT O0CeBOe HamnpshkeHue, co3gaBae-
MOe BHYTPEHHUM fAaBfieHNeM XWAKol cpefbl Ha TopueBoe ynjoTHeHne. OceBoe HanpshkeHne paBHO MPUMEPHO MOJO-
BUHE CPefHero TaHreHUMasibHOro HanpshkeHus, 3a cueT Yero BO3HMKAeT HarpyXeHHoe COCTOsiHMe, KOTopoe Mo Teopuu
TekyyecTu hoH Museca cosgaeT MakCMMasibHO BO3MOXHOE BHYTPeHHee AaBfieHue.

C.2 MuHumanbHas AnnHa obpasua

C.2.1 NMpepanockiNkKn

B cTtaHgapTe [2] N0 MCNbITaHUAM 3KCMlyaTalUWOHHbIX XapaKTePUCTUK COEAMHEHU HACOCHO-KOMMPECCOPHbIX W
ob6cafHbix TPy6 6blIM NpuBeAEeHbl pekoMeHAauun Mo UCNOoNb30BaHMIO ANS WUCMbITaHWA Tpy6 (oTpeskoB Tpy6) Anu-
Hol He MeHee 8.4(A//)12 wnn no 6onee no3gHMM pekoMeHpauuam B cTaHgapTe (2), pUcyHoOK 1 — ANUHOW, paBHON
(Lp + O + 6<0()w ].

Takasa gnuHa obecneunBaeT:

- paccTosiHMe oT TopueBoi npobku, paBHoe 3(0()W . HEO6X0AMMOE AN WUCKYEHUS TOpLEBOro addekTa;

- noBefieHne oTpeska TPy6bl A/IMHON, paBHON D (HOMUHANBHOMY HapyXHOMY AuameTpy Tpy6bl), kak 6eCKOHeYHO
ONVIHHOTO unnmHAapa (Tpy6a nonHoi ANuHbl) 6€3 BAUSHUA TopLeBoro addexra;

- paccTosiHne oT MydTbl UM coeguHeHuns, pasHoe 3(D#)"7, HeobxoauMMmoe ANS UCKNIOYEHUSA TopueBoro athdekra
OT My Thbl MU COEANHEHNS.

B ctaHgapTax (1] u [2] npuHATa Takas Xe MUHUManbHasa gnvHa obpasua.

C.2.2 Tpeb60BaHMA K MUHMaNbHON ANnHEe

[ns cobniofeHns faHHOro MeToAa UCMbITaHUS Ha paspylieHWe MUHMMasbHas AfIMHa J0/HKHA COOTBETCTBOBATb
TpeboBaHuAM cTaHfapToB (1) u (2). kak NnokasaHo Ha pucyHke C.1.

*Ocb MyQThl.

D - HOMWHaNbHbI HapyXHblli gnameTp Tpy6bl. | — HOMMHaNbHaA TONWMWHA CTeHbl TPy6bl
J — Topuesas npobka; 2 — Tpy6a (0Tpe3ok TpyGbl)

PucyHok C.1 — MuHuUManbHas AfMHa o6pasua 415 UCMbITaHUs Ha paspyLueHue

C.3 MpunoxeHne fgasneHuns

WcnbiTaHus Tpy6 Ha paspylleHue [0/KHbl NPOBOAUTLCA C UCMO/Mb30BaHNEM BOAbl Y BHYTPEHHEro Ha/IMBHOroO
natpybka. HanveHOI naTpy6oK MCMOMb3YOT A1 YMeHbLUeHUs o6bema BOAbl U COOTBETCTBEHHO MUHMMM3aLMKU 3ana-
CEHHOWi 3Heprun B Lensx obecnevenns 6e3onacHoCTU. ATO NO3BONSAET TakkKe YMeHbLUTb paspylleHne Tpybbl 40 YpoB-
Hs. o6GecneyrBatoLLErO OTCYTCTBME KakMx-NM60 nocneacteuii. B ctaHgapTax [1] v (2] ckopocTb HarpyXeHus orpaHuyunBsa-
eTcs 34.47 MMa|'muH. Mpwn co3gaHnn paspyLialowero gaBeHns HaumHaeTca TeYeHue NaacTUYHOro metanna Tpyobl 1 no
Mepe pasfyBaHus Tpybbl y TUNOBbLIX HACOCOB N1a60PATOPHOro TNa CKOPOCTb HArpy>XEHUs 3Ha4UTeNIbHO CHuxaetcs. Mo
[OCTMXEHWUV AaB/IeHNS Bbllle JaBfieHNs TeKyyecTu BblK/oYaeTCs Hacoc (3akpbiBaeTcs knanaH), rpyba B TeYeHne Heko-
TOPOro BpeMeHU MpoAo/XaeT pasfyBaTbCsi U COOTBETCTBEHHO MOHMXaeTcs AasneHue. o 3Toll nNpuunHe AasneHue
Heobxo4MMO Npofo/mKaTb MpuknagbiBatb Ha ckopocTu 6.90 MMa/MuH unm Huxe.

[ns n3mBpeHua>'peTucTpauuy faBfeHnsa XUAKoW cpefbl cneayeT UCNOb30BaTh AaTuuk gasneHus. flatuuk, pac-
NOMOXEHHbIA Ha KOHLe TPy6bl, MPOTUBOMNOIOXKHOM HarHetaTesibHOMy Tpy6onpoBoAy, NO3BONAET UCKMOUYNTL CKauku
M3MepsemMoro fasfeHusi, BO3HMKallme 13-3a xofa NopliHa Hacoca. [pegnoyTuTesibHO UCMOAb30BaTh LUgPOBYO cuUcC-
Temy c6opa fjaHHbIX C YacTOTOI perucTpaunun He pexe oAHOro pasa B 5 c. Takas yacToTa 3anucu No3BOAUT 3aperncrpu-
poBaTb AOCTUTHYTOE MakCMMasibHOe AaBfieHue, a KOHeYHoe AaB/ieHne paspylueHns 06blYHO Ha HEeCKOJIbKO MPOLEeHTOB
MeHblUEe [JOCTUTHYTOro MaKkCUMasbHOro AaBfieHus.
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MpunoxeHune D
(cnpaBoyHoE)

PacueT faBneHns Xpynkoro paspylieHus

D.1 Pa3pyweHune Tena Tpy6bl n3-3a CBONCTB MeTanna

B HacTosweM NpuioxeHnn onncaHbl OPMysibl, KOTOPble MOTyT ObiTb NMPUMEHEHbI /11 pacyeTa [JaBfieHus, npu
KOTOPOM Npou3oiAeT paspylleHne Tpybbl BCAeCTBME pacnpoCcTpaHeHWs VMeloLeiica ocTpoii TPeLnHbl NN 3apoxae-
HUSI 1 pocTa HOBOW OCTPOVi TpeLuHbl. 3TN DOPMY/bl YNPYronnacTUYeckoro paspyLueHs pacnpocTpaHsaioTcs Ha Tpy6bl U3
NNacTUYHOro, XPYNKoro mMetanna Wan mMeTanna C MPOMEXYTOYHbIMU CBOWCTBaMU. [aHHble hOpPMysibl PacLIMpAOT Aei-
CTBME APYruX AeliCTBYIOLMNX CTaHAapTOB MO MexaHuke paspyLlleHns Ha Bce BUAbl HEITAHbIX U rasoBbix cped. ®opmysbl
MOryT 6bITb NPWMEHEHbI NPU YC/I0BUN IKCMEPUMEHTANBLHOTO onpeAeneHns KoadduumeHTa BA3KOCTA paspyLueHns me-
Tanna /Vj, s onpeaeneHHoi cpepe. [N TOHKOCTEHHbIX TPy6 TPYAHO NPOBECTW [OCTOBEPHbIE WCMbITAHMA 418 onpeje-
nenus fdma,. B HacTosiee BpeMs He paspaboTaHa KOHLUenuus amMnupuyeckoro onpegenexus fomat npu HeBO3MOXHO-
CTW ero onpegfeneHnss akCnepTUMeHrasbHbIM MyTeM.

CyuiecTByeT ABa TUna Xpynkoro paspyLleHus, paspyLlleHne BCNefCTBME pacnpocTpaHeHus CyLiecTByoLel TpeLwm-
Hbl U paspylleHne BCAeACTBME 3apOXAEHNA 1 CTabubHOTO pocTa TPeLyVHbl B TOM MecTe, rge paHee He 6bl/10 BbIIB/IEHO
TpelwuHbl. Pa3pyllieHne nepsoro tuna, onucaHHoe B D.2. npoucxoguT BCNeACTBUE Neperpysku BepLUMHbl TPeLUWHbI Ha-
NPsSHXKEHNEM BbICOKOW MHTEHCMBHOCTU U onpegensieTcs no NPUIOXKEHHOMY HanpsXXeHuio, pasmepy TpeljuHbl 1 BA3KOCTW
paspyleHus mMetanna B onpejeneHHoli cpege. [laHHblli TN paspyleHns B3auMOCBA3aH C TPeLUHOl onpefeneHHoro
pasmepa 1 yC/I0BUAMMU, B KOTOPbIX HAYMHAETCA pacnpocTpaHeHne TPeLyHbl UM NPOUCXOAUT OCTaHOBKa pacrnpocTpaHe-
HMSA TPeLUVHBbI.

Pa3pylieHne BTOporo tuna, onncaHHoe B D.3, npeacTaBnseT co6oii o6pasoBaHne TPeLiUHbl No4 BAUSHUEM OKpY-
Xatoleli cpefbl, KOTOPOe NMPOUCXOANUT M3-3a COYeTaHWsA LeNCTBMA HANPSHXKEHUS, MeTanna 1 oKpyxawLein cpefbl U gns
KOTOPOro He TpebyeTcs Ha/Myne paHee CyLleCTBOBaBLUEro HecoBeplleHCcTBa. [laHHOB paspylleHue CBA3aHO C COCTOosI-
HMeM. KOTOpoe MopoxaaeT cTabufbHbIli POCT TPeLyuHbl, KOTOPOA MOFI0 He 6biTb M3Ha4YasibHO. [ocne BO3HUKHOBEHUSA
TpelwuHa cTabunbHO pacTeT, Noka OHa He CTaHeT [O0CTAaTOYHO GONbLOW WM He JOCTUrHET COCTOAHWA HecTabunbHOro
pacnpocTpaHeHus TpeLivHbl 0 paspylueHus. PacTpeckuBaHne Noj BAUSHWEM OKpYXatolieil cpefbl roXeT NpousoinTn
He3aBMCUMO OT pacnpocTpaHeHWs TPeLiuHbl, T. e. 4NA NpefoTBpaLleHns paspylleHus BCAeAcTBME pacTpecknBaHus
[O/MKHBI 6bITb COGMIOAEHBI YCNOBUSA, OnNpeAeneHHble no opmynam, npuseAeHHbIM B D.2. n kpuTepuii Noporosoro Ha-
npskeHus, npueefeHHbln B D.3. 3T0 03HayaeT, 4YTO CyLWeCcTBYIOT ABa NpeAesibHbIX 3HAYEHUS, KOTOpble [O/KHbI OblTh
cobnofeHbl ANA npefoTepalleHns pacTpeckuBaHus, U YTo o6a npefesibHblX 3HAYEHUSA 3aBUCAT OT HaNpPsXeHUs u
BA3KOCTW paspylleHus meTtanna B faHHO cpefe.

D.2 Mogenb pacnpocTpaHeHus TpeLnHbl

D.2.1 O6wune nonoxeHus

MoaxoA K rnofjann pacnpocTpaHeHUs TPeLuHbl, ONUCbIBAEMbI B HACTOSALLEM MPUIOXKEHUN, aHATOTUYEH NOAXoaY,
1Mcnonb3yemMomy ANns onpegeneHus nokasarteneli akcnayaTalunoHHbIX CBOWCTB COCYA0B, paboTatlnx noa gasieHnem, un
LUIMPOKO MCMOSb3yeTCs A/1s1 MPOrHO3WPOBaHWUSA NMPUrOAHOCTY 3TUX U3AENWiA ANA WCNONb30BaHWUA NO Ha3Ha4yeHuo. YaaeT-
CA COXpPaHUTb LeNIOCTHOCTb TPEeCHYBLUMX U3AEeNuii ¢ NCNoNb3oBaHWeM peKkoMeHaauuii cTaHAapToOB MO MexaHuke paspy-
LUeHns, Taknx Kak B cTaHgapTtax [25], [26] v [27].

PacuyeT nokasaTeneii akcnayaTtauMOHHbIX CBOWCTB TPy, OCHOBaHHbI Ha npefenie NPOYHOCTU NPU PacTaXeHWUU,
npegene Teky4yecTu n Apyrux CBocTBax Metanna, a Takke pasmepax Tpyb, He oxBaTbiBaeT pa3pyLUeHWil, BO3HUKAIOLLIMX
BC/Ie[iCTBME PACNpPOCTPaHEeHNs HeCOBEPLUEeHCTB Tuna TPpewuH, Korga paspylleHue onpefensieTcsi UHTEHCUBHOCTbIO Ha-
nNpsHXeHunii Bo3ne TpelwuHbl. Korga KoaduULuneHT NHTEHCUBHOCTU HanpsXXeHW B BepLUMHE TPeLUVHbl K AOCTUTHET KPUTU-
4YecKoro 3HavyeHus <tral, TpelmHa pacnpocTpaHseTcs U paspyleHue Tpybbl CTAHOBUTCA HensbexHbiM. 3HayeHue *|I(riat
3aBUCUT OT OKpyXatolei cpefbl U MeTanna.

B H..S-copepxauwmx cpegax #tal 6yaeT MeHblle, 4em B cpegax, He cofepxawmx H2S. n pexum paspylieHus
MOXeT BAUATb Ha AaBfieHne paspylleHus Tpy6bl. MMokasaTens MeHsieTCA B 3aBUCMMOCTU OT (PaKTOpoB OKpyXato-
wew cpegpl (cogepxanve H2S, Temnepatypa, pH 1 T. g.). Nocne onpegeneHns 3Toro nokasaTtens B xoAe nabopaTopHbIX
MCNbITaHUi KOHKPETHOro MeTasnna B onpeAenieHHol okpyxatlleli cpege OH MOXeT 6biTb UCNOAb30BaH AN OLEeHKM
LLle/IOCTHOCTM TPyObl C HECOBEpPLUEHCTBAMW B Takoi okpyxaiwulei cpege. MNMokasaTenb kimat MOXHO paccmaTpuBatb, kak
BA3KOCTb pa3pyLlleHuns, HeobxoAumyio ANA NpeAoTBPalLeHNs Uan ocTaHoBa AasbHelillero pacnpocTpaHeHns TpewyH B
37Ol cpefe. nA coxpaHeHUs LenocTHoCTW Tpy6bl 3HayeHne kimat AO/KHO 6blTb JOCTATOYHO BbICOKUM, YTOGbI He
[ONyCTUTb pacnpocTpaHeHUs TpeLlMHbl B faHHOW cpefe 3KcnayaTauuu.

[ns OoueHKN LenocTHoCT Tpy6bl BO BCEM MHTEpBane XPynkoro v MnacTUYeckoro paspylleHUs MOXHO WCMO/b30-
BaTb AnarpaMmy OLEHKU BepoAaTHOCTM paspyweHusi (FAD). Anarpamma FAD npeactaBnsieT cob6oli rpauk 3aBUCMMOCT
Koa(hhnLMeHTa MHTEHCUBHOCTN HanpshxeHuit (k, 1Uam J,). OTI0OKEHHOro MO OCY OPAWHAT, OT koadiduumneHTa Harpyskmn (L),
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OT/IOXKEHHOI Ha ocu abcuyuce, rae k, NnpeacTaBnseT cob60ii OTHOLWEHNE NPUIOXKEHHOTO K K K\TM. @ L, — OTHOLleHune
NPUIOXEHHOW Harpysku K npegenbHoi Harpyske. B gaHHOM cnydvae npefenbHas Harpyska oOblYHO npejcTasnsieTr co-
60ii annpokcyMaLuio Harpysku, Npu KOTOPOW BO3HMKaeT sBNeHMe TekydecTu Tpy6bl C TpeliHol 6e3 pocTa TpeLyuHbl.
[na 6onee geTanbHOro 03HAKOMJ/IEHUS C OLLEHKOlM BEPOSITHOCTU paspyLleHUss — CM. CCbI/IOYHbIe [OKYMEHTbI MO MeXaHu-
Ke paspywenusn B [28]. FAD, cooTBeTcTBYylOWas opmynam pacnpocTtpaHeHusa TpewmH (D.1) n (D.3). pacnpocTpaHsieTca
Ha ynpyroe n ynpyronnsctnyeckoe nosejexHue metanna. Y mMetannos, N1acTUUHbIX B KOHKPETHON cpege, 3HadeHwve Jl[Ta,
6yfileT 3HaUMTENbHBIM W AaBfieHne paspylleHns GyfeT COOTBETCTBOBATbL yNpyronaacTuyeckoin yactun kpusoit FAD. Y me-
TannoB. Xpynkux B onpeAenieHHoli cpefe, 3HaveHnue 1Gra, 6yAeT HU3KMM U faBneHue paspylieHus 6yaeT COOTBETCTBO-
BaTb ynpyroii yactu kpueoii FAD.

[ns nonyyeHus gaHHbIX O nokasartesne H|*a, 6bln1 UCNONb30BAH PAfj 06pasyoB ANS UCMbITAHWUI HA MexaHuKy
paspyweHuns. Ana nonyyeHusa faHHbIX 0 nokasatene fcjmet metanna Tpy6 418 NMHeHbIX TpybonNpoBOAoB (Takke n3Bec-
THOM. Kak nokasatesnb kimax pacTpeckMBaHus nof AeiiCTBMEM HanpsXeHWil B eBpPOBOAOPOACOAEPXALLNX cpefax) Wnpo-
KO MCMO/sIb30Ba/IMCb 06pasLbl B BUAE ABYXKOHCOMbHONW 6anku. Takoii obpasel onucaH B ctaHgapTe [29] ana metoga D.
Ha Takom o6pasue genaeTcs Hagpes UAu nNpeABapuTeslbHO HAHOCUTCA TPELUMHa, KOHLIbI ABYXXOHCO/bHON 6anku yaep-
XWBAKTCA OTKPbITbIMU MPK NMOCTOAHHOM CMELLeHUW MyTEeM HarpyXeHus C NoMoLbio KinHa. [IByXKOHCO/bHas 6anka
HarpyxaeTtcsi HacTo/bko, YTOObl KOA(P(UUNEHT NHTEHCUBHOCTW HAaMpPsHKEHUI B BepLUMHE TPeLwMHbl Kk 6bla Bbile K 1nax
meTanna. HarpyxeHHblii obpasel, nogsepraetcs BO3AeiCTBUIO UCAbITaTeNbHOI cpeAbl (Hanpumep, BOAHOIO pacTeopa
cepoBofiopoga). BHavane TpewHa pacTeT u Harpyska nagaeT (CMeLieHWe MoYTU MOCTOSIHHO), NPUIOXEHHbIN K najaeT,
noka He AOCTUrHeT kima(, W pacnpocTpaHeHWe TpeLnHbl OCTaHOBMTCHA. Yepe3 HeKOoTOopblli nepuoj nocne OCTaHOBKM
pocTa TpelmHbl U3MepeHHOe 3HauyeHue YyCUIus yganeHvus KauHa v3 ABYXKOHCO/IbHOTO ob6pasua u M3mMepeHHas AnnHa
TPeLMHbl UCMONB3YIOTCA ANA pacyeTa k nocne ucnbiTaHna. Ha aTtom atane fcjmg, paBeH k.

OueHKy nokasarteneii akcnayaTayMoHHbIX CBOWCTB TPy6 AN MPOBEPKN UX TOAHOCTY A8 NPYMEHEHMS NO HasHave-
HWI0O MOXHO BbINO/IHUTL C UCMO/b30BaHWeM KLUnx. COOTBETCTBYIOLLErO KOHKPETHON cpefde, npefcTasnsioweii nHTepec.
[ns oueHkn gaBneHns paspyleHns ob6cafHblX U HACOCHO-KOMMPECCOPHbIX TPy6 B onpejefieHHOl cpefe Tpebyetcs
n3mepeHue /clta, B 3TOI cpefie U ero cpaBHeHWEe C MakCUMaslbHbIM 3HAaYeHWeM k B npefenax KOMMOHeHTa. 3HayeHue K
3aBUCUT OT reomeTpumn Tpybbl, reOMeTpUN HecoBepLUEHCTBA W MPUIOXEHHOW Harpy3ku. Mpu Nl060M JaHHOM XuMuyec-
KOM cocTaBe yBe/iMyeHue npefena TeKyyecTu 0OblYHO BefeT K NOoHWkeHuto 3Havyenmsa fdmat. OgHako flta) mMoxeT
YBENIMUMBATLCA WM YMEHbLIATLCA C yBeNUYeHnem npegena Teky4ecTu npu U3MEHEHUW XMMUYEeCcKoro coctasa, a Takke
TeXHONorMM TepmoobpaboTkM 1 TEXHONMOTMM NMPOM3BOACTBA. TemnepaTypa, pH 1 KOHLEeHTpauns NoHoB cynbduaa BASIOT
Ha BA3KOCTb paspylueHusi nog Bo3geiicTBuem cpefbl. MNpu yBennyeHun temnepartypbl U pH BSA3KOCTb paspylleHus me-
Tanna nop BO3AeWCTBMEM cpefbl Takke yBenmunaeTcs. MUKPOCTPYKTypa Takke MOXeT MOBAVATb Ha BA3KOCTb paspy-
LWeHns nof Bo3feiicTBuem cpefbl. Y MeTannoB ¢ 60/iee BbICOKMM cofepxaHuem NpoAyKToB (asoBbix NpeBpaLleHuid,
Takux kak 6eiiHNT 1 NepauT, BA3KOCTb paspyLueHns noj Bo3feiiCTBUEM Cpefbl HUXe, YeM y MeTaslfI0B, UMELUX MapTeH-
CUTHYIO CTPYKTYypy. MNOBbIEHNE NapLuanbHOro AaB/ieHWs CepoBOAopoAa NOHMKaeT BA3KOCTb paspylleHns nog Bospeit-
cTBMeM cpefpl. MapunanbHoe faBneHue CepoBOAOpPOAa PacCUWTLIBAIOT Kak NpousseAeHne abConNloTHOrO AaBneHus v
MOJISIPHOI A0NM cepoBoAOpofa B rase.

D.2.2lonyueHns n orpaHnyeHns

Hwxe npuBegeHbl fgonylieHnsa Ans MeToga ¢ Mcnosib3oBaHneM Kpmeoi FAD:

- yuuTbiBaeTCs TOMbKO paspylleHune ¢ hopmupoBaHuem TpelyH Tuna |. TpewjmHa 3TOro Tmna pacnpoctpaHseTcs
nepneHAuKYIPHO K MPUIOXEHHOW Harpyske, T. €. NPOUCXOANT YBENNYEHUE LUMPUHbI TPELMHbI, @ He CABWT, KakK y TpeLyuH
Tuna Il, nnu cpes, kak y TpewmnH Tuna lli;

- B KauecTBe 06Liell 0OCHOBbI AN51 kpMBOIK FAD MCnonb3yeTcsi MexaHuka ynpyronaiacTuyeckoro paspyLleHusi, Hauu-
Hasi oT J-uHTerpana. lokasaTesnb k SIBNAETCA KpUTepuem AN TPeluHbl B CTeHKe TpybObl B paMkax NUHeHoW Teopumn
ynpyrocTu. MNepeceyenue k, n kpusoii FAD onpegensieT gasneHve paspylweHnus. [nybvuHa HecoBepLUeHCTBa Tuna TpeLn-
Hbl MPU 3TOM AO/KHA 6bITb NPUHATA PaBHON KOHTPO/IbHOMY YPOBHIO HACTPOIkM 060OpPYy[OBaHUS;

- Tpy6a npuHumaeTca 6eCKOHEeYHO A/IMHHOW C GeCKOHEeYHO A/MHHbIM HEecOBEepPLIEHCTBOM TuMa MpoAOSbHOW Tpe-
L MHbI:

- NpoAo/bHasA TpeLnHa HaXo4UTCA Ha BHYTPeHHel NoBepXHOCTW Tpybbl. BAnsaHue npofonbHOW TpeLyHbl Ha BHYT-
peHHell NOBEPXHOCTU TPy6bl HEMHOTO MEHbLUE, YEM B/VSHUE WAEHTUYHON TPeLwHbl Ha HapyXXHOW NOBEPXHOCTU TPYObI:

- faBneHne AeicTByeT Ha KPOMKU TPeLyuHbl;

- npefenbHble 3HAYeHWA AaBfeHns NaacTUYeckoro paspyleHus noj AeiictBuem ocesoit Harpyskn PiRa (kak
ykasaHo B 7.5) o3HaualT paspylueHue no TUMy NaacTU4eckoro paspyLlleHus.

D.2.3dopmyna npegenbHblX 3HAYEHUN paspyieHns

MpepenbHoe AasneHne paspyleHus Tpybbl onpegensawT no dgopmyne (D.1), ee HeNb3s pewnTb B ABHOM Buae
ANA BHyTpeHHero AaBneHus PIF npu KOTOPOM Npou3oiigeT paspyLlleHne, ero HY)XXHO onpeAenAaTb MeTo4oM uTepauuii
nyTemM 4MCNOBOro KOAMPOBaHWUA nnun rpaduyeckn. Popmyna (D.1) ocHOBaHa Ha MexaHWKe paspylueHus u npegcrasBnseTt
co6oii hopmyny Ana onpefeneHus npefenbHOro AaBfeHUs paspylueHnsa BCNefCTBME PacnpoCTpaHeHUs CyLecTBEHHO
TpewwHbl. Popmyna (D.1) He NOAXOAUT ANA Ciy4vas paspyLleHus npu BO3AeCTBMM OKpyXalLeid cpefbl Tpy6, He nveto-
LMX TPeLMHbl 3HAYUTENIbHOW FNY6GUHBI.
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“(Ifo

(I- 0.14i.*)[0.3+0.7exp(-0.65L®)] =

Moat
D-1
2 3 n (0-1)
2o MM o2 i * 463 & 4564 2
~2~* f - \]
nnun PjF = PIRy ecnu PiRa MeHblue pelleHus no copmyne (D.1).
roe L, — KoahpmUNEHT Harpysku, paBHbIl - £2 ‘o Tf -Ea]' (D.2)

P,F— BHyTpeHHee faBfieHne npu paspywexHun. MMa:
d — BHYTpeHHWIi guameTp Tpy6bl, paBHbii (D - 2f). Mm:
f — HOMUHaNbHas ToNWMHA CTEHKU TPYObI, MM:
O — HOMUHANbHLIN HaPYXHbIA AvameTp Tpy6bl, MM:
a — B chopmyne npefenbHbIX 3HaYeHUi — Hanbonbluas dakTuyeckas rnybuHa HecoBeplUeHCTBA Tuna TPeLyuHbl,
B hOpPMynie NPOEKTHbIX MNpefAesbHbIX 3HAaYeHWuli — MakcumasibHas ry6uHa HecoBepLIEHCTBa TUNa TPeLVHbI,
HeBbISAB/IEHHOTO CUCTEMOI KOHTPONS;
oy — npejgen Teky4ecTu npefcTaBuTenbHOro obpasua npu pactskeHun. MMa;
*iirat — koaddpULMEHT BSA3KOCTU paspylleHns MeTanna B onpefeneHHoil cpepe. MMa M,B;
Gc, G). G2. G3. G4 — koa(hULMeHTbl BAMAHUSA ANA KpMBOA FAD npefenbHbIX 3HAUYEeHW;
PIR — BHyTpeHHee faBneHne npu niacTuyeckoM paspyllieHun Tpybbl C TOpLeBbIM ynaoTHeHneM. MMa;
PIRa — PIR c nonpaBKoii Ha 0ceBYyl0 Harpy3ky W HapyxHoe gasneHue. Mra.
NeBas vacTb copmynbl (D.1) npeacTtaBnsieT co6oit kpusyt FAD. Mpasas yacTb popmynbl (D.1) npeactaBnset
€060/ KOIPMULNEHT MHTEHCUBHOCTY HANPSHKEHWIA K-
B Tabnuue D.1 npuBefeHbl ucnonb3yemoble B popmyne (D.1) koadbduuneHTbl BamaHus GO. G,. G2, G3. G4 gnsa
NPOAO/IbHOW TPEeLVHbI, PACNONI0KEHHO! Ha BHYTPEHHe NOBEepXHOCTU TPpybbl. BnusHue 3TON TpewuHbl HEMHOTO MeHb-
e. YeM TPeLMHbl Ha HapyXHO NOBEpPXHOCTW TPY6bI.

Ta6nunuya D.1— 3HayeHNs kKOIPDUUNEHTOB BAMAHMA AN KpuBoik FAD

dll unm dmli/i aft G, G, Gj a4
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

MpumevyaHune — KoadhduumeHTbl BInsHUS Go, G,. G2. G3, G4 npuBefeHbl B COOTBETCTBUM CO CTaHAapToMm [27].
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B ctaHgapTe [27], Tabnuua C.9, npuBegeHbl koadduuneHTsl BansHusa GO, G,. G2. G3, G4. npuyeM ynomsHyTas
Tabnmua no3BonseT NoNyYnUTb NMPOMEXYTouUHble 3HadeHus dil uan dwMlll n alt MeTogoM MHTEpnoNAUUK.

D.2.4 dopmyna NpoeKkTHOro faB/eHns paspyleHus Tena Tpy6bl, BbI3BAHHOTO pacnpocTpaHeHnem HecoBep-
LeHCTBA TUNa TPeLynHbI

dopmyna Ans pacyeTa NPOEKTHOro AaBfieHUs paspylieHus Tena Tpybbl, BbI3BAHHOTO pacnpocTpaHeHWeM Heco-
BEPLUEHCTBA TUNa TPeLMHbl, UMeeT cneaylowmnii Bug

(fa)l
(1- 0.147f)[0.3+0.7expf- 0.65L%)].

(D.3)
2
3 bk
T3, - 3 Y] a -4G3 a I+ fifi, a
P 2 0. k A *,
- *wall Was1 ~ *all t
nnn PIF= P|Ra. ecnn P MeHblue peleHus no copmyne (0.3).
roe Lf — koadhpuuymeHT Harpysku, paBHbli | ! ¥3 PF - 8 . (D.4)
n c yron

PIF — BHyTpeHHee faBfieHve npu paspyweHun. MMa;

— 3afaHHbli MUHUManbHbIA NpeAen TekyyecTu npu pacTskeHun. MMa;

dwaii — BHYTPeHHWIA fuameTp, paccumTaHHblil ¢ KO3 PULMEHTOM paBHbIii (O - 2A*ay/),mMMm;

D — HOMMWHasbHbIA HapPYXHbI AgnameTp Tpybbl, MM;

a — B hopmMyne npefesnbHbIX 3Ha4YeHUi — HanGonbluas dpakTuyeckas rny6uHa HEeCcOBEpLUEHCTBA TUMA TPELWHbI; B
cdopMynie NPOEKTHbIX NpeAenbHbIX 3HAYeHWn — MakcumasibHasi rny6uHa HecoBeplueHCTBa Tuna TPeLUuuHbI,
HEBbISB/IEHHOTO CUCTEMOW KOHTPONS;

fc*an — koappuLMEHT, yUnTbIBAIOLLMIA YCTAaHOBMIEHHOE Npefe/ibHoe OTKIOHEHVE TOMLWMHbI CTEHKU TPY6bI, paBHbIi 0.875

ANS npefenbHOro OTKNOHEeHUA MuHyc 12.5 %;

t — HOMMHaNbHas TO/LWWHA CTEeHKU TPy6bl, MM;

/Qmet — koadppMLMEHT BA3KOCTM paspylleHus MeTanna B onpefeneHHoi cpege. MMa mMm'E

Gg. G.. G2. G3. G4 — Ko3(hhULMEHTbI BINAHUA ANS KpUBOWA FAD npefenbHbiX 3HaUYEHWIA:

PiR— BHyTpeHHee gaBneHue npu NaacTUHecKoM paspylueHun Tpybbl C TOpLEeBbIM YNioTHEHNeM. MMa;

PiRa— P« ¢ nonpaBkoii Ha oceByl0 Hady3Ky u HapyxHoe fasneHune. MMa.

B chopmyne (D.3) ucnonb3yotca koadduumneHTsl BamaHua GO. G,. G2, G3, G4. ykasaHHble B Tabnuue D.1.

NeBas vacTtb copmynbl (D.3) npeacTaBnset coboit kpuByto FAD. Mpasas yacTb popmynbl (0.3) npeacraBnset
€060/ KO3 PULMNEHT UHTEHCUBHOCTU HanpskeHuin k,. ®opmyna (0.3) npepHa3HayeHa ANA onpefesieHnss NPOEKTHOro
[laBneHns paspylleHuns Tena Tpy6bl, BbI3BAHHOIO pacnpocTpaHeHWeM CyLLeCTBEHHOW TpeLyHbl NoJ BO3AeNCTBMEM OKPY-
xatowei cpegpl. ®opmyna (0.3) He nMOAXOAMT ANA CAyvas paspylweHus Tpyb, He umellWwnx TPeLwuHbl 3HaYnTeNbHO
rNy6uHbI.

Ha pucyHke D.1 nokasaHa 3aBUCMMOCTb MPOEKTHOrO faBfeHust paspyLueHns, paccuntaHHoro no cpopmynam (0.3)
n (D.4) ons obcagHoi Tpy6bl rpynnbl npoyHocTM C90 HapyXHbIM AgnamMeTpom 177.80 MM ¥ TONWMHONK cTeHkn 18.54 mm.
oT KoadphuumeHTa BA3KOCTWM paspyleHus #mal. npu ypoBHe npuemku 5% (Npu aBTOMATU3MPOBAHHOM KOHTpOse)
n koapuumneHTe fcmal, yuynTbiBalO W MM YyCTAHOBNEHHOE NpefjenbHOe OTKNOHEeHWEe TONW WHbI CTEeHKW TPpy6bl.
pasBHoM 0.875.
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MpumeuvaHunsa

1 Mo ocu X — kitrtf, MMNa =mM,/2 nnn mm.

2 Mo ocn Y — npoekTHoe AassieHne paspylieHusa. MMa.

3 Tpy6a: HapyxHblii gnametTp — 177.80 MM. ToNWMHA CTeHkn — 18.54 mm. rpynna npoyHocT — C90. ypoBeHb
npuemkn — 5 %. KoadhUUNEHT ksa/l, yuYnTbiBAOLWNIA YCTaHOBNEHHOE MpeAenbHOe OTKAOHEHWE TOMWMWNHbI CTEHKN
Tpy6bl — 0.875.

PucyHok D.1 — BnusiHue k”ai Ha faBneHue pacrnpocTpaHeHus TpewuHbl

D.3 PaspylueHue, Bbi3BaHHOE 3apoX/jeHnem TpeLnHbl N0 BO3A4eNCTBMEM OKpyXatoLLeil cpefbl

D.3.1 O6wune nonoxeHus

Mop Bo3gelicTBMEM onpefeneHHol cpeAbl B MeTanne MOryT BO3HMKaTb TPEL|WHbl, KOTOpble MOryT NpuBecCTH K
paspyLleHnio MeTanna, faxe ecnv B HeM paHee He 6blf10 TPelmnH. Takoe paspyLueHne Bbi3biBAETCS COYeTaHWEM 3apox-
[leHns TpeLyHbl U CTabyNbHOro pocTa TPeLuHbl Noj BO3AeiiCTBMEM OKpYyXarLeli cpedbl, NPUBOAALLETO K pa3pyLUEHHUI0.
Mo 3Toil nNpuunHe ANs NpefoTBpalleHUst paspylleHus BCNefCTBME pacnpoCTpaHeHus TPeLwnH [O/kHbI 6biTb cobnoge-
Hbl ycnosus, onpegensembie no gopmyne (D.2), n KpuTepuii 3apoxaeHns TpewjuHbl Noj BO3AeWCTBUEM OKpyXatollel
cpegbl, onpegensiemsblii no copmyne (D.3). CuutaeTcs, 4TO TpewmHa 3apoxgaeTca nof BO3feiicTBMEM OKpyxatolyei
cpeabl Toraa, korga skBMBaneHTHOe HanpskeHvne oH Museca npesbilaeT Tak Ha3biBaeMoe MOPOroBOe HamnpskeHue
aT MeTanna. flaBneHve paspylieHusi, NpUBoAsLLEE K 3apOXAEeHNI0 TPeLHbl Noj BO3AelCTBUEM OKpyxatouleli cpeabl v
cosjatwllee IKBMBaNIEHTHOE HanpsxeHne hoH Museca. JOMKHO ObiTb PaBHO MOPOrOBOMY HAaMpPsHXKEHWIO, T. €.

o0=o0T. (D.5)

rAe<tB — 3KBMBAJIEHTHOE HanpshkeHue. MMa;
0|h — noporoBoe HanpsxeHune. MMa.

MoporoBoe HanpsixeHne MOXeT 6blTb PasNYHbIM ANA PasHbIX MeTannos v cped. OnpeAeneHne NOHATUSA «MOPO-
roBOe HanpshxeHue» npusefeHo B cTaHgapTe [29]. O6bIYHO NOPOroBoe HanpshkeHue onpefenserca nyTeM nposBefeHns
cepun nCMbITaHWii Ha pacTsXeHne B KOHKpeTHol cpegde no metogy A NACE. B xofe wucnbiTaHus Ha pacTsxeHue obpa-
3el, paspyliaeTcs npyu JOCTUXEHUN HanpshKeHUsi, NPeBbilIAOLLLEro NOPOroBbIii YpOBEHb, NPU HaMPSXEHUU HUXE MOopo-
roBOro ypoBHA obpasel, 4O/KEH BblaepxaTb UCMbiTaHne. B ceposogopoAcogepxallieii cpefe NoOporosBoe HanpsikeHwe
06bIYHO HMXe npefena TekyvyecTu metanna.

3apoxjeHve TpelMHbl NoA BO3JeiiCTBMEM OKpyXallieil cpejbl yalle BCEro MOXeT HauMHaTbCA Ha [He paKkoBu-
Hbl. 06pa3oBaHHOl KOppO3MWeid, 1 3aBUCUT OT coyeTaHus napameTpoB cpeabl (CO02. pH. H2S). TemnepaTypbl, MUKpPO-
CTPYKTYpbl MeTania n MexaHU4Yecknx HanpshkeHwin. Huxe nmoporoBoro ypoBHsS coueTaHusi 3TuX (DakTOpOB 3apoxieHune
TpeLHbl He NMPOUCXOAWT, Bbille MOPOroBOro YPOBHA — 3apoxeHue TpeljuHbl NpoucxoauT. B 60MbLIMHCTBE Clyyaes
MexaHu4eckne Harpysku Ha Tpyby NOCTOSIHHbI W TpeluHa nocse BO3HUKHOBEHUS NPOAO/HKAaeT pacTu NpUBOAA K paspy-
weHno. Takum obpasom, cuTyauus yxyalwaerca A0 Tex Nnop. noka TpeliMHa He AOCTUrHeT onpefiesieHHoro pasmepa u
HecTabunbHoe pacnpocTpaHeHue TpeluHbl NpuBeAeT K OKOHYaTenbHOMY paspylleHuto. Mepnoj oT 3apoxaeHus Tpe-
LWMHbI A0 HECTABbUIbHOrO pPacnpocTpaHeHus TpelwuHbl — BeNuynHa HeonpefesieHHas, NoaToMmy crefyeT He gonyckaTb
3apoXAEeHNsA TPeLWnHbl 1 B TO Xe BpemMa nojfepxusaTb 3KBUBaNeHTHOe HanpshkeHue oH Mwuseca Ha [OCTATOUYHO
HU3KOM YPOBHE MO CPABHEHMWIO C MOPOrOBbIM HaMNpPsHXXeHNeM.
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MpepenbHoe AaBneHve Havyana pacnpocTpaHeHWs TpeluHbl — 3TO JaBfieHue, Npu KOTOPOM 3IKBMBANEHTHOE
HanpshxeHne oH Museca paBHO MOPOroBoMy HanpskeHuto [opmyna (D.5)], npu 3TOM 3KBMBAIEHTHOE HamnpsxeHue
hoH Museca paccunTbiBalOT NO HOMWHANBbHLIM pasmepam TPpybbl N kO3 PULMEHTY, yunTbiBaOLWEMY YyCTaHOB/IEHHOE
npefenbHoe OTKIOHEeHWe TOMWMHbI CTEHKM TPYGbl kK m . [insi yyeTa pasbpoca hakTMYeckoro NoporoBOro HanpskeHus
[OMKHA COXpaHATbLCS pasHuua Mexay NpuioXeHHbIM (pabounm) 3KBUBANEHTHbIM HampsHKeHWeM U pacyeTHbIM MOpo-
roBbIM HanpsxkeHuem.

Kak n B thopmynax TekyyecTu, aKBMBaseHTHOe HanpshkeHune oH Museca ncnonb3yloT ANS Npeobpas3oBaHus oT-
[eNbHbIX TPeXMEPHbIX HAaNPsXKeHWU B eAunHbIA napameTp A8 CpaBHEHWS C NMOPOroBbIM HanpsbkeHnem. JKBUBaANEHTHOe
HanpshxeHne 1Cnonb3ylT NOTOMY, YTO MO AaHHLIM UCTOYHMKA [28] OHO obecneunBaeT Hanbonee TOUHbI yYeT coyeTaHus
HanpshkeHWii, KoTopble BefyT K pa3pyLleHuntio BCAeACTBME 3apOXeHWs TpeLivHbl B CepoBofopofcoaepxalleil cpege.
®opmyna (D.5) npumeHuma TONbKO B Tex Cny4yasx, korga BHyTPeHHee AaB/ieHne npesblllaeT HapyxHoe AaBneHune. Pe-
3ynbTaTbl UCMbITAHUI Ha OCEBOE CXaTue [aloT OCHOBaHUS npeAnonaratb, 4YTO 3Ta hopMysa MOXET He NPUMEHSATbCS,
T. K. paspylueHve BCNeACTBME 3apOXAeHNs TPeLlHbl MOXEeT He NPOUCXOAUTb, eCIN cpefHee rugpocTaTmyeckoe gasrie-
HUe CTaHOBUTCA CXMMaLWUM. Takke Npu OTCYTCTBUM CKPyuMBaHUsSi pOpMysia MOXET He NPUMEHATLCS, ecin cymma
0CEeBOr0 HanpsHXKeHUs, pagnanbHOro HanpsHKEHWS U OKPYXXHOFO HanpsKeHUsi CTAHOBUTCA OTpuLaTenbHOW.

D.3.2 MNpumep pacyeTta

PaccunTaTb NMpoekTHOe AaBneHne pas3pyllieHusi, Bbi3BaHHOE 3apOoXAEeHWeM TpeLuVHbl Noj AelicTBMEM BHYTPEHHe-
ro gaBnexus, Ana o6cagHoit Tpy6bl rpynnbl NpoYHocT C90, HapPYXHbIM AvameTpoM 244.48 MM, TOMLWMHON CTEHKN
13,84 mm, npu o)1, paBHOM 621 Mrlla, ¢ TOPLEBbLIM YN/IOTHEHWEM, MPY NOPOrOBOM HanpshxeHuun, coctasnsowem 90 %
npegena TekydecTu meTtanna Tpyobbl, n koadduuneHTe k,m, pasHom 0,875.

Bravane akBuBasieHTHoe HanpsikeHue hoH Mwuseca NpuHMMAalOT paBHbIM MOPOrOBOMY HanpsHKEHWo, CoCTaBAso-
wemy 90 % npepena TekyvecTtu [popmyna (D.5)]. MNMpu coueTaHnn Harpy3ok Ha Tpyby ¢ TOpLEBbIM YNIOTHEHUEM U OTCYT-
CTBUM HanpshkeHWii KpyyeHnus u usrmba dopmyna (D.5) nprobpetaeT cnegywlwuii BUA. aHanornyHblii copmyne (8)
Ons PiYle (6.6.1.1):

0.9<mm
Pc=m ,12| (D.6)

/\*
3D* +< un . d« Z(F%D%all

(0 -0i.nj (or -«r)2

roe Pp — BHYTpeHHee faBfieHune npu paspyweHun. Mra;
6UTN — 3afaHHbli MUHUManbHbIA Npefen TekyyecTn npu pactsxeHnn. MMa;
O — HOMMWHasNbHbIA HapyXHbl gnameTp Tpy6bl, MM;
— BHYTPEHHWIA AnameTp Tpy6bl, MM. paccunmTaHHbI ¢ KO3 prLuMeHToM km>n, paBHblid (O - 2kTanl);
*.a3 — Ko3(h(puLMEHT, yunTbIBaIOWNIA YCTAHOBEHHOE NpeAesibHoe OTKAOHeHWe TO/LWMHBI CTEHKU TPy6bl, paBHbIi 0,875
ANna npefenibHoro OTKNOHEeHUs MUHyc 12.5 %;
( — HOMWHanbHas TOMLMHA CTEHKN TPYObl, MM;
d — BHYTpeHHWIi guameTp TpyObl, paBHblii (D - 21), MM.
Monyyaem paBneHve paspyllieHusi, Bbi3BaHHOE 3apoXAeHueM TpelluHbl, ANs Tpybbl, paccmaTpuBaemMoil B AaH-
HOM npumepe, pasHoe 60,6 MIMa.
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MpunoxeHune E
(cnpaBoyHoE)

PacueTt rIpOEKTHOVI CTOKOCTW K CMATUIO MO pe3ynbrtartam UcnbITaHWA Ha cMATHE

E.1 O6uwue nonoxeHuns

B HacTosiL eM NPUIOXKEHUN ONUCbiBAeTCsA onpejesieHne NPOeKTHON CTOWKOCTW K CMATUIO NO pe3ynbTaTam
MCNbITaHU Ha cMATHE TPpy6, M3rOTOBMEHHbLIX He Mo TOCT P 53366. Takux kak Tpy6bl 0C060 BbICOKO MPOYHOCTM
Ha CMATUE WK cneunanbHbIX TPYNN MPOYHOCTW ANS 3KCNAyaTaluuu B KUCAbIX cpepax (Hanpumep C110).

HacToAu ee npunoxeHne Takke MOXeT 6GblTb NCNONb30BAHO A/ pacyeTa NPOYHOCTU HA cMATME TPYyO6.
N3roToBNEeHHbIX no TOCT P 53366.

MpoekTHble 3Ha4yeHus CTOWKOCTWM TPyb K CMATMIO, onpefensieMble MO pe3ynbTataM WCMbITAHWI, MOABEPXEHbI
CTaTUCTMYECKO HeonpeaeneHHOCTU. HeonpeaeneHHOCTb Bo3pacTaeT Npu yMEHbLWEHWN MacCuMBa faHHbIX n. [na 3Ha-
YNTENbHOrO MaccuBa AaHHbiX (12 1000) eB BANSHUEM MOXHO NpeHebpeyb ¥ MPOEKTHYI0 CTOMKOCTb K CMATUIO onpeje-
NWTb. Kak onucaHo B E.3. N He3HAUYMTENIbHOTO MaccuBa AaHHbIX (N < 1000) 3TO BAWAHWE CYLLECTBEHHO M CTOWKOCTb K
CMATUIO CriegyeT paccunTbiBaTb, kKak onncaHo B E.4. B 060ux cnyyasx npegnonaraercs, YTO CpefHWe 3HauvyeHus v pas-
6pocC pe3ynbLTaToB NOCTOSHHbLI B MpoLecce Npou3BOACTBA.

E.2 Pe3ynbTaTtbl UCMbITAHUI HA CMATHE

PesynbTaTbl UCMbITAHUIA HA CMSATME AO0/KHbI OblTb MOMYYeHbl ANA KaXAOro covyeTaHus pasmepa, Macchl, rpynmnbl
NPOYHOCTM M TEXHOIOTMU NPOM3BOACTBA TPY6, A1 KOTOPbIX AO/KHbI 6bITh PacCUMTaHbl 3HAYEHUSI NPOEKTHOI CTONKOCTM
K cmATU0. MoapasymeBaeTcs, YTO TeXHOMorus npoussogcTea Tpy6 BkaovaeT hopmoobpasoBaHve, TepMoobpaboTKy u
poTauuMoHHyto npasky. JnnHa o6pa3uos A5 UCMbITAHUA [0/MKHA BblTb HE MeHee:

- BOCbMMW HapyXHbIX AnameTpoB Tpy6 — ANA TPpy6 HOMUHANbHbIM HaPYXHbIM AnameTpom 244.48 MM 1 MeHee;

- CeMU HapyXHbIX gnameTpoB rpy6 — ana tpy6 HOMWHaNbHbIM HapyXHbIM AnameTpom 273,05 mm u 60neB.

E.3 3HauuTeNbHbI Maccus AaHHbIX

MpOEKTHY CTOMKOCTb K CMAITUIO paccyuTbiBalOT No cnegyolleli hopmyne

Pdos = ps-2,576as. (E.2)
rae Pigo — MpPOEKTHOe faB/fieHne CMATUA ANA 3afaHHOro YpoBHA HapaexHoctn 0,5 %. MMa;
p4 — cpepgHee 3HauyeHve faBfieHNs CMATUA ANA Habopa pe3ynbTaToB WCMbITAHWI Ha cMATHE;

r(PuMl-»>?

— CcpeAHekBagpaTUYHOE OTK/IOHEHWE HaBGopa Pe3y/bTaToB UCMbITaHUI Ha CMsiTUe, paBHOe n-1
PuW, — npegensHoe pasneHue cmatus. Mra:
Nl — KOJINYECTBO MCMbITAHUN HA CMSATUE.

dopmyny (E.1) He cnegyeT ucnonb3osartb npu n < 1000.

E.4 He3HaunTenbHbIi MaccuB faHHbIX

E.4.1 MeToq pacyeTa

MpOEeKTHYI0 CTOMKOCTb K CMATUIO ONPeAensatoT no crneayowein gopmyne

= P4-*, cts. (E.2)
rae Puab 095 — npoekTHoe pasneHue cMaTusa. MMa, ¢ foBepuTenbHbIM YpoBHEM 95 % ANA 3a[jaHHOTO YPOBHSA HaAEXHO-
ctn 0.5 %;
p* — cpegHee 3HauyeHWe [JaBNeHUs CMATUS ANA Habopa pe3ynbTaToB UCMbITAHWI Ha CMATUE:

<5 — cpefHeKBapaTUYHoe OTKIOHEHVE HaGopa pe3y/bTaToB UCMbITaHUI Ha cMATVe, paBHoe 1 .=

I/l ]

PW1 — npepgenbHoe AaBneHne cmaTtusa. MMa;
N — KONMMYeCTBO MCMbITAHUI Ha CMATUE;
K, — MONPaBOYHbI/i KO3(MULNEHT ANA MacCKBa AaHHbIX, NPUBEAEHHbI B AokymeHTe [30). Tabnuua G.1 us

Ta6bnuuye E.1HacToAwero ctaHgapTra.

Tab6nuuya E1— MNonpaBoyHblii KOIPAPULMEHT K, AN MacCMBa AaHHbIX NPV 3af4aHHOM foBepuTenibHOM ypoBHe 0,5 %

n K, n * n *e n *

3 11,628 7 5.103 12 4.122 20 3,628
4 7.748 8 4.787 14 3.944 25 3,478
5 6.313 9 4.556 16 3.812 30 3,376
6 5.566 10 4.378 18 3.710 35 3,300
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OkoH4YyaHue Tabnuubl E.1

n . n n ft. n K,
40 3.242 90 2.987 150 2.884 700 2.710
45 3.195 100 2.963 200 2.837 800 2.701
50 3,157 110 2.942 300 2.786 900 2.694
60 3.096 120 2.925 400 2.756 1000 2.688
70 3.051 130 2.910 500 2.736 oc 2.576
80 3.016 140 2.896 600 2.722

3HaueHus kt. He yka3aHHble B Tabnuue E.1, paccumTbiBalOT B COOTBETCTBUM C JOKyMeHTOM [30] no cnepytouei
thopmyne

K,= 24.32720 - 57.45545 log,0n + 72.10244 (loglOn f - 52.72779 (log,0n f +

(E.3)
+23,64113 m(log,0n)4- 6.41648 (loan,0n)5+ 0.96953 (log,0n f- 0.06267 (log,0n)7.

BeposiTHOCTb TOro, 4To 0<% oKaXeTcsi HWXe 3HAYEeHUS, paccuUMTaHHOro A5 6eCKOHEeYHO 3HAYUTENbHOro
MaccuBa AaHHbIX (1 = «). coctaBnseTt 95 %. dopmyna (E.3) npumenuma ansa 10 2 n <. 1000. Ee He cneayeT ucnonb3oBaTb
ana n < 10.

Ha pucyHke E.1 nokasaHo, Kak MEHAeTCS yMeHblueHWe MPOEKTHON CTOMKOCTM K CMATUIO B 3aBUCUMMOCTW OT N U
KoadhpmumeHTa Bapvaunm, paBHoro cdpd. ObpatuTe BHUMaHWeE, YTO aHann3 He noApasymMeBaeT TOro, YTO CPeAHsA CTON-
KOCTb K CMATWIO yMEHbLUAeTCA BMeCTe C /1. CKopee HaobopoT, YMeHbLUEeHNe NPOEKTHOW CTOMKOCTU K CMSATUIO No3BonseT
y4yecTb HeonpeneneHHoCTb BbIGOPKM C YMeHbLUEHUEM /1. [INA He3HAauuTe NbHbIX MacCMBOB AaHHbIX 0ObIYHO HeaoCcTaTou-
HO yunTbiBaeTCa cpeAHekBagpaTuyeckoe oTkNOHeHne — cm. [30].

E.4.2BbiBOA hOpMYibl

1 — koatphuuymeHT Bapnauun -- 0.09. 2 — koapduumeHT sapuayum -- 0.06.
3 — koadhduyneHt Bapuauymn — 0,03

MpumeuvaHuns

1Mo ocn X — mMaccuB faHHbIX.

2 Mo ocn Y — yMeHblUeHMe NPOEKTHOW CTOWKOCTM K CMSATUIO OTHOCUTE/IbHO npejena 3HauuTeslbHOro maccusa
AaHHbIX. %.

PI/ICyHOK E.1 — YMeHbleHne I'IpOeKTHOVI CTOWKOCTM K CMATUIO B 3aBUCUMOCTM OT MaccuBa AaHHbIX

Mo Mepe yMEeHbLUEHNs MaccuBa AaHHbIX HEONPEAENIeHHOCTb CPEAHEr0 3HAYEHWUA W CpefHeKBaApaTU4ecKoro
OTK/OHEHUSA BbIGOPKM YBENIMUMBAETCA, U OHU AO/MKHbI CUUTATHCA MPOU3BO/bHBIMU NEpPeMeHHbIMU. [N rayccoBoii coBO-
KYMHOCTU CpefiHee 3HauyeHWe BbIOPKU XapaKTepusyeTcs rayccoBbiM pacnpefefieHnemM, a U3MEHUNBOCTL BbIGOPKU Mof-
UMHAETCA pacnpefenieHnio Keu-kBaapar, onucaHHoMy B [31]. cOOTBETCTBEHHO pacnpefesnieHve MUHUMasbHOW Bennuu-
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Hbl npoucxoauT no CTbloAeHTy (HeueHTpanbHoe (-pacnpegeneHune), kak onucaHo B [32}—[34]. faHHble Tabnuubl E.1
6bInn paccunTaHbl No [35] ¢ ncnonb3oBaHUEM anropuTMa JleHTa ANs HeLeHTpanbHOW hyHKUUK (-pacnpefeneHns, Kak
onucaHo B [35]. 1 npoBepeHbl CNOCOGOM YMNCIEHHOTO WHTErPUPOBaHWA BblpaXeHWn PyHKLUN pacnpegeneHns BeposT-
HocTelh PuHHA. Kak onucaHo B [36] W (yHKUMM pacnpefeneHus BeposiTHocTeil Bonbpama, kak onucaHo B [37]. ansa
n £ 150. a Takke C MCNOMb30BAHMEM FayCcCOBOI annpokcumauun Aii3BHxapTa W Ap.. kak onucaHo B [38] ana n r 200.

E.4.3Mpumep

BEbino npoBefeHO LWeCcTbAecAT BOCeMb UCMbITaHUI Ha cMATUE ANs Tpy6 HapyxHbiM gvameTpom 177,80 mm. Ton-
LMHOW cTeHkM 8.05 MM. rpynnbl npoyHocT R95, noABepraembix ropsiyeili poTtaumMoHHON npaBke. KOHTPONbHbIE TOYKM U
TEeXHOMOTMYeckne napameTpbl NOAAEPXKMBAINCL B NpoLEcce NPOU3BOACTBa MOCTOAHHLIMW. CpeAHee 3HauveHue U cpep-
HekBaZpaTuyeckoe OTK/IOHEHWEe BbIGOPKU Gbin paBHbl 45.57 1 2,29 MMa cOOTBETCTBEHHO. MMPOEKTHY CTOMKOCTb K
CMATWIO onpeAensinu no cnegywowmnm opmynam:

- popmyne (E.3):

K, = 24.32720 - 57.45545 (log,c68)" + 72.10244 (1041068)2 - 52.72779 (1oal068)3 -
- 23.64113 ()oal®8)4 - 6.41648 (loglC68)5 + 0,96953 (loal068)B- 0.06267 (1og,0 68)7 = 3.059:
- chopmyne (E.2):

PO 0% = 45.57 - 3.059 2,288 = 38.57 MTlla.

PesynbTat pacyeta Ha 2,9 % npesbiwaeTt 3HavyeHne 39.68 MMa. paccuutaHHoe no copmyne (E.1), He yunTbiBato-
el nonpasky.
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MpunoxeHune F
(cnpaBoy4Hoe)

Pacuer I'IpOEKTHOI7I CTOMKOCTU K CMSITUKD MO MoKasaTesisiM KayecTBa

F.1 O6wme nonoxeHus

B HacTosl,eM NPUNOXBHUO OMUCLIBAETCS onpejeneHne NPpoekTHOW CTOWKOCTM K CMSATUIO MO nokasaTe-
nAM KayectBa Tpy6, M3roToBNeHHbIX He Nno FOCT P 53366. Takux kak Tpy6bl 0CO60 BbICOKOW CTOWKOCTM K
CMATUIO WAW cneymanbHbIX FPYNN NPOYHOCTM ANA aKCnAyaTauum B KMcnblx cpegax (Hanpumep C110). HacTtoawee
NPUNOXeHNe Takke MOXeT 6biTb WCNONbL30BAHO A4N1A pacyeTa CTONKOCTU K CMATUIO TPy6, M3roTOBAEHHbLIX NO
FOCT P 53366. PacueTbl JO/MKHbI 6bl Tb OCHOBAHbl Ha CTATUCTUUYECKUX AAHHbIX O KayecTBe TPpy6 W HeonpepeneH-
HOCTKN MOAenu.

MpoeKTHble 3Ha4YeHNs CTOKOCTK TPY6 K CMATWIO, onpefensemMbie No nokasaTesisM kayecTsa NOABEPXKEHbl CTaTu-
CTUYECKOl HeonpeAeneHHoCTW, KoTopas Bo3pacTaeT Npu yMeHbLIEHNN MaccuBa AaHHbIX n. [N 3HAYNTENbHOI0 Maccu-
Ba AaHHbIX (n r 1000) ee BAMSHMEM MOXHO MpeHebpeyb W NPOEKTHYH CTOWKOCTb K CMATUIO OMpeAenuTb, Kak onucaHo
B F.3.2 n F.3.4.1. lna He3HaunTeNbHOro Maccmsa faHHbiX (N < 1000) 3TO BANAHWE CYLLECTBEHHO M MPOEKTHYI CTOMKOCTb
K CMATUIO cnefyeT paccunTblBaTb, kak onucaHo B F.3.3 n F.3.4.2. B ob6oux cnydasx npegnonaraercs, 4To nokasarenu
KauecTsa OJHOPO/AHbI, T. €. CpejHVe 3HauyeHus n pa3bpoc nokasaTeneii NOCTOAHHLI B NpoLecce NpPov3BOACTBA.

PacueT cOCTOMT U3 [BYX OCHOBHbIX 3Taros.

- U3MepeHVe n cTtatucTuueckas obpaboTka nokasatesieil, onpefensoWmnx CTORKOCTb K CMATUIO (CPefHNI HapyX-
Hblii AnameTp, cCpefHAsA TONWMHA CTEHKW, 3KCLEeHTPUCUTET, OBa/lbHOCTb, NMpeAesn TeKy4yecTu, OCTaTOuYHble HanpsXeHus,
HeonpegeneHHoCTb Mogenn);

- BEPOAATHOCTHbI aHann3 C Lenbio onpefeneHns NoHmxawowmx koadduumeHTos, obecneynsanLmnx Heobxoan-
Mblii YPOBEHb CTOWKOCTU.

F.2 MokasaTtenu kayectsa

F.2.1 MNepeyeHb nokasartenei

MepeyeHb nokasaTeneil npusefeH B Tabnuue F.1. Vi3mepeHue kaxporo nokasatens NpoBOAAT B COOTBETCTBUM C
npunoxexHnem G.

Ta6nuyaFl— MNepeyeHb nokasaTenei

MNokasaTenb Mpouecc, onpenensiowwii nokasaresns
CpefHWil HapyXHblii anameTtp dopmoobpasoBaHme*
CpegHsa TONWMHA CTEHKM dopmoobpasoBaHme*
JKcueHTpucuTeT dopmoobpaszoBaHue*
OBanbHOCTb dopmoobpasoBaHme*
Mpepen Tekyyectn Tepmoo6paboTka, poTaLMoHHasa npaska
OcTaTtouHble HanpsXxeHus PoTauuoHHas npaska

[laBnexne cmsaTuS 0

* [eomeTpuyeckme nokasarenu He TpebyloTca AN Tpyb Tex pa3MepoB M Macchl, ANA KOTOPbIX onpefensercsa
NPOeKTHas CTOWKOCTb K CMATWIO, O4HaKO BblOpaHHbIVi MHTEpBaN pasMepoB W MaccChl JO/DKEH 6blTb NpeAcTaBUTENb-
HbIM 4NS faHHbIX TPY6.

b CTOWKOCTb K CMATUIO NPUMEHSAIOT TONbKO ANSA OLEHKN HeonpeAeneHHOCT Mofenu, No3TOMy UchbiTaHne Ha
CMATUe He ob6sA3aTesnbHbl AN TEXHONOINMYECKOro npouecca, BKAwvawlero gopmoobpasosaHune, TepmMoobpaboTky,
poTaLMOHHY0 NpaBKy, 47151 KOTOPOro onpeAensatoT pacyeTHYl CTOMKOCTb K cMATUio. OfHaKo MCNoMb3yeMblii Maccus
[aHHbIX JO/KEH OblTb NpeAcTaBUTENbHbIM ANA AaHHbIX TPy6.

F.2.2 AHanns nokasartenei

F.2.2.1 Pa3mep Tpy6 1 HanpsxeHus

CpefHwii HapyXHblii fuameTp, CPeAHIOn TOMLMHY CTEHKW, Mpeaen TeKyvyecTn U OCTaToYHble HanpskeHus 0606-
LWatT Npu NOMOLLM KOIMPULNEHTOB CMELLEHNA:

- ANA CpPefHero HapyXHoro guameTtpa B BUAe OTHOLIEHUS (haKTUUeCKOro 3HauyeHWsS/HOMWHAaNbHOrO 3HaYeHus:

- NS cpefHeli TONWMHBI CTEHKN B BUAE OTHOWWEHUA (haKTUYecKoro 3HauyeHWs'HOMKHaNIbHOTo 3HaYeHus:

- ANs npefena TeKyyecTu B BUAE OTHOLIEHWA (DAKTUUECKOro 3HauyeHns'safaHHOro MUHUMAasbHOTo npejena Teky-
yecTu;
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- ANS1 OCTATOYHbIX HaNpPsHXKEHKW B BUAE OTHOLUEHMS (haKTUYECKOro 3HaYeHWs 0CTaTOUYHbIX HanpsKeHuiidakTnyec-
KOro npegena Teky4ecTu.

Ans kaxporo koadpuymeHTa CMeLeHns BbIYNCAAIT cpefHee 3HavyeHne W KoahhuumeHT Bapuauumn, pasHbIii
OTHOLUEHUIO CPefHEKBAAPATUYHOTO OTK/IOHEHNS K CPeAHEMY 3HaYeHW0. DKCLEHTPUCUTET U OBa/IbHOCTb YXe SABAAITCA
cdopmoii cMeleHus, N NS HUX CpefHee 3HavyeHne U koadhuLMeHT Bapmayun noayyalT HenocpeaCcTBEHHO N0 M3Mepe-
HUAM HapyXHOro AgnameTtpa W TOMALWWUHbI CTEHKU.

F.2.2.2 HeonpepgeneHHoCTb Mogenu

HeonpepgeneHHocTb MoAenun onpefensaloT nytem pacueta:

- NPOEKTHOro faBfieHns CMATUA AN Kaxgoro obpasya, UCNbITbIBAEMOro Ha CMATWE, Npu NomoLlu opmysbl
npegenbHbiX 3HauyeHuii Kneeepa-TamaHo [hopmyna (33)] no cdakTuyeckum pasmepam Tpyb M M3MepeHHbIM Hampsxe-
HUAM;

- OTHOLEHUA (hakKTUYecKOoro U NPOrHO3MPYemoro AaBneHuii CMATUA ANS Kax[oro obpasua;

- CpefiHero 3HavyeHus n koaduumeHTa BapuaLm oTHOLWEHNSA (haKTUYECKOro N NPOEKTHOro AaBneHuid cMATUA ANs
BCEro MaccmBa faHHbIX MO WUCMbITAHUAM Ha CMSATHE.

F.3 PacuyeT CTOMKOCTU KCMATUIO NPU BEPOATHOCTHOM Noaxoae

F.3.1 MeTog pacueta

F.3.1.1 BeposTHOCTHbI NoAX0A,

CnepyeT ucnonb3oBaTtb 06Lenpu3HaHHblii MeToa pacuyeTta, Hanpumep FORM. SORM. MoHTe-Kapno.

F.3.1.2 ®dopmyna npegenbHoii CTOWKOCTU K CMATUIO

MpefenbHyo CTONKOCTb K CMATWIO BbIYUCAAIOT No dopmyne (49). MoxeT 6bITb Mcnonb3oBaHa 6onee obLwas gop-
mMa dhopmynbl Knesepa-TamaHo no [7]. HO Npy 3TOM HEO6XOAMMO MPaBWU/IbHO ONpefennTb AONONHUTENbHbIE KO3 durLM-
eHTbl NpW Knaccuukaumm no cTaTUCTUYECKN 3HAYMMOMY MacCWBY pesy/nbTaToB WCMbITAHWA Ha cMmsATuHe.

F.3.1.3 dopmyna NPOEKTHOW CTOMKOCTU K CMSATUIO

MMpOeKTHYI0 CTOMKOCTb K CMATMIO BbIYMCAAIT No dopmyne (37) ¢ NoHMKaLWMM koaduymeHTom kt a<n. paccum-
TaHHbIM MO cnegylolleli gopmyne

*Td« = 0.127a0y + 0.0039uC - 0.4407- + »«e (F.1)
Ynax —Artun
rAe w#, — CPeAHAs pacyeTHas OBa/bHOCTb, paBHas 100 ----—---- - - %
wava

Tak ~ *cran

— CpeAHuii pacyeTHbI 3KCLeHTpUcuTeT, paBHblii 100 u %;

prs — cpefHee pacyeTHoe OCTaTOYHOEe HanpshKeHWe npy OTPULATENTbHOM CXAaTUU Ha BHYTPEHHEeW noBepxHocTu. MMa;
l,y— cpefHee pacyeTHoe 3Ha4yeHue oy. MMa;
N, — KO3hhULMEHT, yunTbiBaoLWKii popMy KpMBOIA HanpsixeHue-gedopmanms, pasHbii 0,017— ans Tpy6, noa-
BEPrHyTbIX XON0AHON pPOTaLMOHHOW npaBke. 0 — 15 Tpy6, NOABEPrHYThIX ropsiyeli poTaLuMOHHON npaske.
F.3.1.4 YpoBeHb HaAexXHOCTn
YpoBeHb HaAeXHOCTU A0/KeH 6biTb paBeH 0.5 %.
F.3.2 3HaunTenbHble MaccuBbl AaHHbIX
VicxogHble mokasaTenun kavyecTtBa [0/DKHbI COOTBETCTBOBaTL Tabnuue F.2.

Tab6nuuyaF.2— BeposiTHOCTHblE faHHble A/ 3HAYUTENIbHbIX MACCUBOB AaHHbIX

MokasaTenb kayecTBa Pacnpepenerne MapameTpbl PDF
BEpPOATHOCTHK

CpeaHnii HapyxHblii guameTp laycca [eTepMUHUCTUYECKME [, O BbIYUC/SIOT,
CpefiHAs TOMLUMHA CTEHKM Kak ykasaHo B F.2.2.1
JKcueHTpucuTeT

[AByxnapameTpuueckoe [eTepMuHUCTUYECKNE B. C BbIYUCASIOT MO
OsanbHoCTb Beiibynna* cdopmynam (F.2) n (F.3)
Mpepen Tekyuectn laycca [leTepMUHUCTMYECKNE . O  BbIUUCASIOT,
OcTaTo4Hble HanpsHxXeHus Kak ykasaHo B F.2.2.1

HeonpeaeneHHocTb Mogenu

* B XyAWeM cnyyaB npu koadduumeHte Bapuaumm COV < 0.2, kak NpaBu/io, NPUMEHSIIOT pacnpegeneHune
laycca.
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Mpn HEo6XoAMMOCTU BMECTO JaHHbIX MHOXeCTBa MOXHO MCMO/b30BaThb faHHble ANA ONpeAeneHHOro 3HaveHus,
npueeAeHHble B cTaHgapTe [3]. nyHkTol F.3.4 n F.5.3. B aTom cnyyas pacnpefeneHune BeposATHOCTU 1 napameTpbl PDF
[O/MKHbI OTHOCUTLCSA, Kak NpasBu/o, K oTAenbHOW napTuu. BbibpaHHOe pacnpefeneHve BepOSiTHOCTU A0/KHO ObiThb
060CHOBAHO MOCTPOEHMEM YACTOTHOrO pacnpefenieHns JaHHbIX N0 BEPOSITHOCTHON LiKane, Kak onncaHo B [JOKYMeHTax
(40l n (412

[ns aByxnapamerpuyeckux pacnpegeneHuii Beiibynna napameTtpbl PDF BbIYUCASAIOT CrefylowmuMm o6pasom.

MapameTp dopmbl C aABnsieTca pelieHnem opmybl

rpe I — ramma-gyHkuma (39):
0 — cpefHekBajpaTVyHOe OTK/IOHeHWe;
L — cpefiHee 3HayeHue.
MacwTabHblii napameTp B onpegenstoT no cdopmyne

3

rae U — cpefiHee 3HauyeHwue;
I — ramma-chyHkuymsa no (39].

®opmyny (F.2) MOXHO pelwnTb METOAOM MTepauun UKW HaWTh ee KOPHW C NMOMOLLbI NOCTPOeHWA MacluTabHol
Tabnmubl.

F.3.3 He3HauuTeNbHble MAacCUBbI AaHHbIX

VicxofHble nokasaTenn kayecTBa [O/MKHbl COOTBETCTBOBaTb ykasaHHbIM B (31] (Tabnuua H.3) n Tabnuue F.3. Ans
no6bix nokasateneli kayectsa npy 1 2 1000 mMoryT 6bITb MCMOb30BaHbl NapameTpbl PDF fna 3HaunTeNbHbIX MaccuBoB
JaHHbIX no Tabnuue F.2.

Tabnwu ua F.3— BepOHTHOCTHbIe AaHHble ONA HEe3HaYUTEe/IbHbIX MaCCUBOB AaHHbIX

PacnpegeneHue
BEPOATHOCTHM

Moka3aTenb KauyecTBa MapameTpbl PDF

CpefHuit HapyXHbIii agnameTp [aycca CnyualiHble

CpefHuUil HapyxHblii gnameTp: cpef- [laycca u
Hee 3HayeHue

<is BbIYMCNAOT, Kak yka3aHo B F.2.2.1;

CpefHuil HapyXHbIii agnameTp: cTaH- [aycca* L, = 0S BbIYMC/IAOT, KaK yka3aHo B F.2.2.1;
fapTHOe OTK/IOHEeHne
Ca
(2n)0'5
CpefHAa TONWMHA CTEHKM [aycca CnyuaiiHoe
CpepgHAaAa ToNwWwMHa CTeHkW: cpefHee [aycca U = p4 BbIYMCNAIOT, KaK yka3aHo B F.2.2.1;
3HayeHne
CpefHss TOMMHA CTeHKW: cTaHaapT- [aycca* U = L., BbIYUC/IAIOT, kak ykasaHo B F.2.2.1;
HOe OTK/IOHeHune <a
° ~ (2n)05
SKcLeHTpucuTeT [ByxnapameTtpuyeckoe CnyuvaiiHble
Belibynnab
SKCUEHTpUCUTET: MaclwTabHbIi napa- ayccac us = B no cpopmynax» (F.4) u (F.5);
mMeTp oB no opmynam (F.6)— (F.9)
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OkoH4YyaHue Tabnuybl F.3

Moka3aTenb KavyecTBa Pacnpepenenne MapameTpbl PDF
BEPOATHOCTHU

JKCUueHTpUcuTeT: napameTp QOpmMbl HopmanbHoe norapudp- pc = C no dopmynam (F.4);
MuyeckoeO pc no copmynam (F.5)—(F.10)
OBasibHOCTb LByxnapameTtpuyeckoe CnyuvaiiHble
Beiibynnab
OBafibHOCTb: MacliTabHblii napameTp [ayccal pB = B no dopmynax» (F.4) n (F.5);

cB no cpopmynam (F.6)— (F.9)

OBasnibHOCTb: napameTp hopmbl HopmanbHoe nora- pc = C no dopmyne (F.4);
pudmmyeckoe0 ct no popmynam (F.5)—<F. 10)
Mpepen Tekyyectu [aycca CnyuyaliHble
Mpepen Tekyyectn: cpefHee 3HadyeHne [aycca p = PSBLIYUCAAIOT, KaK yka3aHo B F.2.2.1;
Mpeaen TekyyecTu: cTaHgapTHoe oT- [aycca* Ll = 0.MBbIYMCNAOT, Kak ykazaHo B F.2.2.1:
KNOHeHune
(2n)05
OcTaTo4YHble HanpsxeHus laycca CnyyaliHble
OcTaTo4Hble HanpsXxeHus: cpefHee [aycca p =  BbIUMCNAIOT, Kak ykasaHo B F.2.2.1:
3HayeHue
nos
OcTaTouHble HanpsXeHus: cTaHgapTt- [aycca* P = p4BblUMC/IAIOT, kak ykasaHo B F.2.2.1;
HOe OTK/IOHeHune
(2n)05
HeonpepeneHHocTb Mogenu laycca CnyyaiiHble
HeonpepeneHHocTb Mofenu: cpefgHee [aycca p = p4BbIYNCASAIOT, KakK yka3aHo B F.2.2.2;
3HayeHue
HeonpegeneHHocTb Mogenu: ctaHgapT- [aycca* p = Pj BbluMcnsaioT, Kak ykasaHo B F.2.2.2;
HOe OTK/IOHeHune
a .  x
(2n)05

* nalla2 umeer /.-kBagpaTHoe pacnpegeneHue, npu atom Oj — cTaHfapTHOE OTKIOHEHMe BbIOOPKM, @ 0 —

cTaHjapTHOe OTK/IOHEeHMe npouecca, HO NOCKOJIbKY O HEW3BECTHO, TO HEBO3MOXHO paccuuTaTb napameTtpbl PDF.
Ha npaktuke gnsa nr 20 MOXHO ucnonb3oBaTb napameTpbl PDF rayccosa pacnpejeneHus, Tak Kak napametpbl
PDF /-kBagpaTHOro pacnpefeneHus npu 3HaunTesnbHbIX Maccmeax (1) npubnmkaerca Kk napametpam PDF rayccosa
pacnpejgeneHus.

b B xygwem cnyyas npu koadduuymeHte Bapuaymn COV < 0.2, kak NnpaBwuio, NPUMEHAIOT pacnpegenexHve
[aycca.

e Cwm. [42].
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Mpn Heo6XoAMMOCTN BMECTO faHHbIX MHOXeCTBa MOXHO WCMOMb30BaTh fJaHHble OnpeAesieHHOro 3HayeHus, npu-
BeAeHHble B cTaHgapTe [3]. nyHkTel F.3.4 n F.5.3. B 3TOM cnyuyae pacnpegeneHue BeposiTHOCTell n napametpbl PDF
[OMKHbI OTHOCWTLCS, Kak NpaBu/io, K OTAeNbHOW mapTuu. BeibpaHHoe pacnpepgefneHvne JOMKHO 6biTb 060CHOBaHO
NOCTPOEHWEM HYACTOTHOTO pacrnpefeneHunst faHHbIX Ha BEPOATHOCTHON Likane, kak onucaHo B fokymeHTax [40] u [41].

HeonpepaeneHHOCTb BbIGOPKM MepeMeHHbIX AByxnapameTpuyeckoro pacnpegeneHvus Beiibynna MoxHO paccum-
TaTb no [43] u [42] cnepyowmm ob6pasom:

MapameTp dopmbl C siBNseTca peweHnem copmynbl (F.4)

£1"(*) T 1*rcnw (F.9)
1-D» J-1" /-1"

rae 1 — KOJMYECTBO WUCTbITAHWIA HA CMSATUE;
X, — pe3ynbTaTt UMepeHwuii:

£
—cymma gna/=1,2...n.

®opmyny (F.4) MOXHO pelwnTb METOAOM UTepauun UM HaTu ee KOPHW C NMOMOLLbI NOCTPOeHUs mMaclTabHol
Tabnuupl.
MacwTabHblii napameTp B onpegensoT no dopmyne

A (r-5)
A2ini.
- CB n-(C 1)BC
nB2 ¢ ) (F-6)
a2inL
-nC2-Bc *21n(xJ)f+ In(B) 2 1 x?|1n(x,)] —X Xe (r-7)
AC2 " 1
a2l 1o s (1> C I Xeln(x:)+ [1-C In(B)] | x? -
nBnC j-i" (-v (F.8)
d2InL a2mL a2inL  fA.nLf
0B = b (F.9)
ac2 pB2 ac2 ABAC J :
-1
CiN = abs a2inL  az2inL pg2InL (a2,nL)2|
aB2 as2 ac2 ABAC ) (r-10)

F.3.4 Mopsagok pacyeTa

F.3.4.1 3HaunTenbHble MacCuBbl JaHHbIX

MpOeKTHYI0 CTOWKOCTb K CMATUIO ANS MHTepBana pasmeposB Tpy6 onpeaensawnT cinefylowuM ob6pasom:

a) BbluMcnAT napameTpbl PDF Ans Kax[oro UCXOAHOro nokasatens kayecTsa, ykasaHHoro B F.2:

b) BbluncnaawT W ANa kaxAon rpynnbl NPOYHOCTU, BAAA TEPMOOOPaboTKM M POTALMOHHOW NpaBku B UHTepBase
3HayeHwuii logto (Py/P0O) ot -0.5 go + 0,5 ¢ warom 0.2. rae P, BbluncnsT no doopmyne (38) n Py no popmyne (39);
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C) BbIYUCAAIT MPOEKTHYI0 CTOMWKOCTb K CMSATUIO MO KaXAOMy nokasaTento mMaccusa AaHHbix no dopmyne (37),
MCMOMb3ya 3afaHHble 3HaYeHNs UCXOAHbIX NokasaTeseil kayecTBa W npegnonaraemMble 3HaveHus kY, dBSun ky 3Hauve-
Hue kK, paccuuTbiBalOT no dopmyne (F.1):

d) BbIUMCNAT NPOrHO3MPYeMyl BEPOATHOCTb OTKasa « N0 KakAOMY NnokasaTesilo MaccuBa AaHHbIX MPU HOMU-
Ha/NbHOW [eTepMUHUCTUYECKOW Harpyske Lnom. onpefenseMoii MPOeKTHON CTOMKOCTbIO K CMATMIO B KaXAOM ciydvae.
MoxeT 6bITb NCNONMb30BaH KOPPENALUMOHHBIA WAW He3aBUCUMbIA aHanu3 nepeMeHHbIX. /13 ByX BapuaHTOB aHanusa
nepBblii TOYUHee, HO ABNsAeTcA 6onee CM0XHbIM, BTOPOW MpoLle, HO faeT crierka 3aBblleHHble pe3y/bTaTbl, kak onMcaHo
B OKYMeHTe [44). MNporHo3mpyemas BEpPOSATHOCTb OTKasa «¢3 npeacTaBnsieT cob60il BEPOSTHOCTb TOr0, YTO CTOMKOCTb K
CMATUIO ByAeT HMKe NPOEeKTHOW cTolikocTWn. CTPOAT Tpadvk 3aBUCMMOCTM b OT KaXAoro nokasatesis mMaccuBa faHHbIX;

€) NpoBOAAT uTepauuto no nepeuncnexnuam c) u d), nogbupas /O B4 n «y 4 TakMM 06pa3oM, Y4TOObI NOAYUNTb MO
BO3MOXHOCTW MJIOCKYI0 XapaKTepucTuKy B Maccuse [aHHblX U CpefjHee 3HauveHue « B npegenax = 10 % 3agaHHOro
YPOBHA HagexHocTn TRL;

f) ncnonbsya B dopmyne (37) BbibpaHHble 3HauyeHus fc* n kf ,GAn 3HayeHue k, acn. pacCUMTaHHOE B COOTBET-
CTBUM C Nepeync/ieHneMm c), Noay4atT NPOEKTHYI CTOWKOCTb K CMATUIO ANS TPy6 HOMUHANbHBLIX pasMepa U mMacchl.

Ana Tpy6 oAaHOro pasmepa NPOEKTHYI0 CTOMKOCTb K CMATUIO pacCcunTbiBalOT, NOACTaBMB COOTBETCTBYOLLME 3HAYe-
HUS D 1/ © BbIYUCAUB ¢, ANA UHTepBasa HOMUHA/bHbIX AeTePMUHUCTUYECKMX Harpy3ok LA m Mof npoekTHON cToiiko-
CTbI0 K CMATWIO B 3TOM C/lyyae NOHMMAaeTCs 3Ha4yeHue |_nom, gawollee 3HauyeHne gf. paBHOe 3aJaHHOMY YPOBHIO HafeXHo-
ctn TRL.

F.3.4.2 Manbio mMaccuBbl AaHHbIX

OnuncaHHbI HKe NOoAXOA WCMOMb3ylT B C/yyae, ec HavMeHbLUA MaccuMB AaHHbIX COAEepPXUT meHee 1000
3HaueHwii. [lanee npuBeAeH NOPSILOK ONPeAESIeHNs NPOEKTHOW CTOWKOCTU K CMATUIO A5 OLHOW TpyoObl;

a) BblYMCNAOT napameTpbl PDF Ans KaxAoro UCXOAHOro rnokasartens kayecTBa, ykasaHHOro B F.2. 1 COOTBETCTBY-
IOWMX 3HaYeHnii D un t,

b) AN NCXOAHbIX MokasaTenell kayecTsa, MMetLnx MeHee 1000 3HAYeHWA, HaXOAAT HeonpeaeneHHOCTb BblGOp-
Kn ana kakgoro napametpa PDF, kak onucaHo B F.3.3. [jna ncxofHbIX nokasateneli kavyecTsa, nMetowmx 6onee 1000
3HauyeHuii, napameTpbl PDF. paccuuTaHHble B COOTBETCTBMM C NEPEeYNCNEHNEM a), MOXHO NMPUHATb AeTepMUHUCTAYEC-
Knumu;

C) UCNO/b3ysl HeonpeAeneHHOCTb BbIGOPOK, paspabartbiBaloT He MeHee 10000 cnyuaiHbIX peanusaunii Kaxpgoro
napameTpa PDF. 3TO MOXHO OCYyL,eCcTBUTb METOLO0M 06paTHoi TpaHcdopmauuu, kak onucaHo B [40]. [45], [41]. unn npu
NMOMOLLW FeHepupoBaHUA CAyyaiiHbiX NMepeMeHHbIX B MaTeMaTuyeckux macliTabHbix Tabnuuax;

d) BbIUMCNAIOT NPOTrHO3MPYEMYI0 BEPOATHOCTb OTKa3a Ip, A1 HOMUHA/IbHOW AEeTEPMUHUCTUYECKON Harpysku
npu kaxpaoi peanusauum napametpos PDF. M0OXHO npu6erHyTb K KOPpensunoHHOMY WM He3aBUCUMOMY aHanusy
nepemeHHbIX. V13 AByX BapuaHTOB aHanu3a NepBblii TOYHee, HO ABNAeTCA 60M1eB C/I0XHbIM, BTOPOW npole, HO gaeT
cneta 3aBbllleHHble pe3ynbTaTsl [44]. B kauecTBe 3amMeHbl MOTYT ObITb UCMO/b30BaHbl KO MULNEHTLI KOPPENALUMN, HTO
Ha npakTuke faeT npuemsieMblie pesynbTathbl [44];

e) cTpoAT rpaduk pacnpefeneHns BeposiTHOCTU B BUE YaCTOTbl NOSIBIEHUSI NPOrHO3MPYEMOil BEPOATHOCTU OTKa-
3a o,

f) MHTepnonupylT KyMynsTMBHOE pacnpefeneHvne BepOATHOCTU [0 AOBEPUTENbHOTO YpoBHA 95 %;

[l) noBTOpsAOT Nnepeuncnenuns d)—I) ans nHTepsana ypoBHei Lnom, nogo6paHHbIX Takum o6pasom, 4To6bl obecne-
YNTb COOTBETCTBME 3HAYEHWS €, ONpefeNieHHOro C A0BepPUTENIbHOW BEpPOATHOCTbI0 95 %, 3aj@aHHOMY YPOBHIO HafeXHOo-
ctn TRL;

h) nof NpoekTHOI CTOWKOCTbIO K CMATUIO MOHWMAaETCA 3HayeHue Lnam, C JOBEpPUTENbHOW BEpPOSiITHOCTbIO 95 %
Jawoliee 3HayeHue ¢, paBHOE 3a[aHHOMY YPOBHIO HAAEXHOCTU. DTN 3HAYEHMSA MOrYyT ObiTb MOSyYEHbI NyTEM MHTEPNO-
nAunn.

F.4 Mpumepsbl pacyeToB

F.4.1 3HaunTenbHble MaccuBbl JaHHbIX

F.4.1.1 O6wwne nonoxeHuns

[aHHbIli pacyeT npuBefeH Ana Tpy6 rpynnbl npoyHocTn P110 nocne cdopmoobpa3oBaHus Ha ctaHe FDOO (ctaH-
napt [3], npunoxenne F), NOABEPrHYTbIX ropsiueil poTaunoHHOW npaBke. MocnegoBaTenbHOCTL pacyeta — no F.3.4.
MpepnonaraeTcs, 4TO NO BCEM WUCXOAHLIM MoOKasaTesIsiM kayecTsa nosyyeHo 6onee 1000 3HauveHuii n HeT HeobxoauMoO-
CTW B pacyeTe HeonpefeneHHOCTU BblGOPKM.

F.4.1.2 Tpy6bl ofHOro pasmepa

Heo6xo4uMo onpefennTb NPOEKTHYI0 CTOWKOCTb K CMSATUIO TPYO HapyXHbIM AnameTpom 244.48 MM. TONLWMWHOM
cTeHkn 11,99 mm, rpynnbl NpoYHocTU P110, W3roToBMEHHbIX Ha cTaHe FDOO 1 noABeprHyTbix ropsyeii poTaluMoHHON
npaske:

a) Bbluncnsem napameTpbl PDF gna ncxofHbix nokasatenei kadyectsa. OHu npusefeHbl B Tabnuuax F.2—F.4 n
cobpaHbl B Tabnuue F.5.
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Tab6nunya F4— MNapametpbl PDF ana ucxofdHbix nokasatenein kavyectsa (koapuumeHT cmelleHns, koadduuneHT
Bapuauyumn)

KoadduymenT KoadpcpmumeHt
Mokasatens cmewenus BapuaLm COV PacnpeseneHue
CpefiHuii HapyXHbIii guameTp, MM 1.0070 0,00189 laycca
CpefHAA TOMWUHA CTEHKU, MM 1.0068 0,0217 [aycca
Mpegen Tekyvectn, MMa 1.161 0.0354 [aycca
OBasnbHOCTb. % 0.241 0,338 [ByxnapameTtpuyeckoe Belibynna
OkcueHTpucutet. % 5.170 0,317 [ByxnapameTpuyeckoe Beiibynna
OcTaTouHble HanpsxeHusa. MlMa -0.142 0,186 [aycca
HeonpepgeneHHocTb Mogenu 0.9681 0.0543 [aycca
b) HekoTopble U3 napameTpoB PDF npusegeHbl B 6e3pa3mMepHOM Buae, NO3TOMY HE06X0AMMO X npeobpasoBaTtb

B CpejHWe 3Ha4yeHUA U CTaHAapTHble OTKIOHEHUs ANSA TPyObl CcTaHAapTHOro pasmepa. CpejHue 3Ha4YeHUs nonyyawT
YMHOXEHWEM HOMUHA/IbHOTO 3HAYEHUs! Ha CMelleHue no Tabnuue F.4:
- cpefijHee 3HauyeHWe cCpeAHEro HapyXHoro gnameTpa
24448 wmm  1.0070 = 246,20 Mm:
- cpefHee 3HauyeHue cpefHeli TONWWHbI CTEHKN
11.99 mm 1.0068 = 12.07 mMMm:
- CpefHuil npefen TekyvecTu

758 MMa - 1,161 =880 Mrla.

3HayeHNsa 0CTaTOUHbIX HaNpPsHKeHWA ynopsagoumBaioT No npejenam TekyyecTu U npeobpasyloT B UCTUHHbIE Hanps-
XeHus cnegywowmum obpasom

aunis my, = Mrsly -«yT, =-0.142 1,161 758 = -124.95 Mlla;

COV(@aJcOV2,N - COV2% (npuuumaem SRSS) ="0,1862 - 0.03S42 = 0.183.

CTaHAapTHble OTKMIOHEHUS NosydyaeM YMHOXEHUWEM CpefHWX 3HauyeHWii Ha COOTBETCTBYLME KOIPDULNEHTbI
Bapuauuu. MNonyyeHHble 3HaYeHNs npueedeHbl B Tabnuue F.5.

Ta6nuuya F5— MNapametpsl PDF Ans ucxofHbIX NokasaTesnei kayecTea

CpefHuii HapyXHblli guameTp, MM 246,20 0,465 [aycca
CpefHas TonwmHa CTEHKU, MM 12,07 0,01031 [aycca
Mpegen tekyvectn, MMa 880 31,152 [aycca
OBanbHOCTb. % 0.2407 0.08146 [iByxnapameTpuyeckoe Belibynna
QkcueHTpucutet. % 5.170 1,639 [iByxnapameTpuusckoe Beiibynna
OcTaToyHoe HanpshkeHue. MlMa - 124.95 23,195 [aycca
HeonpepgeneHHocTb Mogenu 0.9681 0,05257 [aycca
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c) no faHHbIM Tabnuubl F.5 1 HOMWHANbHOW AEeTePMUHUCTUYECKON Harpyske Lnott BbIYMCASIOT NPOrHO3MPyemyio
BEPOATHOCTb OTKasa <. Vicnonb3yss FORM, gna /” 1. paBHoi 42.06 M[Ma. nonyyatoT ¢, paBHoe 4,511 - 10 3. 3T0ro
HeAoCcTaTouHo 415 TOro, YTobbl g5, COOTBETCTBOBA/IO TPebyeMOMy YPOBHIO HadexXHocTn TRL. noaToMy yBenuunsaroTt
[0 3Ha4yeHus, ykasaHHoro B Tabnuue F.6.

Tab6nuuya F.6— lMporHosvpyemas BEPOSITHOCTb OTKasa A/ pa3fnyHbIX YPOBHEN

Harpysku
O~ MTa
42.06 4511 - 10-3
42.13 4.769 « 10-3
42,20 5.039 « 10-3

d) wHTepnonauvein nNonyyurM MPOEKTHYH CTOMKOCTb K cMsATMIO 42.19 MMa.

F.4.1.3 Tpy6bl HECKONIbKMX pa3MepoB

Heo6xoaMM0 onpeaennTb NPOEKTHYH CTOWKOCTb K CMSATUIO TPyG pasHbiXx pasMepoB rpynnbl npoyHocTu P110,
M3roToB/MEHHbIX Ha cTaHe FDOO v noaseprHyTbix ropsiyeil poTauMoHHOR npaske.

PacueT BO MHOIMX OTHOLIEHWSAX aHanorMyeH pacuyety Ana Tpyb ofHOro pasmepa, HO pa3mepbl Tpyb (cpefHue
3HaYeHUs HapyXHOro AvameTpa W TO/LWMHbI CTEHKWN) AN 3TOro pacyeta HE06Xo4MMO 0606WNTL MyTeM UCNOb30BaHNSA
MHTepBasia No3uuuii U3 NPoCTPaHCTBA AaHHbIX. 3aTeM BbIYMCASAIOT BEPOSATHOCTb OTKa3a U MPOEKTHYI0 CTOWKOCTb K CMSi-
MO (MPU NOMOLLM MOHMXKAKOLWMNX MHOXUTENEeW Kc N Ky aos) AN51 KaXA0W No3nuun, Kak 3TO OMUCAHO HUXE.

a) [Ana Kaxnoi nosuuum B NPOCTPAHCTBE AaHHbIX HaxoasT W npu nomowwm dopmyn (38) u (39) no 3agaHHbIM
3HaueHusim oy, E ny. ®opmynbl (38) n (39) HEBO3MOXHO peLInTb HENOCpeACTBEHHO OTHOCUTENbHO D It Npu 3agaHHOM
3HayeHun Py/Pe, n noaTomMy mx peLiarwT 1Mbo MeTofoMm uTepaunun, NM6o npyu NOMOLLN 3MEKTPOHHbLIX TabsuL.

[ns npumepa Huxe npuBefeHo nTepauunoHHoe pelleHve ana log,0(Py/P,). paBHoro muHyc 0.5. [ins DIt, paBHoro
10.4. nony4aem

Py=(2 758.45 MMa/10.4) (1 + 0.5/10,4) = 152.87 MMa;
P, = (2 +206850 MMa/(1 -0.282) «10.4 (10.4 - 1)2) = 488.49 MMa;
logic <P¥PB) = log,0<152.87/488.49) = -0.5045.

B Ttabnuue F.7 npuBefeHbl ocTasnbHble UTepauun, a B Tabnuue F.8 — kOHeuHble 3HaueHus DIt 4na kaxaoli nosm-
L1y NpocTpaHcTBa faHHbIX.

Ta6nunua F.8— Onpegenexune Dit 4Na Kaxgoi nosm-
LMN B NPOCTPAHCTBE faHHbIX

log,0<P/P.) DIl Py MIMa P..MMNa
Ta6nuuya F.7— WTepauynoHHoe onpegeneHue Dt
.05 10,45 152.10 481.02
DH Pr MMa P, M o
" - Pou) (PP 0.3 12.95 121.66 242.74
10.40 152.87 488.49  -0.5045 0.1 16.10 97.15 122.30
10.50 151.35 47370  -0.4955 01 20.07 77.48 61.54
10.44 152.26 48250  -0.5009 03 25.06 61.74 30.94
10,45 152.10 481.02  -0.5000 05 31.35 49.15 15.55

b) CpepgHwnit HapyXHblii AuameTp 1 TOMLWMWHY CTEHKU HaxoAAT YMHOXEHUMEM HOMWHAa/NbHOTrO 3HAYeHUs Ha cMelle-
HVWe A1 HOMWHA/bHOTO HapPYXHOTO AnameTpa, Hanpumep ANS HapyXxHoro anameTtpa 244.48 mm n 1oalQ(P, /P0). paBHO-
ro muHyc 0.5, nonyyaem:

- cpejHee 3Ha4YeHve cpeAHero HapyxHoro gnameTpa:

244.48 1.0070 = 246.19 mwm;
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- cpefiHee 3HaueHue CpeaHeli TOMLWMHbLI CTEeHKN:
(244.48/10.45) + 1.0068 = 23.55 mm;
- CTaHAapPTHOE OTK/IOHEHWE CPeaHel TOJLMHbI CTEHKM
23.55 0.0217 = 0.511 mwm.

OcTanbHble napameTpbl PDF Takue xe. Kak ykasaHbl B Tabnuue F.5.

C) 3ateM BbIYMCAST Lnem 4718 KaXA0W No3vuuun B NPOCTPaHCTBE AaHHbIX, UCnonb3ys hopmyny (37) ¢ 3afaHHbIMU
3HayeHuamMun D. t. aymn, E 1 v [UAK 3KBMBANEHTHbIMW 3HavyeHusMu Pc n Ay u3 nepeuncnenus a)). KoadpduuymneHt fc, des
HaxogAT crnegyowmm obpasom [cm. hopmyny (36) u Tabnnuy FAJ;

d) *,do» = (0.127 0.241) + (0.0039 +5.170) - [0.440 - (-0.142)1 + 0 = 0.11325.

HavyanbHble 3HavyeHnA ka dos = 0.825 u kydni = 0,91 aBnswTcA 06bIYHO NpuemnaemMbiM Bbl6opom. B Ttabnuue F.9
npusefeHbl pe3ynbTaTtbl pacyeTa.

MpumeyaHne — 3HauyeHns Lnom gn1a BTOPOWi 1 TpeTbel uTepaunn BIYUCASAN B pamMKax NepeuncneHus e). Ho
npusefeHbl ANA KPaTKOCTW 34ech.

Tab6bnuya F9 — HOMUHaNbHbIE AEeTEPMUHUCTUYECKMNE HArpy3Ku

MNokasatens Virepauus
1 2 3
dos 0.825 0.825 0.840
*y des 0.910 0.925 0.925
log,.(Py/P.) MnMa
-0.5 131.09 133.09 133.27
-0.3 99.56 100.92 101.23
-0.1 70.21 70.89 71.42
0.1 43.10 43.29 43.87
0.3 23.59 23.64 24.02
0.5 12.29 12.31 12.52

e) 3aTeM ANs KaxAOW NO3WLMU BbIYMCAAT NPOrHO3MPYEMYH BEPOATHOCTb OTKasa ), npu onpeeneHHoi L~ om
AN 4ero Ucrnonb30Bancs BEPOATHOCTHbIN aHanu3 no opmyne (49). 3aecb €4 — BEpPOATHOCTb TOFO, YTO CTOWKOCTb K
CMATUIO TPY6bl ByAeT MeHbLe pucyHke F.1 nokasaHo 3HauyeHue . B 3aBUCMMOCTU OT NO3NLUN B NPOCTPAHCTBE
JaHHbIX. PacyeT nposoguncsa no nporpamme FORM.

MpumeuaHne — KpuBble ntepaynini 2 n 3 paccuntaHbl B pamkax nepeyncrieHvs B), HO AN KPATKOCTW
npueefeHbl 34ech.

f) Nlanee uTepaunoHHbIM MeTOLOM HaxoAsT Haubonee nogxofsawme 3HadeHns  des un kydes. Kak nokasaHo Ha
pucyHke F.1. 3HauyeHve ¢. ANA NEpPBO UTepauMm HaMHOTO HkKe Tpebyemoro ypoBHSA HagexHocTn TRL u coctaBnsieT B
cpegHeMm 2,59 10~3. YBenuueHnue ks dBS yBenuuusaeT Lnom B ynpyroii 061act U TeM CaMbiM, BEPOSITHO, YBEMUUT <.
3T0 noBepHeT npasblii (ynpyruit) koHel kpuBoli BBepx. [0oAo06HbIM Xe obpa3om ysenuuexnue ky do4 noBepHeT BBEPX
neBblii (M1acTuyecknii) KoHew, KpUBO. XKenaTenbHO NOAHATH 06a KOHUA KPWBOW, OAHAKO ANSA HArnsagHOCTU 3To bygeT
cfienaHo no otaensHocTw. [ns BTOpoli utepauum kydos ysenunyeHo fo 0,925 — 370 MOBLICMIO N T. Kak NoKasaHo B
Tabnuue F.9. 1 «Q. Kak nokasaHo Ha pucyHke F.1. MnacTuyeckuin koHeLl, KPMBOI Tenepb Okasascs NPUMEPHO Ha HYXHOM
TOYKe. YNpyruii KOHel, ele Haxo4uTCs CIMLLKOM HWU3KO, Kak 1 cpeaHee 3HaveHne ), = 3.53 10~3 [inA TpeTbeil ntepauum
nosbicuNK kB am A0 0.84. 37O Aano Hauny4wee nNpubAMKEHNe K TpebyeMOMy YPOBHIO HAAEXHOCTM CO CPefHuUM 3Haue-
Hvem d = 4.83 m10"3.
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a Mnactuyeckan obnacTb.
b Ynpyras obnactb.

1—3 — Homepa uTepauuun. 4 - TpeGyemas HajexHOCTb

MpumeyvaHunsn

1 Mo ocnm X — log (OTHOLWeEHNe NNacTUYECKO 1 ynpyroii NPOYHOCTH).

2 Mo ocn Y — BEpOATHOCTbL OTKasa.

3 BeclwoBHble Tpy6bl rpynnbl NpoYHocT P110. n3rotoBneHHble Ha cTaHe FDOO. nofBepHyTble ropsyeil poTaumnoH-
HOli npaBske.

PucyHok F.1 — Kanubposka Ana Tpy6 HECKO/bKUX pa3mMepoB, M3roTOB/MEHHbIX Ha cTaHe FDOO,
nocne ropsiyeil poTayMoHHON NpaBKu

[) HaiifjeHHble KOHeYHble 3HaveHus dcs Mcnonb3yloT AN onpeAenieHns NPOeKTHbIX AaBAeHUA cMATUA
Ans Tpy6 TpebyeMbix pa3mepoB ¥ Macchl, cM. Tabnuyy F.10. A8 aToro ucnonb3ytot chopmyny (37) BMecTe € 3agaHHbIMU
3HaueHnaMn D. I. o mn, E. v. a Takxke /(j 34 n3 chopmynel (F.1). na cpasHeHus B Tabnuue F.10 npuseaeHsbl nokasatenu
NPOYHOCTN Ha cmsATUe no cTaHgapTy [9]. CnefgyeT OTMETUTb, YTO CTOMKOCTb K CMSATUIO TPYObl HapyXHbIM AMaMeTpoM
244.48 WMM. TOMWMHOWA cTeHkn 11.99 mm. rpynnbl npoyHocTy P110. nofBeprHyToii ropsyeii poTaLyoHHON NpaBke, paBHas
42,10 MINa. He HAMHOTO HWXe, YeM MPOEKTHAA CTOMKOCTb K CMSATUIO A5 TPy6 Takoro xe pasmepa [42,19 MMa. F.4.1.2.
nepeuncnenue d)]. PasHuua Bbi3BaHa TeM, YTO CTOWKOCTb K CMATWIO 3[eCb ONpefenann kak Hawnydlwee npubanmxexHne
K IMHWW 3a[aHHOr0 YPOBHS HagexHocTn TRL (cm. pucyHok F.1), a He Kak TOYHOe 3HauyeHue N1 3a[aHHOr0 YpPOBHSA
HagexHoctn TRL B npeablayliem cnyvae.

Tab6nuuya F.10 — lNpoekTHas CTOWKOCTb K CMATUIO TPYO, N3rOTOB/IEHHbIX HA OJHOM CTaHe

CTolikoCTb K MpoekTHas
HapyxHblii anameTp, TONUWMHA CTEHKU, rpynna NPo4HOCTH cmaTMIo no [9). cTOMKOCTL K yeenuuenvne. %
N cocTosiHMe nocTaBku Tpy6 Mna cmaTiio. MMa

473.08 mm. 11.13 mm. P110, ropavas poTauuoHHas npaska 3.56 4.07 14.3
339.73 mm. 13.06 mmMm. P110. ropayas poTaunoHHas npaska 19.86 21.55 8.5
244.48 mm. 11.99 mm, P110, ropsivas poTauMoHHas npaska 36.54 42.10 15.2
177.80 mm. 11.51 mm. P110, ropsyan poTauyuMoHHas npaska 74.33 76.93 35

MpumeuaHune — MNpoekTHble 3HAYEHUS CTOMKOCTU K CMATUIO He OTHOCATCA K Tpy6am, noABeprHyTbiM

XONOAHOW POTALMOHHOI npaske.
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F.4.2 Manble maccuBbl faHHbIX

Heo6xoaumo onpefennTb NPOEKTHYI CTOMKOCTb K CMATUIO TPY6 HapyXHbIM gnameTtpom 244,48 MM. TOMLWMHON
cTeHkn 11,99 mm, rpynnbl npoyHocTu P110, M3roToBNEHHbIX HAa cTaHe FDOO. noaBeprHyTbix ropsyeli poTaunoHHol npas-
Ke no pakTU4eckMm pasmepam MacCUBOB [aHHbIX:

a) onpeaensoT BXOAHblIE NepeMeHHble napameTpbl PDF. OHU Takue Xe, Kak ykasaHo B Tabnuue F.5, HO 34ecb OHU
paccmaTpuBaloTcsi Kak cryyaliHble, a He Kak [eTepMUHUCTUYECKNE MepeMeHHbIe;

b) onpeAensioT HeonpegeneHHoCT BbIGOpOK. Mpy nomowwm meToga no F.3.3 nonyuyatoT 3Ha4YeHUs, NpuBeAeHHble
B Tabnuue F.12;

C) HaxogsAT cnyvaiiHble peanu3auun napameTtpoB PDF. B Ta6nuue F.11 npuBefeHbl NnepsBble W NocnefHve peanu-
3auun. OHW 6bIAKN NOMyYeHbl MyTEM FeHepUpoBaHNA CAy4aiiHbiX OTKMOHEHWI C MOMOLLbI 3NEKTPOHHOW Tabnuubl.

Tab6nunuya F11 — CnyyaiiHas peanusauvs napameTpos PDF ana Tpy6 rpynnbl npoyHocT P110. M3roTOB/IEHHbIX Ha
cTtaHe FDOO. nocre ropsiyeil poTaunMoHHON NpaBku

MepemeHHas MapameTp Pacnpeneno- PeansaLys
HuB 1 2 3 9309 1000
Cpeanee Faycca 246.197 246.190 246,195 246,210 246.261
3HavyeHune
CpefHuii HapyXHblii
AVamMeTp, MM CranpaprHoe Faycca  0,01871 0.02082  0.01819 0.01908 0,01903
OTKNOHEHNe
Cpeanee Faycca 12,095  12.085 12,0244 .. 12,0421 12,0447
3HayeHune
CpefHAA TOoNWMHA
CTEHKN, MM CranaaprHoe Faycca  0,01039 0.01048  0.00962 ..  0.00992 0.00956
OTKIOHEHUNe
Cpeanee Faycca 870,149 875.665 874,976 876.355 874.976
Mpegen TekydecTu,  3HaueHue
MMa
CranpaprHoe Faycca 4,300 2.839 4336 .. 4996 4911
OTK/IOHEHUE
B Faycca  0.2628  0,2670 0.2763 .. 02712 02765
OBaJIbHOCTb. % Noropucmu-
c yeckoe 3,219 3.229 3,251 3,213 3,240
HOpMasnbHoe
B raycca 5,706 5.739 5.829 5847 5543
SKcueHTpucutet, % Norapudmu-
c yeckoe 3,524 3.590 3,579 . 3438 3392
HOpMasnbHoe
Cpeanee r 121,973 -119.766 -123,489 126,247 -125.765
OcTaToyHoe Hanps-  3HauyeHue aycea : ' Bl e T ' Bl
XeHue, MMNa
CTaHgapTHoe raycca 3,493 3.251 3,559 3,204 3,333
OTKNOHEeHUe
Cpeanee r 0.9608  0.9619 0.9718  0.9648
HeOnpeAeﬂeHHOCTb 3HavyeHune aycca : ) 0.9675 : :
mMoaenm
CraHpapTHoe
rkmonGHe Faycca  0,04822 0.04796  0.05816 0.04933 0,05664
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Ta6nunya F12 — HeonpefeneHHOCTU BbIGOPOK

AByxnapameTpuuyeckoe pacnpepge-

Pacnpepnenenue laycca o
pea y neHue Bciibynna

CpepHee CraHgapTHoe B C
BblﬁDp- 3HayeHune OTKNOHEeHUe
Mepeuneunnasn K1
CpepHee 3HauyeHne CpepaHee 3HadeHne CpepaHee 3HadeHne CpegHee 3HauvyeHue
N cTaHfjapTHoe N cTaHgapTHoe n cTaHfjapTHoe W cTaHpapTHoe
OTK/IOHEeHUe OTKIOHEeHne OTK/IOHEeHune OTK/IOHEeHune
CpefHuii  HapyXHbIl gnameTp, 203 246.20; 0.465328;
MM 0.001286 0.000909 - -
CpefgHssi TONWNHA CTEHKW, MM 132 12.07008; 0.261874;
0.000898 0.000635 - -
Mpepen Tekyyectn. MMa 46 879.802; 31.144715;
0.6660 0.4709 - -
0.2689; 3.276;
o . . ; ;
OBanbHOCTb. % 204 0.005747 0.04123
5.745; 3,510:
o _ _ ; )
JKcueHTpucuTeT. % 194 01171 0.06634
- 1249374, 23.19478;
OcTatoyHoe HanpsxeHue. MMa 54 0.4578 0.3237 — —
HeonpepeneHHocTb mMogenu 75 0.9681; 0.05257;
PeA A 0.006070 0.004292 - -
d) AN KaXAoW peanu3auny BblYMCASIIOT NPOrHO3MPYyEMYH BEPOATHOCTbL oTkasa di. B Ta6nuue F.13 npuBeaeHbl

3HayeHusa ), ANA NepBbiX W MOCAefHUX peanu3auunii npu Lnom, paBHoi 41.09 MMa. Bce 3HauyeHusa BblUUCAAAN NO
nporpamme FORM.

Ta6nuya F.13— lNporHosmpyemas BeposiT-
HOCTb OTKasza gnsa Kaxzoi peanusauuv npw
Lra;n. paBHoii 41.09 MMa

Peanuzauusa
1 1.641 « 10-3
2 1.488 « tO-3
3 3.947 « 10-3
9999 1.516 mtO-3
10000 3.357 « 10-3

€) pacnpegeneHne BeposiTHOCTEW ¢ (pUcyHOK F.2) HaxoAaT NOACYETOM yucna NOsSIB/IEHWI «@ B KaXAOM MHTepBa-
ne. TpUHAT foBepuTenbHbIA MHTepBan 95 %, KOTOPbI NOAyYeH WHTepnonsAuuein KyMynsaTUBHOW NNOTHOCTH;

f) npu Lnom. pasHoli 41.09 MMa. 95 %-Has AoBepuTeNbHas BEPOATHOCTb oTkasa o, 0,95 cocTtasnseT 4.66 - 103
(pucyHok F.2). 3TO HECKONbKO 3aHWXEHHOe 3Ha4yeHne, U No3ToMy HeobxoAuMo yBennunTb 1%0T- B Tabnuue F.14 npuse-
[eHa 3aBUCUMOCTb Mexay Lnom u ¢) oga- MpoekTHas CTOMKOCTb K CMSTUIO A0/MKHA GbiTh Takoli, UTOObI 3HaUYeHue o, 0as
COBNasao c 3afjaHHbIM YpPOBHEM HagexHocTu TRL. MyTem uHTepnonsuuu 6blna NonyvyeHa NpoekTHas CTOWKOCTb K CMs-
M0 41,184 MMa. unn NnpuMepHo Ha 2.4 % Huxe, YeM 3HayeHue, NonyyeHHoe npu 06paboTke 3HAYMTENLHOIO0 MaccuBa
[aHHbIX.
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Tab6nuuya F.14 — Kanubposka gnsa Tpy6
HapyXHbIM AnameTpom 244,48 MM. TONLWMHOM
cTeHku 11,99 mm, rpynnbl npoyHoctn P110,
N3roToBJIEHHbIX HAa cTaHe FDOO, noABeprHyTbixX
ropsiyeil poTauMoHHON npaBke ANA He3Hauu-
Te/IbHOr0 Maccusa AaHHbIX

leT,MMa

41.09 4.663 10-3
41.16 4,919 - 10-3
41,23 5,186 1(H

MpumeuvaHunsn

1 Mo ocn X — BEpOATHOCTbL OTKasa.

2 Mo ocn Y1 — nNoTHOCTb BEPOSAITHOCTEN.

3 Mo ocn Y2 — KymMynaTUBHasA BEPOATHOCTb.

4 Tpy6a HapyXHbIM AnaMeTpom 244.48 MM. TONLWMHOW CTeHkM 11,99 MM, rpynnbl npoyHocTy P110. n3roToBfieHHas
Ha ctaHe FDOO, nmoaseprHytas ropsiyeil poTauuOHHON npaske.

PucyHok F.2 — TporHosvupyemas BeposiTHOCTb oTkasoB PDF n CDF npu Lnom, paBHoii 41,09 MMa

Ha pucyHke F.3 nokasaHo, Kak CTOWKOCTb K CMATUIO MEHSIETCS B 3aBMCMMOCTM OT pasmMepa MaccuBa AaHHbIX B
TMNOTETUYECKOM Crlyuyae, Koraa pa3mep BCEX MACCUBOB BXOAHbLIX JaHHbLIX OAUHAKOB (CM. [44)]. 3T KpuBble creuuduyHbl
OJ151 AAHHOTO Clydasi U He [O/DKHbI paccMaTpuBaTbCsl Kak 06liee pPyKOBOACTBO.

1 - 3HauuTeNbHbI Maccus AaHHbIX: 2 — CTONKOCTb K CHATUIO: 3 — YMeHblleHne CTOWKOCTU K CMATUIO

MpumeuvaHwnsa

1 Mo ocn X — pasmep maccusa AaHHbIX.

2 Mo ocn Y1 — yMeHblLUeHMEe MPOYHOCTM NO CPaBHEHWUIO CO 3HAYUTENIbHbIM MaccusoMm. %.

3 Mo ocn Y2 — cToWKoCTb K cmATMI0. MMMa.

4 Tpy6bl HapyXHbIM uameTpom 244.48 MM. TOAWMWHON creHku 11,99 mm, rpynnel npoyHocT P110. M3rotoBnex-
Hble Ha cTaHe FDOO, noaBeprHyTbie ropsiyeli poTaunoHHO nNpaBke.

PI/ICyHOK F.3 — YMeHblleHune I'IpOeKTHOVI CTOWKOCTH pr6 K CMATUKO B 3aBUCUMOCTU OT pasMepa MaccumBa faHHbIX
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MpunoxeHune G
(cnpaBoyHoE)

WcnbiTaHue Tpy6 Ha cMsaTue

G.1 O6wue nonoxeHns

Mpy NpYMeHEeHWN NCNbITaHUA ANA NPUEMKU CTaHAAPTHbIX TPYy6 UCMbITaHUe [O/MKHO NPOBOAUTHLCA B COOTBETCTBUM
C HacCTOSIMM NPUIOXKEHNEM.

G.2 Obpasey,

MuHumManbHas gnvHa obpasua Ana UCMbITAHUS HA CMSTUE A0/KHA 6biTb PaBHOIA:

- BOCbMUW HapyXHbIM AnameTrpaM — Npu HOMWHANbHOM HapyXHOM gunameTpe 244.48 MM 1 MeHee:

- CEMW HapyXHbIM guamMeTpaM — MpU HOMUHANLHOM HapyXHoOM AnameTpe Gonee 244.48 Mwm.

Kpome matepuana npobbl 4715 M3rOoTOB/EHNS obpasua ANA WCMbiITaHWSa Ha CMATMe, matepuana npobbl AO/MKHO
6bITb OCTATOYHO AN U3rOTOBNEHUA 06pasLoB ANA UCMbITAHWA Ha OCTATOYHbIE HAMPSXEHWUA U pacTsxeHue (CM. pucy-
HOK G.1).

G.3 WcnbiTaTenbHas annapatypa

McnbiTaTtenbHas annapaTypa Ao/mkHa obecrneynBaTb MPUIOXKEHWE WCMbITAaTeNbHOTO AaB/IEHUA MO BCeW ANnHe
obpasua 1 He AOMKHA HaknafbiBaTb Ha obpasel, MexaHu4yeckue u ruapaBanyeckne pagunasnbHble UK OCEBble Harpysku
1 Bbl3blBaTb BHyTPeHHee fAaBneHune. MNpu ucnbiTaHWM Ha CMSATME MPU COBMECTHOM AeliCTBUU HapPYXXHOro AaBneHus u
0CeBOli Harpysku annapartypa fo/mxHa obecneynBaTb NoffepXaHne 0CeBOW Harpysku BO BPeMSs NMPUIOXKEHUS HapyXHO-
ro AaBfeHnsa C TOYHOCTbIO + 1 % 3a[4aHHOr0 3HauYeHus.

WcnbiTaTenbHas kamepa fo/xHa 6biTb OCHalleHa MaHOMEeTpoM A/l oTcYeTa MakcuManbHOro AaBfeHus, coeam-
HEHHOro C kamepoii BO BpPeMsi MChbiTaHWs. MaHoOMeTp JO/KeH 6biTb cepTUdULMPOBAH M3rOTOBUTENEM W UMETb TOY-
HOCTb He MeHee 0.5 % LWKasbl.

MaHomeTp AO0/HKeH ObiTb OCHALLEH CUCTEeMON AemndunpoBaHusa ANA 3ameaneHns coépoca fgasB/ieHUs nocne cms-
™A obpasua. MaHOMeTp JO/KEH MOABEpratbCcs KanMbpoBke vepes Kaxable 6 Mec MM yauie, ecim ecTb OCHOBaHMA
COMHeBaTbCA B €ro TOYHOCTU. B npegenax paboyero nHTepsasna NoOrpewHocTb He A0o/HkHA npesbiwatbh 1 %.

G.4 V1amepeHnsa, NpoBOAUMbBIE O UCNbITAHWUS HA CMATHE

G.4.1 O6wme NnonoxeHns

Mepepn npoBefeHNEM UCMbITAHUA HEOOXOAMMO TOYHO M3MEpWUTb pasmepbl Py6bl, Npegen TekyyecTn meTanna u
OCTaTOYHblE HaMNpsHXKEHWS, Kak 3TO onucaHo gasnee.

G.4.2 Pa3zmepbl TPy 6bl

G.4.2.1 O6wme NonoxeHns

B nAaTW ceyeHnsx, paBHOMEPHO pacnpefesieHHbIX No A/iMHe Tpyobl (PUCYHOK G.1), U3MepsoT CpefHUii HapyXHbIi
AviameTp, CPefHIo TO/WNHY CTEHKU, ee 0Ba/IbHOCTb 1 3KCLeHTpucuTeT. Mopsagox nusmepeHns n o6paboTkm pesynbTaToB
onucaH B G.4.2.2—G.4.2.5.

a MATb y4yacTKoB, paBHOMEPHO pacnpefeneHHbiX No ANUHE TPYObl, Ha KOTOPbIX U3MEPSIOT CPeAHUii HapyXHblii
AnameTp, CPeAHIo TOMWMHY CTEHKW, OBaNbHOCTb U BbIYUCIAIOT 3KCLEHTPUCUTET MO pesynbTataM U3MepeHUs TOLWHbI
CTEHKM.

1— o6pasey 4Ns onpeAeneHns ocraTouMbiX Hanps)KeHUn: 2 — o6pasel, AHS UCMbITAHUS Ha pacTskeHne: 3 — o6pasey
ANS UCNbITAHNA Ha cMATUe: O — HapyXHblii AnameTp: £, — MUHUManbLHaa AnuHa obpasua ANA UCNbITAHWA Ha cMATUe:
Lt — mMuHumanbHas gnuHa o6pasya ANs onpejeneHnss OCTATOMHbIX HANPsXEHUN

PucyHok G.1 — Vi3amMepeHusi, NpoBOAUMbIE Nepes UcNbiTaHneM Tpy6bl Ha cMsTUe

G.4.2.2 CpefHuii HapyXHblii gnameTp

CpefHuii HapyxHblii aguameTp onpefensioT, USMepsAs OKPYXHOCTb TPy6bI.

G.4.2.3 CpefHaa TONWMNHA CTEHKN

TONWMHY CTEHKN U3MEPAIOT B OHOM CeyeHun B 8 TOukax Yepes KaxAble 45" 1 BbIYUCNAIT cpefHee 3HayYeHue.
TONWWHY CTEHKVN U3MEpPSI0T U PErncTpupytoT € TOYHOCTbIO A0 0.1 MMm.
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G.4.2.4 OBanbHOCTb

OBasibHOCTb M3MEPSIOT NpPU NOMOLWM cneunansHoro kannépa AN gns namepeHnss oBanbHOCTU UK SKBUBAIEHT-
Horo npubopa. ismepeHus cnegyeT BbINOAHATL MO BCE OKPYXHOCTU, a He Yepes paBHble WHTepBasbl, Hanpumep 45%,
OBanbHOCTbL BbIYUCAAIT kak 100(Dmex - LinnY O~. rge Oaus — cpefHuil HapyxHblii gnameTp no G.4.2.2.

G.4.2.5 DkcueHTpucuteT

JkcueHTpucuTeT BblumcnaoT kak 100(fc mal - ~ TTY<C aw- rae k max u /c T — Haubonbwas n HauMmeHbllas
TOMIWMHA CTEHKM NO pe3ynbTatam U3MEpPeHuii € 0AHOM ceYeHUU B 8 TOUKax MO OKPYXHOCTU, Kak ykasaHo B G.4.2.3. Mm,
a (ca*, — cpefHsAs TO/WMUHA CTEHKU, MM.

G.4.3 MNMpepen TekyyecTtn

Kaxablii o6pasel, Ana UCNbITAaHUA Ha CMSATME AO/KEH OblTb TakXe NOABEPrHYT UCMbITAHWIO Ha pacTsxeHue.
Ob6pasel, 415 UCMbITAHUA Ha pacTsXeHue oTéupaloT OT Tpybbl psAoM C 06pasuoM AN UChbITaHWA Ha cmaTue (pucy-
HoOk G.1). McnbiTaHe Ha pacTshxeHve NpoBoAAT B COOTBETCTBUM ¢ TOCT P 53366.

Ecnn meTtann gns ncnbiTaHns Ha pacTshKeHue Bbipesasin ra3oBoil pe3Kkoil, To obpasel, He A0/KeH 6biTb U3rOTOB-
NIeH 13 mMeTa/na, HaxofsAWwerocs B 30He TEPMUYECKOTO BUAHUA PE3KU.

G.4.4 OcTaTouHble HanNpsXeHnsa

G.4.4.1 N3mepeHune n pacuyet

Mpy KaXAOM MCMbITAHUM Ha CMATUE TakkKe OnpefesnsioT Be/IMYMHY OCTaTOUYHbIX HanpsHKeHWi, Ana vYero ucnosnb-
3yl0T MeTog ucnbiTaHna C-ob6pasHoro obpasua. C-o6pasHblii obpasel, oTpesaloT OT TPybbl PsSAOM C KOHLOM ob6pasua
ANA UCnbITaHMs Ha cMsTUe (pucyHok G.1). Ans Toro Yto6bl 06ecneynTb TOUHOE OonpefesieHne OCTAaTOUHbIX HaNPsHKEHW,
AnuHa obpasua fo/mkHa 6biTb He MeHee ABYX HapyXHbIX AnaMeTpoB Tpy6bl, Kak pekomeHayeTca B [46]. Bonee kopoTkue
o6pasLbl NMoka3blBalT 3aHMKEHHbIE 3HAYEHUSI OCTATOYHbIX HanpshkeHwii. flonyckaeTcs ucnonb3oBaTb ABa MeTofa on-
pefeneHns oCTaToYHbIX HaNpsHKeHW:

a) Ha o6pasuax NosHoW ANvHbLI UD 2 2;

b) Ha KOpOTKMX o6pasuax (2 > UD 2 0.5). npn 3TOM MOJyYeHHble OCTATOUYHble HaMpPsXeHWs KOPPEeKTUPYIT Mo
Kann6poBOYHOI KpuUBOI ANsi faHHOW TpyGbl € y4eToM A/IMHbI 06pa3ua. MoCcTpoeHne 1 UCNonb30BaHe KannbpoBOYHbIX
KpuBbIX — no G.4.4.2.

KanubpoBoyHas KpuBas MOXeT GblTb UCMOMb30BaHa MPU BCEX AasIbHEMLWNX UCMbITAHUAX HA cMsTUe Tpy6, u3ro-
TOB/IEHHbIX AAaHHbIM MPOWN3BOACTBEHHbIM Mpoueccom. Mpu N6oM n3MeHeHUn npouecca (Hanpumep, Temnepartypbl
oTnycka, metoja npasku U T. N.) HEO6XOAUMO MOBTOPUTL WUCMbITAHWE U MEepecynTaTb KPUBYIo.

VcnbiTaHne Ha cMsATME NPOBOAAT B COOTBETCTBMM CO CTaHAApTOM [47] cO cneayloWwmnM N3MeHeHneM: ocTaTouHoe
HanpsbxeHue offrl BeluncnsawT no opmyne

Kie4 G.1)
1-v2

rae E - — mopaynb HOHra, pasHbliii 206,9 Ma;

t. — CPeAHss TONWUHA CTEHKN TPy6bl, MM;
Dbc — cpepHwnit HapyxHblii gnameTp Tpy6bl 40 Hagpesa, MM;
— CpeAHWit HapyxHblii gnameTp Tpy6bl nocne Hagpesa, MM;
v — koadhdmumeHT lMyaccoHa, pasHblii 0.28.

MpumeuvaHune — [na AaHHON hOPMY bl UCNONB3YIOT hakTUYeCKne 3HaYeHus Ic

PacueT gaeT oTpuuatesibHOe 3HaYeHWe OCTATOYHbIX HaMPSHKEHWNA, ecnn HapyxXHblii gnameTp C-o6pa3Horo 06-
pasua nocfie Hagpesa yBe/IMYMBAETCA, W MOMOXUTENIbHOE HaNpsXKeHne, ec OH yMeHbllaeTcsA. 3ro cooTBeTCTBYeT
cornaweHnio 0 3Hake HanpsKeHWuii, npueefeHHOM B cTaHpgapTe [3], npunoxeHue F.

G.4.4.2 Monpaska Ha ANuHy o6pasua

G.4.4.2.1 Obuwme NonoxeHns

KpuBble monpaBoK AO/MKHbI GbITb OCHOBaHbl Ha pe3ynbTaTtax ucnbiTaHuii 20 o6pasuoB AnvHoi oT 0.50 go 2,00.
McnbiTaHne npoBogAT Ha C-o6pa3Hom o6pasue, kak onucaHo B G.4.4.1. lnuHa o6pasuoB 1 X nocnenoBatesibHOCTb
nokasaHbl Ha pucyHke G.2. Bce o6pasubl 0Tpe3alT OT OAHOI Tpybbl, NOCKOMbKY OCTaTOUHbIE HAMPSXEHUS NPUMEpPHO
OAVHAKOBbLI MO A/INHE OTAENbHOW TPyObl, HO OTANYAOTCA ANS pa3HbIX TPY6.

AT, T, EEEE, BAAT, FFEL T

1 0.5 0.5 0.5 0.5
15 _ 2 _ 15 2 . 15 2 15 2 15 2
0.5 1 1 1 1
1—20 — nopsapaok pesku o6pasyoB. O — HapyXHbIii guameTtp

PucyHok G.2 — TMopsagok ot6opa 06pa3uoB OT 04HON TPy6bI
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[na Kaxpaoro otHoweHna UD onpeaensaoT cpefiHee OCTaTOYHOe HanpshKeHue v AeNAT ero Ha cpejHee ocTaTou-
Hoe HanpshkeHue ansa LID. paBHoro 2.0. Takum o6pa3oM HaxoAAaT 3aBUCUMOCTb OTHOLLEHWS NPOrHO3MPYyemMoro u gpaktu-
YecKoro HanpsbkeHwii oT AnAuHbl obpasua, a rpadhuk 3TON 3aBUCUMMOCTW npeAcTaBnseT cob6oil KpyBYK NonNpaBoK.
CuuTatoT, 4To Npu LID. paBHOM 2. NMHUSI CTAHOBUTCS TOPU3OHTaNbHOW. Ha pucyHke G.3 npvBefeH NpuMep NOCTPOEHUst
KPMBON. [nA KaxAoi rpynnbl MPOYHOCTU U KaXAOro Tuna TepmMoo6paboTku fo/KHA 6biTb NOCTPOEHa CBOSA KpuBas. Tak.
Tpy6b! rpynnbl npo4yHocT N8O. nofBeprHyTble HopManusaumu, u TpyGbl 3TON Xe rpynnbl NMPOYHOCTU, MOABEPrHYTbIE
3akasike U oTnycky, TpebyloT NMOCTPOEHUA OTAe/IbHbIX KPUBBIX.

G.4.4.2.2 Tlpumep 1cnosib30BaH1A NonpaBok

Ha C-o6pasHom o6pasLie AnmHoi 0,750 nonyyeHHoOe 3HaYeHWEe OCTATOYHOTO HanpsHXKeHUs paBHO MUHyc 162.45 MMa.
Mo KkpuBOIA, 3apaHee NOCTPOEHHOI AN COOTBETCTBYIOLE TPynnbl MPOYHOCTU W pexuma TepmoobpaboTku (pucyHok G.3}.
nonpaBoYHbIli KO3IhNLMEHT (OTHOLWEHNE MPOrHO3NPYeMOro K hakTuyeckomMy OCTaTOYHOMY HanpshkeHuto) paBeH 0.804.
MoaTomy chakTuyeckoe ocTaTOYHOE HanpshkeHue coctasBnser

ani= -162,45/0.804 =-202.05 MMa.

G.5 Mpoueaypa ucnbiTaHna

HapyxHyto noBepxHoCTb o6pasua nogseprarT AeACTBUIO MAPOCTATUYECKOrO AaB/iIeHUsi, KOTOpoe A0/KHO BO3pa-
cTaTb NOCTENEHHO, YTo6bl MOXHO 6blN10 ONpefenuTb AaBfieHne CMATUS C AONYCTUMON TOYHOCTbIO. VcnbiTaHNe MoOxXeT
6bITb NPOBEAEHO C NPUIOXKEHNEM OCEBOI Harpysku unu 6e3 Hee. B nepsom cnyvyae cHauana npunaraeTcss ocesas
Harpyska, Kotopasi BO BpeMs NPUIOXEHUSI AaBeHNA BblAepPXMBAETCH NOCTOSAHHOIA.

G.6 Peructpauus pe3ynbTaToB UCnbliTaHUs

PerucTtpaunto pesynbTaToB UCMbITaHNA NPOBOAAT, Kak nMokasaHo B Tabnuue G.1. FeomeTpuyeckne napameTpsl
TPyO6bl (CPeAHWn HapyXHbIli AnameTp, CpefHssa TOJIWMHA CTEHKW, 0BaSIbHOCTb U 3KCLEHTPUCUTET) SABMAIOTCSA CPeAHUMMN 3Ha-
YeHUAMU. onpefeneHHbIMU B NATU pasHbIX ceyeHusx. PekoMeHAyeTca oopMIeHne JaHHbIX B 3/1eKTPOHHOM dhopmarTe.

MpumeuvaHunsn
1 Mo ocn X — oTHoweHne UD obpasua.
2 Mo ocn Y — OTHOLIEHME NMPOrHO3MPYEMOro K (hakTMYeCKoMy OCTaTOYHOMY HamnpsHKEHWIO.

Mpu ucnbiTaHUM 06pasLoB OT OAHOW TPyGbl COOTBETCTBYIOLLEl Fpynmnbl MPOYHOCTU U pexuma TepmMoo6paboTkm
nonyyeHbl cnepyluine 3HaYeHUsi NPOrHO3MPYEMOro OCTATOUYHOrO HaNPSXEHUS.

Ta6nunya G1

OTHOLUEHME A/IMHbI 06pasLa K HOMWHASIBHOMY
Hapy>HOMy AvameTpy Tpy6bl LiD

Mokasatesnb
0.S 10 15 2.0
-27.60 -31.28 -36.43 -37.35
-27.97 -33.49 -37.54 -38.64
MporHo3snpyemoe ocTatoyHOe HanpsxeHue -24.66 -34.22 -35.14 -35.33
-25.76 -30.91 -34.22 -34.78
-28.70 -29.81 -33.12 -37.90
CpepgHee 3HaueHne -26.94 -31.94 -35.29 -36.80
MporHosupyemoe HanpsbeHne -26.94 -31.94 -35.29 -36.80
dakTuyeckoe HanpsxeHue -36.80 -36.80 -36.80 -36.80
OTHOLWEHNE NPOrHO3UPYyeMoro u hakTnyeckoro oc- 0.732 0.868 0.959 1

TaTOUHbIX HanpsXKeHuii
PucyHok G.3 — [lpumMep NOCTPOEHUs KPWBOW MONpaBoOK AN ONpefAeneHusi OCTaTOYHOIO HanpsKeHus
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MpunoxeHune H
(cnpaBo4HoOe)

PacueT Npo4yHOCTM coeauHeHui

H.1 O6wune nonoxeHns

MpoyHOCTb pe3b60BbIX COeAVMHEHUI ABMSIETCA NokasaTenemM NPOYHOCTM KOHCTPYKUMW, a He mokasaTesieM repme-
TUYHOCTU coeaunHenus. [ns obcafHbix Tpy6 npegesnbHas Harpyska MOXeT pacCuUuMTbiBaTbCA MO TEKyYECTU UK NO paspy-
LeHno/CpbIBY pe3bbbl coefiHeHus. [11 HaCOCHO-KOMMPECCOPHbIX TPYD, Korga KoMIoHHa TPy6 [/I0KET MHOTOKPaTHO Noj-
HMMaTbLCA M ONycKaTbCs B CKBaXWHY, NpejernbHas Harpyska 06bl4HO onpefenseTcs no TeKy4ecTu COefMHEHUS.

H.2 ®opMynbl NPOEKTHOW NPOYHOCTM NPU PacTsSXEHUN CTaHAAPTHbIX COeANHEHU o6cafHbIX TPYO

H.2.1 O6wune noNnoxeHns

MpuBeaeHHble fafiee NOMOXEHNA N0 NPOYHOCTU NPU PaCTSXEHUN COeAUHEHU OTHOCATCA K COeAWHEHUAM
06cagHbIX TPy, U3rOTOBMEHHbIX B COOTBETCTBMM C TOCT P 53366 ¢ pe3bb60oBbIMU coeAnHeHnssiMM Mo TOCT P 51906 wu
FOCT P 53365.

H.2.2 MpoyHOCTb COeANHEHN 06caHbIX TPYD C TpeyronbHol pe3bboii

H.2.2.1 ®opmynbl npeAenbHbIX 3HaYeHWi

MpepenbHbie 3HAYEHUA NPOYHOCTU COeAVHeHWl o06cafHbIX TPY6 C TPeyrofbHOR pe3b60oii BbIUMCAAT, Bbibupas
MeHbLUee U3 [ByX 3Ha4yeHWii: NPOYHOCTW Tena Tpy6bl Ha yyacTke ¢ pe3b60ii UM NPOYHOCTY BUTKOB pe3bbbl Ha cpes.

PacueT npepgenbHO NPOYHOCTM Tena Tpybbl MPOBOAAT MO creAylolwein dopmyne

pi=V w (H.1)
PacueT npefenbHOW NPOYHOCTM BUTKOB pe3bbbl HA Cpe3 MPOBOAAT No cregywoleli hopmyne

0,740~°59Cup + ay
P,=/lp<m 0.5L0 +0.14D Lol + 0,14D (H.2)

roe
41p=J[(0-3,6195)2-d 2. (H.3)

npu 3ToM Pj — NpoYHOCTb coefuHeHus, H;
Ap— nnowajb nonepeyHoro cevyeHns Tpy6bl B NIOCKOCTU NOC/EAHEr0 BUTKA pe3bbbl C NOMHbIM Npoduiem, MM2;
— npejen Npo4YHOCTW NpeAcTaBUTENbHOrO o6pasua Npu pacTskeHun ans Tena Tpy6bl, MMa:
LM — ONNHa conpsbkKeHnsa npu MexaHW4eCcKom CBUHUYMBAHUW CO€AVHEHUA C HOMWHA/bHbIMUW TrEOMeTpu4Yeckn-
MU napameTpamu, pasHaa (L, - M). Mm;
O — HOMWHasbHbI HapyXHbIli gnameTp Tpy6bl, MM;
<Qyp — npepen TekydecTu nNpeAcTaBUTENbHOro obpasua Npu pacTskeHun Ana Tena Tpybbl, MMa;
d — BHYTpPEHHMWI1 auameTp Tpy6bl, paBHblil (O - 21). MM;
t — HOMWHanNbHas TOMLMHA CTEHKU TPybbl, MM.
H.2.2.2 PacueTHble hopmy bl
PacueT npo4yHOCTW coeAunHeHnii o6caaHbIx TPy6 C TpeyronbHOW pesb6oii NPoOBOASAT MO MeHblUeMY U3 ABYX 3Haue-
HWiA: NpoYHOCTU Tena Tpy6bl Ha yyacTke ¢ pe3b60it UM NPOYHOCTY BUTKOB pe3bbbl Ha CpPbIB.
PacueT Ha Npo4YHOCTb Tena Tpybbl NPOBOAAT MO caegytoweli hopmyne

P\=0.954"ouTr(}. (H.4)
PacueT Ha NPOYHOCTb BUTKOB pe3bObl Ha CPbIB MPOBOAAT MO cnejytouleii hopmyne

P =095 0,740-°'S9aumnp o ynmp
T 0.5LC +0.14D + LO) + 0,140 (H.5)

roe
AN fK 0-01425%2-71" (H.6)

npu 3ToM P, — NPOYHOCTb COeAMHEHMS, H;
\ — naowaab NoNepeyHoro ceyeHns Tpy6bl B NIOCKOCTU NOCNEAHEr0 BUTKA Pe3bbbl C MOMHLIM NPOGIMIEM, MM2;
Ounmp — 3aAaHHbIii MUHUMaNbHBIA Npegen NPoYHOCTM NpU pacTshkeHun ans Tena Tpy6bl. MMa;
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Lol — A/MHAa COMPSHXKEHUSI MPU MEeXaHW4YeCckOM CBUHUYMBAHWUW COEAMHEHUS| C HOMUHANIbHLIMW FTEOMEeTPUYECKU-
My napameTpamu, paBHas (L4 - M). Mm:
D — HOMWHaNbHbIA HapyXHbIi AnameTp TPyobl, MM:
oymnp— 3ajaHHblii MUHUMAasbHLIA Npegen TeKyvyecTu npu pacTskeHun Ans Tena Tpy6bl. MMa;
d — BHYTpeHHWIi guameTp Tpybbl, paBHbli (O - 21). MM;
t — HOMMHanNbHas TONWMHA CTEHKU TPYO6bl, MM.

H.2.2.3 O6ocHoBaHue

®opmynbl (H.4) n (H.5) npumeHsoTcs AN 060MX TUNOB coefuHEHUH o6cafHbIX TPY6 € TpeyronbHol pesb6oii
SCu LC.

Koad puymnent 0.95 B chopmynax (H.4) n (H.5) yuuTtbiBaeT cTaTUCTUYECKY NOTPEWHOCTb (DOPMY/bl MHO-
XeCTBEHHOI perpeccuy U No3BoNsieT NCNOMb30BaTh MUHUMA/bHbIE MOKa3aTeN NPOYHOCTN BMECTO CPefHNX 3Ha-
YeHWUA.

Mopapo6HocTn paspaboTkm opmyn (H.4) n (H.5) — cm. ctangapT [3].

H.2.2.4 MpoyHOCTb MydT

H.2.2.4.1 ®opmMynbl NpefenbHbIX 3HAYEHWi

Ecnu pa3mepbl My Tbl TakoBbl, YTO ee paspylleHne npou3oiigeT paHblue, YeM paspyleHue Tena TpyGbl unu
pe3b6bl, TO pacyeT NPOYHOCTM MychTbl MPOBOAAT MO cneayiolieli hopmyne

ArvVue H.7)
rae P, — NpouYHOCTb coeAnHeHus. H:

A+ . Tfiowaae nonepeyHoro ceveHuns MydTel, paBHas - d2). mm2

OM- HOMWHanNbHbIA HapyXHbIi AvaMeTp 06bIYHON MyddTbl, MM;
AnaMeTp BnafuHbl pe3bbbl MyddThl B NIOCKOCTU TOpLa TPyObl NPY MEXaHWYECKOM CBUHUYMBAHWUU, MM;
«ic— Npejen NpoYHOCTV NpeAcTaBUTeNbHOrO o6pasla Npu pacTsHXkeHnn Ans MydTbl. MMa.

d, =E,-(L,+A)Ta+H-2sm (H.8)
roe d, — AvameTp BnaguHbl pe3bbbl MyghThl B NIOCKOCTM TopLa TPyGbl NpY MEXaHUYEeCKOM CBUHUMBAHUW, MM:
E, — cpeaHwuii gnameTp pe3b6bl B MJOCKOCTY PYYHOTO CBUHUMBAHUS, MM:
L, — paccTosiHue oT Topua Tpy6bl 40 MAOCKOCTW PYYHOrO CBUHUMUBAHUS, MM;
A — HaTAr Npy PyYHOM CBUHUMBAHWUU, MM:
H — BbICOTa WCXOLHOMO NPOUNST TPEYroNbHOl pe3b6bl, MM;

sm— cpe3 no BnaguMHam npocuns TPeyrosbHOW pesb6bl, MM;
Ta — KOHYCHOCTb, MM'MM.
H.2.2.4.2 PacuyeTtHas dhopmyna
Ecnu pasmepbl MydTbl TakoBbl, YTO ee paspylleHune Npou3oligeT paHblue, YeM paspylleHue Tena Tpy6bl wan
pe3b6bl, TO pacyeT NPOYHOCTU MYDThI NPOBOAST MO creayLwen hopmyne

P,=0.95Vumnc (H3)
rge Pt — NPOYHOCTb COefUHEHUs. H:

Afi — nnowaab nonepeyHoro ceyeHma MydTbl, paBHas ~ d*)- mMmM2;

Du — HOMVHA/IbHbIN HAPYXHbIV AUamMeTp MyMTbl, MM;
d, — AvameTp BnafguHbl pe3bbbl MydTbl B MIOCKOCTU TopLa TPyGbl NPU MEXaHWYECKOM CBUHUYMBAHUM, MM;
°umnc — 3afjaHHblii MUHUManbHbIA NpeAen NPOYHOCTU MpU PACTSHXKEHUU Ans MydTbl. MMa.

d,=E,-<L, +A)rd+W -2v, (H.10)

rae d, — gvameTp BnaAuHbl pe3bbbl MydTbl B MI0CKOCTK Topua Tpybbl NpM MEXaHW4YeCKOM CBMHUMBAHWUW, MM;

E, — cpefHwuii gnameTp pe3bbbl B NIOCKOCTA PYYHOrO CBUHUYMBAHWSA, MM;

L, — paccrosiHne oT Topua Tpy6bl A0 NJOCKOCTU PYYHOTO CBUHYMBAHWSA, MM;

A — HaTAr Npy py4yHOM CBUHYMBAHWUMU, MM:

H — BbICOTa MCXOAHOTO NPOMNA TPEyrosbHOW pe3bbbl, MM;

sm — cpe3 No BnaguMHam Npoduna TpeyronbHol pe3bbbl, MM;

T6 — KOHYCHOCTb, MM/MM.

H.2.3 MpoYyHoCTb coefnHeHN 06cagHbIX TPY6 € TpaneueuganbHoli pe3b6oii

H.2.3.1 dopmyna npefAenbHbIX 3HAYEHWI

MpepenbHble 3Ha4YeHWA NPOYHOCTU COeAMHEHWIt o6cagHblx TPy € TpaneuewnpganbHoii pe3bboli onpepensioT,
BblOVpas MeHbllee U3 ABYX 3HAYEHWUIA: MPOYHOCTM pe3bbbl TPY6bl MAN MPOYHOCTU Pe3bbbl MydThbI.
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PacueT Ha NpPoYHOCTb pe3b6bl TPYGbl NPOBOAST MO creAytoleit hopmyne

g"Q.O
|

4lc —

Obl —
d, —
<xUc —

rae d, —
E7 —
L7 —
AB —

Ta —
hB —

P. = 4povp 1.008 - 0.00156 (1.083 - jo

p (H.11)
(H-12)
HOMUWHA/bHBIA HapyXHbI guameTp Tpy6bl, MM:
BHYTPEHHUI AnameTp rpybbl, paBHblii (O - 21). MM;
HOMUHaNbHAas TOMLMHA CTEHKN TPybbl, MM;
npeAen NPoYHOCTU MpeAcTaBUTENbHOK obpasua npu pacTsxeHun gnsa tena Tpy6bl. MMa;
npegen TekyyecT npeActaBuTeNIbHOro obpasya npu pacTsxeHun gna tena Tpy6bl. MMa;
naowaab nonepeyvyHoro ceyeHnss Mydtol, paBHas " [Obl - d?). Mm2:
HOMUWHANbHBIA HapPYXHbI AnameTp MydTbl, MM;
fAvameTp BnafguHbl pe3bbbl MydTbl B N0CKOCTU TOpua TPyObl NPU MEXaHUYECKOM CBUHYMBAHWUM, MM.
npefen NpoYHOCTU npejcTaBuTeNIbHOro obpasua npu pacTaxeHnn gna MydTbl. MMa.
d\= - (b *wWs)7d+ JiB. (H.13)

AvameTp BnaAnHbl pe3bbbl MydTbl B NJOCKOCTM Topua TPybObl MPpU MeXaHW4YeCKOM CBUHUMBAHUW, MM;
cpefHuii anameTp pe3bObl B OCHOBHOW MAOCKOCTU, MM;

ANVHa pe3b6bl TPyObl C MOMHBIM Npodunem, mMM;

Ans coeAnHeHns BC — paccTosiHne OT Topua MydTbl A0 OCHOBAHWA TPEYrofibHOro kneiimMa npu pyyHoM
CBUHYMBAHWUW, ANnA coeanHeHnit OTTI n OTTM —paccTossHMe oT Topua Mmyd Thl 0 koHUa c6era pesb-
6bl HaTpy6e NPV Py4YHOM CBUHYUUBAHUW, MM;

KOHYCHOCTb, MM/MM;

BblCOTa Npodnnsa TpaneuenganbHOn pesbbbl, MM.

H.2.3.2 PacueTHas chopmyna

PacueT Npo4HOCTU coeAnHeHunii o6cafHbIx TPy6 ¢ TpaneuyenpansHoil pe3b60il onpeaenaoT, Boibupas MeHbllee
13 ABYX 3HAYEHWIi; NPOYHOCTN pe3bbbl TPYObl AN NPOYHOCTU pe3b6bl MydThI.

PacueT Ha NpoYHOCTb pe3b6bl TPY6bl NPOBOAAT NO cneaytolei thopmyne

(H.14)

(H.15)

D — HOMMWHasbHbIA HapyXHbIi gnameTp Tpy6bl, MM:

d — BHYTpeHHWIi guameTp Tpy6bl, paBHbii (D - 21), MM;

| — HOMMWHasbHas TONWMHA CTEHKN TPY6bl, MM;
owT¥>— 3afjaHHblil MUHUMANbHbIV Npefen NPOYHOCTV MPU PACTSXEHUU ANA Tena Tpy6bl. MMa;
Oymnp— 3afiaHHblli MUHUManbHbIA NpeAen TekydecTu Npu pacTsxKeHun AN Tena Tpy6bl. MrMa:

NNc — nnowagb NonepeyHoro ceveHns MydTbl, paBHas IDu - d2), mm2;
Du — HOMWHasbHbIA HapPYXHbIA gnameTp MydTbl, MM:
d, — guameTp BnaAuHbl pe3b6bl My Tbl B NI0CKOCTU Topua TPy6bl NPU MEXaHUYeCKOM CBUHYMBAHUW, MM;

Oournc— 3afaHHblii MUHUMasbHBIA NpeAen MPOYHOCTU MPU pacTsxeHun Ans mydTsl. MMa.
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d\- £7 —{I-, + AB)Ta+ hB, (H.16)
rge d, — AvameTp BnafuHbl pe3b6bl MydThl B NOCKOCTU Topua TPyObl NPU  MeXaHWYeCKoM CBUHUMBAHWW, MM;
Er — cpefHuii gnameTp pe3bbbl B OCHOBHOI M/IOCKOCTU, MM;

L7 — pAnvHa pesbbbl TPy6Obl C NOMHbLIM Npodunem, mMM;
NlB — ans coeguHeHnss BC — paccTosiHne oT Topua My Thl 40 OCHOBAHUS TPEYrosIbHOTO KeiMa npu pyyHoOM CBUH-
ynmBaHUK, Ana coeanHeHunit OFTFm OTTM— paccTossHUEe O T Topua Myd Thl A0 KOHLA c6erape3b6bl HA
Tpy6e npu py4yHOM CBUHUYMBAHUMN, MM;
TiA — KOHYCHOCTb, MM/MM;
/I8 — BbICcOTa Npodhuns TpaneuenaansHoli pesbObl, MM.
H.2.3.3 060cHOBaHue
Moppo6HocT paspaboTkn cdopmyn (H.14) n (H.15) — cm. [48].
H.2.4 TIpoYHOCTb NpU pacTAXeHUN CoeANHEHNI CTaH4apTHbIX HACOCHO-KOMMPECCOPHbIX TPY6
H.2.4.1 O6wwne nonoxeHus
MpuBeAeHHble fanee [aHHble O MPOYHOCTWM  COEAMHEHUSA OTHOCATCA K COeAMHEHUSAM HAaCOCHO-KOMMpeccop-
HbIX TPYy6, M3rOTOB/IEHHbIX B COOTBETCTBMM C FOCT P 53366 C pe3bb0BbiMKW coeguHeHnssiMu no FOCT P 51906 un
FOCT P 53365.
H.2.4.2 TIpOYHOCTb COEAMHEHUI HACOCHO-KOMMNPECCOPHbLIX TPYO C HEBbICAXEHHLIMU KOHLaMU
H.2.4.2.1 O6wwne nonoxeHuns
MpOYHOCTb COEAMHEHUA HACOCHO-KOMMNPECCOPHbIX TPYO C HEBbICAXEHHbIMU KOHLAMW U TpeyronbHOW pe3b6oil
paccunTblBalOT Kak NpousBeAeHne npegena TekyyecTu U naowagn nonepevyHoro ceyeHus Tpybbl nofg nocnefHWm non-
HbIM BUTKOM pe3bObl. Mnowafb KpUTUYECKOTO CeYeHUs 0ObIYHbIX U cneunanbHbiX MydT 415 HACOCHO-KOMMPECCOPHbIX
Tpy6 BCerga 3aBefoMO 60/blie KPUTUYECKOro CevyeHuns Tpyb B COEMHEHUN W He BMSIET Ha ero NpoYHOCTb.
MpoYHOCTL COeAMHEHUSI HACOCHO-KOMMPECCOPHbIX TPY6 C HEeBbICAXEHHbIMU KOHLUaMu U TpaneueunanbHoin pesb-
6001 paccunTbiBatoT no H.2.3.
H.2.4.2.2 ®opmyna npefesnbHbIX 3HAYEHUI
MpOYHOCTb NpU PacTSHKEHUN COEAUHEHNS HACOCHO-KOMMPECCOPHbIX TPY6 C HEeBbICAXEHHbIMU KOHUaMW u Tpe -
yronbHo# pe3b60it coctaBnsaer

(H.17)

roe — MPOYHOCTb coeAnHeHns. H:

af — npepgen TekyyecTn npeAcTaBUTENIbHOTO o6pasua npu pactsxeHun. MMa;

04 — HapyxXHblli gnameTp pe3bbbl TPyObl, MM;

/js — BbICOTa NpouNIA TPeyronbHOW pe3bbbl, MM;

d — BHYTpPeHHui gnameTp Tpy6bl, paBHblil (D - 2/). mm;

O — HOMWHasbHbI/ HapyXHbIl AnameTp TpyGbl, MM:

t — HOMWHaNbHas TOMLWMHA CTEHKWN TPy6bl, MM.

H.2.4.2.3 PacuyeTtHas dopmyna
MpOYHOCTL MpY PacTAXEeHWN COeAMHEHUS HACOCHO-KOMMPECCOPHbIX TPY6 C HeBbICAXEHHbIMWU KOHLaMW U Tpe -
yronbHoO" pe3b6oii cocTaBnser

(H.18)

roe Pj  — npoYHocTb coefuHeHus. H;

°ymn — 3afaHHblii MYHUMaNbHbI Npegen TekyyecTw nNpu pacTskeHun. MMa:

04 — HapyxXHblli guameTp pe3bbbl TPYObl, MM;

hs — BbicOTa NpodunsA TPeyrosbHOW pe3bbbl, MM:

d — BHYTPEHHUI AnameTp Tpy6bl, paBHbli (O - 21), MM;

D  — HOMWHasbHbLIA HapyXHbI gnameTp Tpy6bl, MM;

|/ — HOMWHaNbHas TOMLWMHA CTEHKN TPyO6bl, MM.

H.2.4.3 TIpoYHOCTb COEAMHEHUI HACOCHO-KOMMPECCOPHbIX TPY6 C BbICAXEHHbLIMU KOHLaMu

H.2.4.3.1 O6wwne nonoxexHus

MpOYHOCTL COEfUHEHNA HACOCHO-KOMMPECCOPHbIX TPY6 C BbICAXEHHbIMWU KOHLAMW W TpeyronbHOW pe3b6oii
paccunTbIBalOT Kak Npou3BejeHne npegena TeKyyecTu U naowaan nonepeyHoro ceyeHus tena Tpy6sl. Mnowaas none-
peyHoro cevyeHus Tpy6bl NoA NOCAEAHUM MOMHbLIM BUTKOM pe3bbbl HACOCHO-KOMMPECCOPHbIX TPY6 C BblCAXEHHbIMU
KOHUaMn 6osblue nowaan NonepeyHoro cevyeHns tena Tpyobl. Maowasab NONepeyHoro ceveHms 06bIYHbIX U cneynanb-
HbIX MyOT AN1A HACOCHO-KOMMNPECCOPHbIX TPY6 Takke 60/bLue naolain 0OCHOBHOTO KpUTUYECKOTO ceveHns Tpy6 B coeau-
HEHUW W He B/IMSAET Ha ero MpPoYHOCTb.
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H.2.4.3.2 ®opmyna npepenbHbIX 3HAYEHUI
MpepaenbHble 3HAYEHUSI MPOYHOCTU MPU PaCTSHKEHUM N1 COEAWHEHWI HACOCHO-KOMMPECCOPHbIX TPy6 ¢ Bbica-

XEHHbIMU KOHL{AMMN 1 TpeyronbHOi pe3b60ii BbIUUCAAKT N0 cnegyiolweil hopmyne

(H.19)

roe f, — nNpo4YHOCTb coeAuHeHus, H;
at— npegen TekyyecTu npefcTaBUTeNbHOro o6pasua npu pactskenun, Mra:
O — HOMUHaNbHbIA HapyXHblli AnameTp Tpyobl, MM:
d — BHYTpPeHHWii gnameTp Tpy6bl, paBHblii {D - 21), Mm;
t — HOMUWHaNbHas TOMLMHA CTEHKN TPYObl, MM.
H.2.4.3.3 PacueTtHas dopmyna
PacueT NpoYHOCTU NpW PacTSXEHUN AR COefUHEHWNA HACOCHO-KOMMNPECCOPHbIX TPY6 C BbICAXEHHbIMKU KOHLAMU

M TpeyronbHoi pe3b60it NPOBOAAT NO crneaywoLleli hopmyne

(H.20)
rqae P, — nNpoyHOCTb coefunHeHuns, H;
oy — 3aaHHblii MUHUMAasbHbLIA Npefen TekyyecTn npu pactsxeHun. MMa:
D — HOMMWHaNbHbIA HapyXHbI AnameTp Tpybbl, MM;
d — BHYTpeHHUi guameTtp Tpy6bl, paBHblit (D - 2/). Mm:

| — HOMWHaNbHaA TO/NWWUHA CTEHKU pr6b|, MM.
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Ta6nuuya .2 — PacueTHoe BHYTpeHHEEe faBneHne NoTepy repMeTUYHOCTY AN CoOeANHEHNI 06CaiHbIX Tpy6

BHYTpeHHee pasneHbe NMOTEPU TEPMETUYHOCTU ANs coeauHeHuidi. MMa'l
HapyXHbl it

Ipynna BC Oorrm OoTTr
avaveTp
D. Mm npouHocTyH sc 1c O6bluHas Cneunanb- O6bluyHan Cneunanb- O6blyHaa Cneunanb-
Myt Ta Haa mydTa mydTa Haa mydTa mydTa Haa mydTa
101.60 No6as — — — — 196.2 149.6 — —
114.30 Niobas 123.5 123.5 119,7 95.8 160.3 130.4 157.4 127.4
127.00 No6as 110.2 110.2 134.9 98.1 143.5 106.7 141.1 104.3
139.70 Niobas 90.7 90.7 110.9 81.9 118.2 88.9 116.3 87.1
146.05 Niobasn 108.0 108.0 135.3 77.9 141.3 84.5 139.5 82.7
168.28 No6as 81.5 81.5 101.8 57.3 106.7 62.3 102.4 60.9
Niobas.
177,80  OOwiunas 65,6 65.6 81,2 51.5 85.8 55.2 84.6 54.7
My Ta
194.46
Nwbas.
177.80 06bluyHas 81.3 81.3 102.4 51.5 — — — _
MydTa
200.03
193.68 Nob6as 81.3 81.3 102.4 55.3 91.0 59.2 90,0 58.2
219.08 NMobas 81.3 81.3 87.4 55.3 91.0 59.2 90.6 58.2
R95. T95
71.5 71,5 77.4 43.7 80.3 46.7 79.5 45.9
24448 U HUXe
244.48 P110w 58.3 58.3 63.1 35.4 65.5 37.8 64.8 37.2
Bbille
250.83 Niobasn — - — — — — 64.8 -
R95. T95
273.05 N HWKe 47.4 — 51,3 28.6 53.3 30.6 52.8 30.0
P110 n
273.05 BbILe 54.4 — 51,3 28.6 53.3 30.6 52.8 30.0
298.45 RIS T 4g, - 43,4 28.6 45.0 — _ —
N HWNnxe
P110 n
298.45 BbILe 46.0 — 43.4 — 45.0 — — —
323.85 Niobas 36.2 — 39.4 — 45.0 — 40.3 —
R95, T95
339.73 31.3 - 34.0 — 35.1 — — —
N HMxe
P110 n
339.73 BLILLE 36.0 - 34.0 — 35.1 — — —
406.40 NMobas 22.3 — 245 — — — - -
425.45 Niwbasa - — 22.1 — — — — —
473.08 Niobas 21.7 — 24.1 — — — — —
508.00 H40 14.5 14.5 16.0 — — — — —
508.00  J55u Bbiwe  16.6 16.6 16.0 — — — — —

N PacuyeT no popmyne (68).

MpumevaHunsa

1 PacyeTHble nokasaTtenu B HacTosiell Tabnuue ykasaHbl 4718 3KCnayaTaunm Tpy6, cooTBeTCTBYOWMX Tpebo-
BaHUsIM TOCT P 53366. B 06bIYHOI OKpyXatLlieli cpefe. kcnnyaTtauus Tpyb B Apyroil cpefne MoxeT notpeboBaTb
[lONOJIHUTENbHOTO aHann3a, Hanpumep ONWCaHHOIo B NpunoxeHun D.

2 BHyTpeHHee faBfieHne noTepu repMeTUYHOCTU B NIOCKOCTU £, TPy6 C TpeyronbHoW pe3b60oit A B NA0CKO-
cTn Ey Tpy6 c TpaneueunfanbHoil pe3b60ii MOXET 6blTb HUKE MUHUMaNbHOrO BHYTPEHHEro AaBfieHNs AOCTUXKEeHUs
TeKyyecTu B coefuHeHnsax (cMm. Tabnuuy 1.1).
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Ta6nuuya 13— PacueTHble nokasatenu Ans o6cafHbix TPY6 U UX COEAUHEHUI NP OCEBOM PaCTSHKEHWN

Hap/*-
oHA
mameTp
0, Mu

101.60
101.60
101.60
101.60
101.60
101.60
101.60
101.60
101.60
114.30
114,30
114.30
114.30
114.30
114.30
114.30
114.30
114.30
114.30
114.30
114.30
114.30
114.30
114.30
114.30
114.30
114.30
114.30
114.30
114.30
114.30
114.30
114.30
114.30
114.30
114.30
114.30

114.30

172

6 50
6 50
6.50
6.50
6.50
6.50
6 50
6 50
6.50
521
5.69
6.35
7.37
6.56
5.21
5.69
6.35
737
8.56
5.21
5.69
6.35
7.37
8.56
5.21
5.69
6.35
7.37
8.56
5,21
5.69
6.35
7.37
8,56
6,35
7.37
8.56

10.20

BK/T.
paHHuii
AHa-
bIOTP

Mbl

88.60
88.60
88.60
88.60
88.60
88.60
88.60
88.60
88.60
103.88
102.92
101.60
99.56
97 18
103,88
102.92
101.60
99.56
97.18
103.88
102.92
101.60
99 56
97 18
103.88
102.92
101.60
99.56
97.18
103.88
102.92
101.60
99.56
97 18
101.60
99 56
97.78

93.90

Ip*raa
np<>4n.
cm

X55
180 9Cr
L80
N80
N80
Cc95
P110
P110
H40
H40
H40
H40
H40
J55
J55
J55
J5S
J55
K5S
K55

M65
M65
ues
M65
M65
M65
M65
ue6s
180 9Cr
L80 90T
L80 9Cr

L80 9Cr

Mopa-
VioHHas!
UCbyccCT.
ocHUUM
necexT
(Hagpe3)

a, u
2 125
2 125
2 125
1 125
2 125
1 125
1 125
1 125
1 5
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125

125
1 125

125
1 125
1 125
2 125
2 125
2 125
2 125

(10)

To.>-
vactn
Tora
P>l
601

PC3HObI
MMa

736

1071
1071
1071
1071
1271
1471
1471
492
536
594
683
784
677
736
817
938
1077
677
736
817
938
1077
800
870
965
1109
1273
800
870
965
1109
1273
1188
1365
1569
1840

(54> |55). (56)

sC

341

451
589
684
918
1102
498
651
757

525
684

525
664

LC

721
968
1162

799
874
1048

837
1015
1218

637

1015
1218
942

1142
1371
1677

CooTBeTCTBYIOLMI nablap hopMynbl

(60). (61)

MpoyHoCTb coeanHeHns MMa

BatTpace
O6blyHas CneuwnanbHas
mycTa n>gra

rpynnbl
npo*-
0CTM

902
1000

1109
1230

1028
1141

1311

1028
1141

1311

1293
1486

5UC0BMC Hio«*o BuO.rfQ

rpynr.n
npu-
MoCTU

902
1000

1109
1230

‘Pynnbi
npoy-
MoCTU

902
1000

1109
1230

1028
1141

1311

1028
1141

1311

1293
1422

rpynnb!
npou.
MoCTU

902
1000

1109
1230

armm armr

06Hu- Crnouyu- O6bI4-  Cneuw-
MaB  atbmda  Has anbHas
mudnTa «/iT.nia

Bicokve  HAAD -
V/A rpynnbl  rpyrMu rpynnsi
rrpov-  ITpou. npoy-  Apou.
XKOTW  MOOT7U HOCTU  nocnwbi
90S 908
1121 1121
1172 1172
1172 1172
1224 1224
1224 1224
1360 1360
1551 1551
1551 1551 -
1000 1000
1149 1149
1320 1176 1320 1282
1230 1230
1414 1414
1624 1490 1624 1624
1141 1141
1311 1311
1505 1490 1505 1505
1141 1141
1311 1311
1505 1490 1505 1505
1707 1490 1707 1624
1882 1490 2002 1624



MpoponxeHne Tabnuuybl 1.3

Hapy»x-
Hb
avameTp
0. Mv

114.30

114.30

11430

114.30

114.30

114,30
114.30
1430
1430
114.30
114.30
1430
1430
114,30

114,30
1430
1430
114.30
114.30
1430
1430
114,30
114,30
114.30
1430
114.30
114.30

114.30

TOO-
kM
CTOH-
eml
MM

B 35
7,37

8.56

1020
521
5.69
B 35
7.37

8.56

1020

569
6.35
737
856
1020
B 35
737
8 56
1020
6.35
7,37
8.56
1020
6.35
7.37
856
1020
6.35
737
8.56
1020
6.35
7.37

8.56

BHyT-
PeHHNIA
ana-
MeTp a.
MM

101.60
99.56
97,18
93.90

103.88
102.92

101.60
99.56
97.18
93.90
103.88
102.92

101.60
99.66
97.18
93.90

101.60
99.56
97.18
93 90

101.60
99 S6
97,18
93.90

101.60
99.56
97.18
93.90

101.60
99 56
97.16
93.90

101.60
99.56

97.16

Ipynna
CPOYHO-
ctm

-

80

-

BC

88BEB

=4

80

BBBEE

4

80

4

80

88

(9]

90

Cc90

Cc90
R95

R95

R9S

T95

T95

795

ros

P110

P110

P110

P110

P110

P110

MNepe-
MeHHee'
meTtyocT
eounnii
fecext
(Hagpea)
K. ap o+
1 125
1 125
1 125
| 12.5
2 125
2 12.5
2 125
2 125
2 12.5
2 125
1 125
1 125
1 125
1 125
1 12.5
1 125
1 6
1 6
1 5
1 s
1 125
1 12.5
1 125
1 12.5
1 5
1 5
1 s
1 s
1 125
1 125
1 125
1 125
1 5
1 5
1 5

(10)

Tery-
4ocTs
rere
TpyGbl
Bor
peavCu,
MMa

1188
1365
1569
1840

985

1188
1365

1569

985

1188
1365

1569

1336
1536

1765

1411

1621

1411
1621

1862

1633
1877
2156
2527
1633
1877

2156

|54> (55) (56)

sC LC

942
1142
1371

992
1202
1442

1764

992

1202

992

1202

we
1%
1090
1322

1586

1041
1262
1515
1854
1240
1502

1804

1240
1502

1804

BatTpocc
OCeTuHas CneyuansHas
mydra mMythTa
Bucaiho Hunno Bu-o.ma

rpynnsl - TPYANbl G ynnu  dynnu
npou- npoy-  -1004 TpOY-
HOCTM ~ HOCTU  MOCTU  MOCTW

1293 1293

1486 - 1422

1351 1351 1351

1552 1552 1497

1351 1351 1351 1351
1552 1552 1497 1552
1376 1376

1581 1497

1502 1502

1727 1727

1446 . 1446

1662 1572

1713 1713 1713 1713
1969 1969 1871 1969
2262 2262 1871 2021
1713 1713 1713 1713
1969 1969 1871 1969
2262 2262 1871 2021

FOCT P 54918— 2012

CooTeoTcTeyToLINA HoMep hopMy bl

(60) (61)

MpouHoCcTb coeanHeHne MMa

oTTu
OCwuy-  Cneuu-
maa angHas
mydhTta  MydTa
I_Hm rpynnsi
npoy-  /Ipoy-
HOCTW  HQQLTO
1293 1293
1486 1486
1707 :I.‘g)
1882 ].‘g:)
1349 1349
1551 1551
m 1587
1979 ]57
1349 1349
1551 1551
I 157
1979 1567
1374 1376
1580 1567
1815 1567
1979 ]537
1502 1502
1727 1724
98 174
2B LA
1445 1445
1662 1647
1008 164
2080 ]W
1713 1713
1969 1961
2262 1961
246 186
1713 1713
1969 1961
2262 1961

orTr
OCblM-  Cneun-
Hns albHas
MydpTa M, pTa
moo SACGKUC
V/W7u  rpynne
npov- npou-
MXLn mMoero
]IY 1624
]])7 1624
I 1700
A0 1700
]H 1709
A0 1700
1615 1709
2121 1709
]% 1880
ZE 1880
JgB 1795
20 1795
2262 2138
X33 2138
2262 2138
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MpoponxeHne Tabnuuybl 1.3

1430
1430
1430

114.30

1430

127 00
127.00
127.00
12r@
1@
127 00
127.00

127.00

12r@®
127/
127.00
127.00
127 00
127.00
127 00
127.00
127.00
127 00
127.00
127.00
r27.00
127.00
127 00
1@
127 00

127 00

174

T00-
LLKM

cTom-
o 1
MM

100
6.35
7.37
8.56
10.20
6.35
737
6.56
100
5.59
6.43

7,52

910
100
5.59
6.43

7.52

91
100
5.59
6.43
7.52
9.19
11.10

5.59

11.10
7.62
9.19
10.70
11.10

12.14

BHyT-
paHHuiA
ana-
meTp <
MM

93.90
101.80
99.56
97.16
93.90
101.60
99.56
97.18
93.90
115.82
114.14
111.96
1B
105.60
115.82
114.14
111.96
1B
105.60
115,82
114.14
111.96
108.62
104.80
115,82
114.14
111.96
108.62
104.80
414
111.96
108.62
105.60
104,80

102.72

pynna
rpeLuHo-
ctm

0125
0125

0125

0135
0135
0135
0135
J55

J55

J55
J55
K55
K55
K55
#55
#55
M65
M65
M65
M65
M65
M65
M65
M65
M65
M65
FSejeqy
L80 9Cr
L80 9Cr
FSejeuy
L80 9Cr

L80 9Cr

Mepe-
MeHHas"
He«yocT
eomumin
Aoten
(magpea)
aH Y
r 5
1 s
1 s
1 6
r 5
1 5
1 5
1 5
1 5
2 125
2 125
2 125
2 125
2 725
2 125
2 125
2 125
2 725
2 725
2 125
2 125
2 125
2 125
2 125
1 125
1 125
1 125
1 125
1 125
2 725
2 125
2 125
2 725
2 125
2 125

rno>

Tery-
UceTh
Tera
Tpy6Y®

el

MnNa

2527

7655

2450

B

808
923
1070

7288

808
923
1070

7288

955
1091
1265
1525
1811
955
1091
1265
1525

1811

1556

1877

2229

2417

|54> |55), (56)

sC

592

750

919

652

827

1013

689
872

689

672

LC

207
138
163
1949
2383
7438
14
3
230

810
992
7262

7500

894
1096
7394

7657

941
1153
1471

1820

941
1153
1471

1820

1313

1674

2072

2283

CooTBeTCTBYIOLWMIT HOMep hopMynbl

(60), (61)

MpouHoCTb coofHneHus MMa

O6bluHas
MydTa

rpynnb!

npoy-
HoCTH

2464

1123

1301

1376

1595

1281

1485

1790

2126

1281

1485

1790

2126

1688

2033

2267

2267

Bucoixo Hio»xo BUVO.XQ

BarTpocc

CneuvanbHas
mydTa

rpynrv  dynnu
npoy-  npoy-

HOCTKN

1123

1301

1376

1595

1123

1278

1376

1595

1281

1485

1619

1619

1281

1485

1619

1619

1619

1619

1619

1619

rpynnb!

npau-

MOCM MOCTU

1123

1301

1376

1595

o)17
C6bn- Cneuu-
Mae  anbHas
mydTta  MydTa
Fﬁﬁ* £nmrv*;,c
~P/?61 rpynnbi
npoy-  Npoy-
HOCTM  MOCTW
2476 1961
1866 1866
26 2A17
2463 2117
2675 ZJ]
2005 XIB
2305 274
8 24
B3 24
1122 1122
1301 1301
1567 1315
1801 1315
1376 1376
1594 1594
1021 16H
2208 ]ﬁB
1281 1281
1484 1484
1788 1666
2125 1666
1281 1261
1484 1484
1788 1668
2125 1866
1455 %
1686 1666
2032 1666
2317 1666
2317 1666

orTr
O6bl4-  Cneuu-
Ha* anbHas
mydhTta MydTa
Hunmb-00 SNAEKLC
-V/VYU- rpynnbl
npov-  Npo4.
ttoemu  MOCTO
X3 2738
2463 2309
285 2300
X8 2480
157 7433
181 7433
1921 7876
1788 1788
2125 1816
1788 1788
2125 1816
2032 1816
2335 7876
2414 1816



MpoponxeHne Tabnuuybl 1.3

Hapy)K-
Holt
LNNMCTP

O. mm

127.00
127/
127.00
127.00
127/
127.00
127.00
127.00
127/
127.00
127.00
127/
127.00
127.00
127.00
2@
127.00
127.00
12r@
127.00
127.00
127.00
12r@®
127.00
127.00
127.00
127.00
127.00
127/
127.00
127.00
12r@®
127.00
127.00

127.00

TOO-
LLLKM
cToiA-

KM 1.

MM

©
[
©

10.70
11.10
12.14
12.70

6 43

9.19
100
11,10
12.14
12.70

6.43

9.19
11,10
12.14
12.70
6.43

7.52

11.10
12.14
12.70

6 43

9.19
100
11.10
12.14

12.70

BwyT.
poummii
ana-
meTp

MM

101 60
14
111.96
10B.62
105.60
104,80
102.72
101.60
1
111,96
108,62
105.60
104,80
102,72

101.60

111.96
108,62
105.60
104.80
102.72
101,60
a1
111.96
108.62
104.80
102.72
101.60
nau
111.96
108.62
105 60
104.80
102.72

101.60

Ipynna
CPOYHO-

cmm

L80 9Cr

180
L80
L80
L8
L80
L80
L80
«80
N80

N80

N80
N80
N80

«80

N80
«80
N80
N80
N80
Cc90
C90
C90
C90
Cc90
Cc9o0
R95
R95
R95
R95

R95

R95

MNepB.-
mcuuna’
noyecrt-
ooMMN
fecext
(manpos)
an Y
2 125
1 125
1 125
1 125
1 125
1 125
1 125
1 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
1 125
1 125
1 125
1 125
1 125
1 125
1 125
1 5
1 5
1 5
1 5
1 5
1 5
1 125
1 12.5
1 125
125
1 125
1 125
1 125

TB«w>-
4YBCTb
Tora

TpyBU
Bort
po3b6H.
MMa

2515

1556
1877
2157
2229
2417
2515
1344
1556

1877

2229
2417
2515
1344
1556

1877

2229
2417

2515

1751
2112
2508
2719
2830
1593
1848
2229
2559
2647
2870

2987

|54> |55) (56

sC LC

2395

1313

1674

2072
2283
2395
1128
1382
1762
2092
- 2181
2403
2521
1128
1382
1762
2092
2181
2403

2521

1382
1762
2181
2403

- 2521

1498
- 1903
2301
2397
2641

2770

barTpeoc OTH\/I OT"_
OCbTumast CneumansHas o Creyn- OCm - Creyw-
mydTa mygTa MeR m"perﬁ My av’l"‘;“f‘;‘
Husa* Eucoiho HWIl*o Bucckua I'O\IDBMCOKVE HJIU\/ Bbicokvie
rpynnbl - rpynru ‘pynln  dynnu -V/WU- WTbl
npoy- npes- noouy- MooYy- npov- Y- Mpo-V- ey
HocTn HOCTU  HecTu Hectn  AXCITIU Ma7U  HoCTO
2267 1619
- 1455 1‘6
1686 -~ 1619 - 1686 1666
2033 1619 - 2032 1666 2032 1816
- - Zﬂ7 m 2335 1816
2267 1619 - 2317 1666 2414 1816
2267 1619
2267 - 1619
- 1517 ]5]7
1759 1759 1704 1758 1753
2122 2122 1704 2119 1753 2119 1910
- 25 1B 24D 1010
2387 2520 1704 2438 1753 2518 1910
2387 2732 1704
2387 2844 1704
- 1517 1517
1759 1759 1704 1759 1758 1753
2122 2122 1704 2122 2119 1753 2119 1910
2435 1753 % 1910
2387 2520 1704 2130 2438 1753 2518 1910
2387 2732 1704 2130
2387 2844 1704 2130 -
1549 1549 -
1796 1704 1795 1753
2166 1704 - 2163 1753 2163 1910
2387 - 1704 2438 1753 2509 1910
2387 1704
2387 1704
]53]. 1691
1960 1873 1960 1928
2361 1873 2361 1928 2361 2102
2682 J% 22].4 2102
2624 - 1873 2682 1928 2806 2102
2624 1873
2624 1873

FOCT P 54918— 2012

CcoTaoTcrayToLuii Homep GopmMy bl

(60) (61)

MpouHoCTb coeanHeHne- MMa
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MpoponxeHne Tabnuuybl 1.3

Hapyx-
Wil
AN.1BICIP
O. mm

127@
127.00
127.00
127.00
127.00
127.00
12r@
127.00
127.00
127
127.00
127.00
127.00
127
127.00
127.00
1@
127.00
127.00
127.00
127.00
127
127.00
127.00

127.00

127
127
1270
127/
139,70

139.70

1IP0
1IP0
IP0

139.70

176

TOO-
1 kM
CToOM-
a1l
MM

648

7,52
9.19
11.10
12.14

12.70

7.62
9.19
10.70
11.10
12.14

12.70

10.70
11.10
12.14
12.70
9.19
100
11.10
12.14
12.70
7.52
9.19
10.70
110
6,20
698
T2
917
10%

6 20

BHyT-
pevimunii
ana-
meTp 0,
MM

nau
111.96
108.62
104.80
102.72

101,60

111.96
108.62
105 60
104.80
102.72
101,60
114.14
111,96
108.62
105.60
104.80
102.72
101.60
108.62
150.60
104.80
102.72

101.60

127.30

iy
N7%3)
ivdIe)
116.62

127 30

Ipynno
CPOYHO-

cmm

ros

795

795

795

795

795

P110

P110

P110

P110

P110

P110

P110

P110

PNO

P110

P110

P110

0125

0125

0125

Mepe-
MeHHas"
noyecrt-
uchhuh
fedekt
(manpos)
am Y
1 5
1 5
1 5
1 5
1 5
1 5
1 125
1 125
1 125
125
1 12.5
1 125
1 125
1 5
1 s
1 5
1 5
1 6
1 5
1 5
1 5
1 5
1 5
1 5
1 5
| 5
1 5
1 5
1 5
2 12.5
2 12.5
2 125
2 12.5
2 12.5
2 125

(10)

Tou-
HOCTb
Tera
Tpy6Y®
BO]
po3b6M.
MMa

1848
2229
2647
2870
2987
1845
2140
2581
2962
3065
3323
3459
1845
2140
2581
2962
3065
3323
3459
2933
3368
3483
3776
3930
2624
3162
3634

717

803

883

986

(54). (55). (56)

SC

577

768

765

1185
1451
1851
2290
2523
2647
1411
1728
2203
xAl7
2726
3004
3151
1411
1728
2203
X7
2726
3004
3151
2379
2827
2944
3244
3403
2004
2554
3036

3162

622

828

BartTpocc
O6blYyHasn CneuvanbHas
mychta mydTa

HiHio Eucoiho HIO1NO B,, 0BUB*
rpynnel  TPYNTWM - ®ynnu  rpynnbl
npon- npoy-  -roou npou-
*HCTM  HOCTU  HecT  HecTun
1888 - 1789

2277 -~ 1789

2506 1789 -
2506 - 1789

2506 - 1789

2236 2236 2130 2236
2697 2697 2130 2301
2983 3202 2130 2301
2983 3222 2130 2301
2983 3222 2130 2301
2236 2236 2130 2236
2697 2697 2130 2301
2983 3202 2130 2301
2983 3222 2130 2301
2983 3222 2130 2301
2940

3222

3222
3222 - -

CooTtoeTcTteyTolwmii Homep thopMy bl

(60), (61)

MpouHoCTb coeguHeHve. MMa

OTTun OI-"_
C&iu-  Cnegn- OBMu- OHM
Mae anbires HeB enbmasi
MydTa mydrm M>\GTM  «yd T
Hwue Bm«? l—ﬂ\ﬂDE}mgﬂe
npov- rE%‘uT-b - .rpc u
HOCITW M XT VI l'wo
1629 1629
1887 1842
2274 1842 2274 2007
2562 1842 2703 2007
1920 199 -
2236 2193 -
2694 2193 2694 2390
3050 2193 3096 2390
3050 2193 3201 2390
199 1990
2236 2193
2694 2193 2694 2390
3050 2193 3096 2390
3050 2193 3201 2390
2937 2368 2937 2581
X8/ 2Z3B 3376 2581
2937 2368 3490 2581
m 2544
3)58 2544 3158 m
3538 2544 3629 2773
3538 2544 3E 2772
938 938
1049 m
1154 ILL_A-
1356 1177 136 1AL
B U7 Be 1A
1189 1189



MpoponxeHne Tabnuuybl 1.3

Hapyx- Too-

Hb i
N1bCIP
O. mm

CTOM.

MM

139.70 B 98

13070 9.7
1IP0 104
130 120
139.70 6.20
139.70 B.98

139.70 772

IR0 9.7
IP0 1054
10 120
139.70  8.20
139.70 6.98
139,70 7.72
139.70  9.17
139.70 10.54
139.70 6 20
139.70 6.98
139.70 7.72
139.70 9.17
139.70 10.54
139.70 6.98
13970 7.72
139.70 9.7
139.70 1054
1370 1270
1070 698
139.70  7.72
139.70 9.17
139,70 10.54
13070 1270
120 62D
1P 6.0
139.70 772

139.70 9.17

BmyT.
POHWNIA
ana-
metp d
MM

125,74

124.26

j2RC3)

1430
127.30
125.71

124.26

3%

1430
127.30
125.74
124,26
121.38
118.62
127.30
125.74
124,26
121.36
11862
125,74
124.26
121 36
118.62
114.30
154
124.26
121.36

118.62

1430
12730
1B
124,26

121,36

Ipynna
CPOYHO-
ctm

J55
J55

355

K55

aaas s

M65
M65
M65
M65
W65
M6S
M65
M65
M65
M65
FSejeay
L80 90
L80 9Cr

L80 9Ct

FSolegy
18
L80

L80

L80
180
N
N

N80

N80

MNepe-
MeHHas"
1CLyCCT-
eomumin
(«appo3)

an 4
2 125
2 125
2 12.5
2 125
2 125
2 125
2 125
2 125
2 12.5
2 125
2 12.5
2 125
2 125
2 125
2 125
2 125
1 125
1 125
1 125
1 125
1 125
2 12.5
2 125
2 125
2 125
2 125
1 12.5
1 125
1 125
1 125
1 125
2 12.5
2 125
2 125
2 125

MO)

TB«w>-
4YOCTb
Tora

TpyBU
6e3

po3b6U.

Mna

1104

1214

986

1104

1214

1424

1620

1919

1165

1305

1435

1685

1917

1165

1305

1435

1685

1917

1606

1766

2074

2359

2796

1606

1766

2074

2359

2796

1435

1606

1766

2074

|54> (55) (56)

sC

1019

840

985

1119

891

1044

891

1044

1078

1262

FOCT P 54918— 2012

CcoToeTcTeyToLuii HoMep hopMy bl

(60) (61)

MpouHoCTb coeuHeHuns MMa

BatTpocc
O6blyHasn CneuvanbHas
Lc mycta mydTa
HIO*Y*- BbICOKO HWI1*0 Bucokus
rpynnbl - rpynnsl - dynnu - dynnu
npouy- Mpoe- noay- nPoY-
HOCTU MoCTU Hectn  HOCTU
966 1333 1333 1333 1333
1097 1465 1465 1413 1465
1349 - - -
1583 —
1063 1628 1628 1628 1628
1208 1789 1789 1789 1789
1485 -
1742
1124 1522 - 1522
1277 1673 1673
1572 1965 1790
1845 2235 1790
1124 1522 1522
1277 1673 1673
1572 1965 1790
1845 2235 1790
1322
1504 1903 1790
1852 2236 1790
2173 2448 1790 -
1322
1504 1903 1790
1852 2236 1790
2173 2448 1790
1358 -
1546 1984 1984 1885
1903 2331 2331 1885

Orn o
G]/H f_ﬁ#m- O6bIY-  Cneuwn-
mag Hee albHas
wep.na  myvpru m>pm Udrta
Bblcokue JCOKIN
AOynnbI
npov-  npou- npov-  rTpo4-
SO HOOTY — MXI7IU mocTi
1331 1331
1464 1464
1720 1470 1720 161D
1956 1470 1056 160D
1452 1452 -
1626 1626
1788 1788 - -
2100 1862 2100 BT
2380 1862 2389 ALY
1358 1368
1520 1520
1672 1672
1964 1862 1964 1964
2234 1862 2234 2027
1358 1358
1520 1520
1672 1672
1964 1862 1964 1964
2234 1862 2234 2027
1730 1730 .
1902 1862 .
2235 1862 2235 2027
2528 1862 2542 2027
1730 1730
1902 1862
2235 1862 2235 2027
2528 1862 2542 2027
1610 1610
1802 1802
1982 1959
2329 1959 2329 2132

177
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MpoponxeHne Tabnuuybl 1.3

Hapyx-
Hb
avameTp
0. Mv

139.70

110
110
139.70
139,70

139.70

1IP0
130
139.70
139.70
139.70
139.70
139,70
139.70
139.70
139.70
139.70
139.70
120
139.70
139.70

139.70

1P
1IP0
139.70
139.70
139.70
139.70
139.70
139.70
139.70
139.70
139.70

139.70

178

TOO-
VY
cTom-

o 1

MM

10.54

10.54

r0
68
g/
9.17
10.54
12.70
14,27
15,88
17.45
19.05
20.62

22.23

10.54
20
6B
g
9.17
10.54
12.70
14,27
15.88
17.45
19.05
20.62

22,23

118 62

1273
1574
124.26
121.36
118.62
1430
1574
124.26
121.36
118.62
114.30
111.16
107.94
104 80
101.60
96.46
95.26
1574
124.26
121.36
118.62
1430
1574
124.26
121 36
118.62
114.30
111.16
107.94
104.80
101.60
98,46

95,26

N80

N80

=4

80

88

Cc90

Cc90

Cco0

c90

[o3°]]

[o3°]]

Cc90

Cc90

C90

[o3°]]

R9S

R95

R95

R95

R95

795

795

795

795

795

795

795

795

795

795

795

Mepe-
MeHHast'
meTyocT
eenmii
[fedext
(Magpea)
Jr, aH 4
2 125
2 125
1 125
1125
1 125
1 125
1 125
1 s
1 s
1 5
1 5
1 5
1 5
1 5
1 S
1 5
1 6
1 6
1 5
1 125
1 125
1 125
1 125
1 125
15
1 5
1 5
1 5
1 5
1 5
1 6
1 5
1 5
1 6
1 5

<01 (541 (55). (55)

Tery-
YCCTb
Tera
TpyBM

6c1 sSC

MnNa

2359

2796 -

1435 108
BB 122
1766

2074

2359

2796

1806

1986

2333

2654

3144 .
3490

3832

4159 -
4480

4787

5090

2097
2463

2802

2097
2463
2802
3319
3684
4045 -
4390
4729
5053

5372

LC

2234

1546

1903

2234

1391

1583

1949

2288

1530

1740

2142

2514

1462

1662

2047

2402

CooTBeTCTBYIOLMIT HOMep hopMynbl

(60), (61)

MpouHoCTb coeguHeHve. MMNa

BarTpocc
O6blyHasn CneuvanbHas
myTa MycpTa
Bucgimo Hwunuo BUVO.HQ
rpynnbl - TPYNrv  ynnu  rpynnbl
npoy-  Mmpo4-  Mpoy-  mpay-
HOCTM ~ HOCTM  MOCTM  MOCTU
2577 2651 1885
1984 1984 1885 1984
2331 2331 1885 2331
2577 2651 1885 2356
2030 1885
2384 - 1885
2577 - 1885
2212 2071
2599 2071
2956 2071
2134 1979 -
2506 1979
2706 1979

Orn
(I]/ﬁ- CnBum-
nMae albHeA
MydTa  (>pm>
Hoikuc £mrm
rpynnb!
npoy-  Npoy-
HOCTU  KOCTb»
2648 1959
J610 16]0
1982 1959
2329 1959
2648 1959
2028 1959
2382 1959
2659 1959
2012 2012
2212 2155
2925 2155
]SBB 1939
2133 2058
2505 2058
2794 2058

OBbly-  Cneuu-
Has anbHas
M>p™  MydTa
rp/Tw rpynnel
npov-  npoy-
MXynu  MOCTW
2648 2132
2329 2132
2648 2132
2382 2132
2710 2132
2212 2212
2956 2956
2505 2241
2849 2241



MpogonmxeHne Tabnuybl 1.3

Hapyx-

Hb i
avameTp
MM

139. D
139.70
139.70
139.70
r39.70
139 D
139.70
139.70
139.70

139.70
13970
13970
120
%5165
%5(65)
1460
1485
1460
%585
14605
14605
%5705
%5705
%5185
1460
1460
% 565)
%3165
1460
%585
%60
%5(65)

TO00-

cToi-
- 1.

9.17
10.54
12.70
7.72
9.17
10.54
2
aI7
10%
6
70
70
89
950
6 50
7,00
7.70
950
9.50
10.70
6 50
7.00
7.70
950
950
10.70
950

7 00

BkyT-
pcHMMIA
da
uorp A
MM

x4
124.26
121.36
118.62
114.30
125,74
124.26
121.36
118.62

1430
15
213
118,62

A5
ik
1862
1310
1210
100
1010
12710
13310
1210
130.70

129 1O

127 10

>0
1810
1210
100
12010
oro
mo
13310
1210

pynna
NPOYHO-

crmn

P110

P110

P110

P110

P110

o
=
[
)

BEES58588E55 55 B

(&

55

55

o

S5

w

55

550006000

Meps- )
el
aegent
Imagpm)
W ooy 4
1 125
1 125
1 125
1 125

I 125
1 5

1 5

1 5

1 5
15

1 5

1 5

1 5

1 5

1 5

1 5

2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 15
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 126
2 125

(10)

Tou-
HOCTb
tona
TP,«K
Bel

DDwOu.

Mna

2205

2428

2852

3244

3839

2205

2 428

2 852

3 244

3839

3 686

2758

3240

3685

786

844

924

(54) (5

sC

1680

1680

RS

o4

5) (56)

LC

1979

2437

2860

1979

2437

2860

2137

2631

3088

2137

2631

3088

FOCT P 54918—2012

CooToorcrayToLmii Homep thopMy bl

(60), (61)
MpouHoCcTL coeanHeHuii MMMa
Banpecc O
OCbMHaa CneupansHas Qo Creuw-
e e VB it
Bbicoko Hio<uo Buicokne FUMEY spcokge
Fpynnbl  rpynny pynnbl  rpynnbl  rp/T.unbl

npoy-  MpoY-  rpay-  rpay-  fpoy-  ITPOY
HOCTU HOCTM  mecT  mectv  MXITIU  mooTTbI
2295 2295

2526 2526 2356 2526 2525 2451
2967 2967 2356 2544 2966 2451
3221 3375 2356 2544 3327 2451
- 2295 2295
2526 2526 2356 2526 2525 2451
2967 2967 2356 2544 2966 2451
3221 3375 2356 2544 3327 2481
2755 M

3237 m

3479 3593 2647
2hs XA

3237 m

33 s sz 204
1023 m

108 108

2y 1p

BO 1283

s 123

m 1299 m ]@ ]@ 1299
]$3 1393 m IB BS m
155 1525 1585 158 185 s
64 16/ 158 164 164  1sse
18 1By 158 187 ks 15/
ZJB ZI|.4 B :I% 2073 389
58 58 158 158 B8 153
168 188 168 168 188 188
18D 50 18D 18D 18D 189
D0 204 199 190 DD 04
24 261 190 190 2% A
27 37 190 199 B8 A4
3 133 s 183
1592 M m m

arr

Hee
mydnta

CnoHa-
anunyas
n/edra

Kuakne BbiCOKVEe

ok ok
PO~
MXTHN

2966

3373

2966

3373

3681

3237

1674

1857

rpynnbl
rTpoy-
MoOTY

2668

3668

2668
3668

2881

2881

2881

2881

1319

1382

1674
1726

1726

179
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MpogomxeHne Tabnuybl 1.3

T00-
LLKM

CToOM-

Hapy)K-
HbWA
IM.LICIP

O. mm
MM

6B 69

1460 100
1460 650

1465 70
46 8%
46 9
1460 100
460 70

B 8%
1460 93D

4%6® 70
“%6® 70
146® 8%
1460 990
1460k 100
160 650
6®m 7@

46® 8%
4%6® 99
14606 100
140® 69
1460 70

6B 8%
6B 93D

14656 70

180

BHyT.
eennii Tpynna
ana- CpOYHO-

aul. Metp a cm

MM

100
1910
12710
mo
18310
1210
100
1010
12710
0
1210 BT
100 DO
1010 1T
12710 10T
200 10T
1210
100
10910
12710
>0
1310
1210
100
1910
12710
0
13310
1210
100
12910
12710
0
1210
100
10910

EEEEEERERE

BBEEEEB8E8888888BEBEE

Mepe-
MeHHas"
UCTycCT-
aCHUHIA

fecekt
O-agpes)

a, u
5
25
25
25
25
5
5
25
5
25
5
5
25
25
25
5
125
25
5
25
5
5
125
s
5
5
5
5

PRPPRPRRPRRPRRPRPRPNNNNMNNMNNRPRRPRPERPNNNNNRRRRRRNMNNMNNDNDR

<10)

Tow>-
4ocTb
Tara
TP)«bl
®@j
PO3b0Obl.
MMa

(541, (55

sC

) (56)

LC

CooTtoeTcTteyTolwmii Homep thopMy bl

(60), (61)

MpouHoCTb coefuHeHve. MMNa

BarTpocc

O6bIuHasn
mydra

CneuvanbHas
myTa

Ormn

C6MY-
mag

Cneuwn-
anbites

arr

OCmu-
Haa

mythta MNWNM

Cneyu-
anbHas
mydTa

Hasaw Eucoiho HAMO BKomgo Hoivug Bbicokve M/3kne Bbicokve
AOynnbl  3p/Thribl

rpynnbl - rpynnbl - dynnu  Mpynmbl

npou-
HoOCTW

17
912
22
2368
1483
1592
1742
1912
2121
2388
1813
1984

npou-
HOCTKN

1888
2086
2268
2516

2809

1888
2066
2268

2516

-TO0M.
HecTn

17

npay-
Hectn

1889

2067

2269

2517

2565

npov-
AOCITIU

17

<?pOH.

HocCITw

17
9r
A4
A4
%23
Bp
1
1S 172
A4
A4
183
jie:7)
A4
A4
A4
183
jie:7)
4
A4
A4

O~

«XTNn

9
221
2338

2268

2516

rpynnei

rpouy-
HOC To

1912
A2

2186

2178
2)86

2)86

28

2269

2269
2300

2300

2300



MpogomxeHne Tabnuybl 1.3

Hapy)K-
Hb
AvameTp

MMV

1460®
1460
1460
1460
1460
1460
i%563)

TO0O-
VY
cToM-

Kv L

MM

9.50

10.70

20
uzr

74
9%

1466 D2
46 22

1460
1460

4B
1460

1466
6B
1460
16
%5185
%5185
1460
1460
1460

7@
70
680
99
100
7
70
69
950
100
20
uz
158
17.45

>9.05

1466 D&
6 22

1460®
1460
%5785
1460
1460
1460
1466
758
1460

7@
7.70

B.50

BmyT-
pounnii
ana-
metp d
MM

1o
0

pynne
CPOYHO-
ctm

Cc90
Cc90
Cc90
Cc90
Cc90
c90
Cc90
c90
c90
A95
A95
A95
R95
A95
ros

ros

795
795
795
795
795
795

795

MNepe-
MeHHast'
UCKyCOoT

BesHUi
petekT
(mappBa)

o
=3

PR PRPRRPRRPRRPRRPRRRPRRPRRPRRPRRPRRPRRPRREPRPRRPRRERRPEPRPRRPRRPRREPRPRPRPRRELR

+ o am *

125

125

125

125

(o>

Teky-
YyecTb
lere
Tp>«M
6C1

poa’iu,

MnNa

|54> (55) (56)

sC LC

2130

FOCT P 54918—2012

CootaoTcTe,Towuii Homep hopmynbl

(60) (61)

MpouHocTb coeuHeHns MMa

BatTpocc
OCbMHan CneyuansHas
mydTa M>Ta

Hul»nw» BuCQIMO HuaBwm6 Bu-:0.ma
rpynnbl - rpynru  dynnel  rpynnbl

npouy-
HOCTK

2577

277

npoy-
HOCTU

HPOY-
MOCTH

2050

2050

2109

2255

2255

2255

2255

2034

2154

npoy-
MOCTH

Ormn

Gom

Cneuwn-
anbHas

O6bl4-  Cneuu-
Has anbHas

v>rita mydyraa meh.Ta>  MydTa
HIB'VIE;M L2

P/TNA rpynne
woorn OO
2577 2118
2877 2118
2100 2100
238 238
B3 D
210 2330
3B 2330
I 3
26 226
23 26
2 25
7 26
1 B4
2 3
IAB
I
0 B4
2 X3
AB A

R Dewrowc

iFau

npov-
Mxmu

2577

2877

2533

2810

3138

2891

3208

3581

2891

3208

rpynnbl

nioq-
230
230

2530
2530

2530

24(7

2417
207

181
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HapyX-
HbliA
N1bCIP
O. mm

146.05
146.05
146.05
146.05
146.05
146 05
146.05
168.28
166.28
168.26
168.28
168,28
168.28
188,28
168.28
168.28
168,28
168.28
168,28
168.28
168.28
168,28
168.28
168,28
168,28
168.28
168,28
168.28
168,28
168,28
168.28
168.28
168.28
168,28

168,28

182

T00-
LLKM
CTOM-

avl.

MM

10.70
8 50
9.50
10.70
8.50
9.50
10.70
7.32
8.00
B 94
10.59
7,32
8.00
8.94
10.59
12.06
7,32
8.00
8 94
10.59
12.06
732
8 00
8.94
10,59
12.06
7.32
8 00
8.94
10,59
12,06
732
8.00
8HA

10,59

BHyT.
paHHuiA
ana-
veTp <.
MM

124 70
129.10
127.10
124,70
129.10
127 10
124.70
153,64
152 28
150 40
147.10
153.64
152.28
150.40
147.10
144,16
153,64
152.28
150.40
147.10
144,16
153,64
152,28
150,40
147,10
144 16
153.64
152.28
150,40
147.10
144 16
153.64
152 28
150.40

147.10

ppna
rpeLuHo-
ctm

P110
0125
0125
0125
0135
0135
0135

H40
«40
«40
«40
J55
J55
J55
J55

J5S

K5S
K55
KSS
KS5
M65
«65
M65
M65
«65
M65
«65
M65
M65
«65
i.8090
L80 90
L80 90

L80 90

MNepe-
MeHHas"
MCiyCCT-
OOMMLH
fAethekt
(magpo3)
1, oy a
1 5
1 5
1 5
1 5
1 5
1 5
1 5
2 125
2 125
2 125
2 12.5
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
1 125
1 125
1 125
1 125
1 125
2 125
2 125
2 125
2 125

Mo1

Tew>.
MECD.
Tora
Tpy6Y®
dei

po3b6U.

Mna

3448

3166

3512

3921

3415

3790

4231

1020

1111

1235

1447

1403

1526

1697

1987

2242

1403

1526

1697

1987

2242

1658

1804

2006

2351

2650

1658

1804

2006

2351

2650

2042

2222

2468

2894

(54) (55). (56)

sSC

819

916

1049

1278

1088

1217

1395

1187

1327

1522

1268

1418

1268
1418

LC

3054

2523

2879

3298

2710

3092

3547

889

995

1139

1388

1181

1320

1514

1842

2130

1291

1443

1656

2014

2329

1376

1538

1764

2149

2481

1376

1538

1764

2149

2481

1640

1835

2103

2562

CoorteeTcteyTolmii Homep thopMy bl

(601, (611

MpouHocTb coeuHeHuns MMa

BarTpocc
OCb/44aH CneuvnanbHas
mycta m>hra

HioHo Eucoiho HKO1MO B,, obus™

rpynnb
MPO4

HOCT/
3581

3157

3502

3910

1308

1423

1581

1853

1665

1812

2014

2359

2662

2016

2194

2439

2857

3223

1904

2072

2303

2701

3044

1904

2072

2303

2701

3044

2175

2367

2631

3085

rpynnbi
npou-
HOCTU

3581

1665
1812
2014
2359
2662
2016
2194
2439
2857

3223

dynnu
-TPOH.
HecTu

2565
2770
2770

2770

1308
1386
1388
1388
1665
1734
1735
1734
1734
2016
2194
2198
2197
2197
1904
2072
2198
2198
2198
1904
2072
2198
2198
2198
2175
2197
2198

2198

rpynmibl
npay-
HecTn

2770

1665

1812

2014

2197

2197

2016

2194

2198

2197

2197

OTTun

C6bn- CnBum-

anbiTas

wMychuru
l‘melcome
P/l AOyAMLI
npov- <PpOH.
>QCHMLL HOCITW
3581 2650
3157 2862
3502 2862
3910 2862
3394 3074
3766 3074
4204 3074
1308 1308
1423 1423
1581 1441
1853 1441
1665 1665
18)2 1800
2013 1800
2359 1800
2662 1600
2016 2016
2194 2194
2437 2280
2857 2280
3223 2280
1904 1904
2072 2072
2302 2280
2698 2280
3044 2280
1904 1904
2072 2072
2302 2280
2698 2280
3044 2280
2175 2175
2367 2280
2630 2280
3083 2280

o
OBmy-  Cneuu-
mwa anbHasa
mypta MydTa
Bbicokvie
I cpou.
MXTU  HOCTO
3581 2877
3157 3108
3502 3108
3910 3108
3394 3338
3766 3338
4204 3338
1581 1567
1853 1867
2013 1957
2359 1957
2662 1957
2437 2437
2857 2480
3223 2480
2302 2302
2698 2480
3044 2480
2302 2302
2698 2480
3044 2480
2630 2480
3083 2480



MpogomxeHne Tabnuybl 1.3

168,28

168.28

168.28

168,28

168,28

168,28

168.28

168.28

168,28

168,28

168,28

168.28

168.28

168,28

168,28

168,28

168,28

168,28

168,28

168.28

168.28

168.28

168.28

168.28

168.28

168.28

168.28

168.28

168,28

168,28

168,28

168,28

168,28

168,28

168.28

T

12,06

10.59

12,06

8.00

10,59
12,06
7.32

8.00

10,59

12,06

10,59
12,06

12.70
14.27
15,88
17,45
19.05
20,62
22.22
732

8 00

10,59

12,06

10.59
12,06

12,70

BT,
poami

METPa.

144 16
153.64
152.28
150,40
147,10
144,16
153.64
152.28
150,40
147,10
144,16
153.64
152.28
150.40
147,10
144,16
150,40
147,10
144,16
142.90
139.76
136.54
133 40
130.20
127.06
123.86
153.64
152.28
150.40
147.10
144,16
150,40
147,10
144,16

142 90

L80 9Cr

L80

L80

N80

N80

N80

N80

N80

N80

N80

c90

A 95

R95

R95

R95

R95

125
125

12,6

125

125

12.5

12.5

12.5

12.5

Y

a o

@

MO01

3266

2042

2222

2468

2894

3266

2042

2222

2468

2894

3266

2042

2222

2468

2894

3266

2777

3256

3674

3853

4285

4719

5132

5543

5937

6328

2423

2637

2930

3435

3875

2931

3437

3878

4064

(54) (55) (56)

1538

1720

1970

1538

1720

1970

2964

1640

1835

2103

2562

2964

1668

1865

2138

2605

3013

1668

1865

2138

2605

3013

2311

2817

3258

1931

2160

2474

3014

3486

2427

2958

3421

FOCT P 54918—2012

GoOTeOTCTEYTOLLAY HOVED (oPMYTb |
(60) (611
MposHoCTs coefyHervst MR
Barrpoc
QQavHan QrewyansHast

Mmydra

rpynnbi

Moo+
HOCT

3481
2175
2367
2631
3085
3481
2262
2461
2737
3209
3621
2262
2461
2737
3209
3621
2814
3299

3723

2532
2756
3062
3589
4049
2959
3469

3914

HOCTU

2262

2461

2737

3209

3621

2262

2461

2737

3209

3621

TR

HA*4 Bsoovo MHG'\D Btova Homsoo
YTl v mymbl jp/nur
mo+ VR4 TRO4  mpo+

MIOU

2198
2175
2197
2198
2198
2198
2262
2311
2314
2314
2314
2262
2311
2314
2314
2314
2314
2314

2314

2532
2542
2542
2542
2542
2429
2429

2429

HOn

2262
2461
2737
2892

2892

OTTun

0O0unu-
nea

e

HOCTU

3478
2175
2367
2630
3083
3478
2262
2461
2735
3206
3617
2262
2461
2735
3206
3617
2812
3296

3716

2532
2756
3062
3589
4049
2957
3467

3911

Creupr

abHaA

MATED

orTr

O6blu-

HeA
nydra

Creupr

aHeA

mydra

EMIKO HXWQ BEUQC

YITh|
rpo+
HQQLTO
2280
2175
2280
2280
2260
2280
2262
2398
2396
2398
2396
2262
2398
2398
2396
2396
2398
2398

2396

2532
2639
2639
2639
2639
2520
2520

2520

ipf-onu
npov
MXTN

3476

2630
3083

3478

2735
3206

3617

2735
3206
3617
2812
3296

3716

3062
3589
4049
2957
3467

3911

T
POt
HOCAO

2480

2480
2480

2480

2608
2608

2608

2608
2608
2608
2608
2608

2608

2870
2870
2870
2741
2741

2741

183
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TOO-
Hapyx- LM

Holl
cToM-

ﬂyllﬁbm L
MM av 1.

MM

8B 14
1828 L8
1828 1746
1828 19.05
1828 0@
1828 22
1828 8@®
<6828 894
<6828 10,59
<6828 12,06
8238 8M
<8828 8.94
<68,28 10,59
<68,28 12,06
188 s.04
1828 1059
<68,28 12,06
18BB s s
1828 1059
1828 1206
<77,80 587
177,80 691
1778) 605
178D 9.9
1778) 1036
1778 1150
17780 1265
1778) s 87
177,80 691
177,80 805
177,80 9.19
1778) 1036
17780 1151
1778) 1265
1778) 587

184

BHyT-
paHHuiA
ana-
meTp

MM

139 ©
136.54
1R30
100
127G
1238
i522:]
150.40
<47,10
<4416
jiso:]
150,40
147.10
144,16
150 40
147.10
<44.16

150.40
4710
w16
166,06

163.98

1610

15/
7]
5%:9)
16®G
163.98
161,70
159.42
157.08
7]
129
18636

ppna
CPOYHO-
ctm

ros
ros
ros
ros
ros

ros

P110
P110

P110

P110
P110

P110

0125
0125
0135
0135
0135
H40
H40
«40
«40
«40
«40
«40
J55

Mepe-
MeHHast'
ncrtyecr-
eoMUHN
fAethekt
(manpos)
an 4
1 5
1 5
1 s
1 s
1 s
1 s
1 125
1 125
1 125
1 125
1 5
1 5
1 5
1 5
1 5
1 5
1 6
r 5
1 5
5
2 125
2 125
2 12.5
2 125
2 12.5
2 125
2 12.5
2 12.5
2 125
2 125
2 125
2 125
2 12.5
2 125
2 125

(10)

Tem-
HOCTb
Tera

TpyBU
6e3
po3b6U.
Mna

4520

3052
3394
3979
4490
3052
3394
3979
4490
3856
4520
5102
4160
4877
5502
874
1023
1184
1343
1503
1659
1811
1201
1406
1628
1847
2064
2278
2486

1201

(54) (55). (56)

sC

542

781

949

1115

722

1040

1264

1486

LC

2851
3475

4019

2851
3475
4019

3119

4398

3351

1228

1413

1391

1634

186

CooTeeTcTeyToLmin Homep hopmMynbl

(60), (61)

MpouHocTb coeuHeHns MMa

BarTpocc
O6bl4Has CneuvanbHas
mycta m>hra

HioHto EucaiHO HIOIMO Bebicokvie

rpynnb!
MPO4
HOCT

3147
3498
4101
4628
3147
3498
4101
4628
3825
4484
5061

4113

5439

1506
1708
1912
2110

2303

1659
1922
2180
2437
2689

2935

rpynrv dynnu

npou-
HOCTKN

3147

3498

4101

4628

3147

3498

4101

4628

1659

1922

2180

oo
HecTu

2891
2892
2892
2892
2891
2892
2892

2892

1497
Wor

1497

1659
1872

1872

rpynmibl
npay-
HecTn

3123

3123

3123

3123

3123

3123

3123

3123

1659

1922

2180

Orn
C<5bn- Cneuu-
«ap nnbiTas
M>THUT«

HMD B.ave

it

/A

npov-
>ocmu

3147
3496
4099
4624
3147
3496
4099
4624
3825
4484
5058

4113

5439

1302
1506

1708

1659
1920
2177

2437

HOCITW

3001
3001
3001
3001
3001
3001
3001

3001

3241

3481

1302
1506
1545
1545

1545

1659
1920

1930

1B

o
O6bl4-  Cneuu-
Hee  anbHas
M>th,7M  n/ycpTn
PIbI
rpoy-
mxtn HIO
3147 3147
3496 3263
4099 3263
4624 3263
3147 3147
3496 3263
4099 3263
4624 3263
% 3525
482 BD
5058 3525
4113 3786
@. 3786
ME 3786
1708 1679
1912 1679
2177 2096
2197 2096
D 2096
b A6
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CcoToeTCT&yTOLMIA HoMep thopMy bl

1<0>  <54|, (55), <5 (60) (61)
Neps- Mpo4HoCTb coeamHeHns. MMa
Hapyx- T00- BMyT'., menuna’ Te«>- BatTpocc OI-IM OT"_
B we chome s O Q@M crewn Osw  Crow-
'qvclilb'::vllp Kv 1. MeTp a. ctn Tona Of:‘;’;ﬂ:ﬂ Cne:”;;f;;Haﬂ Mna nnm.no mwa anbHas
: MM MM (Manpos) TpB):)?VI SC LC 4 4 mydpurn - M>h,7M Mv[bTa
po3L6U. HIO***- Bbicoko Hull*o Buaxua BbicCOKME Hone.* ICOKWI
MMa rpynnsl - rpynr-n dynnu  dynnu AOynnbI
an U npo4- npouy- Tpau- TPOY- npov- npou- npo-v- cyx>y-
HoCTU HOCTU  HecTu HECTU  >OCTIl  HoaTi Ma7U  HoCTO
177.80 B 91 163,98 K55 2 125 1406 1132 2003 2003 2003 2003 2003 2003
177,80 8.05 161.70 K55 2 12.5 1628 1376 1518 2320 2320 2320 2320 2318 2318
177,80 9.19 1S9.42 KSS 2 125 1847 1617 1783 2631 2 631 2372 2372 2628 2445 2628 2628
]778) 10.36 157.08 K55 2 125 2064 2047 2942 2942 2369 2369 2942 2445 2942 2656
]778) 1151 ]EAB @ 2 125 2278 2306 3246 % 3246 ZE % 2445 % 2656
]77& 12.65 1&8) I@ 2 12.5 2486 2560 3544 3544 544 Zm 3544 2445 3455 2656
177.80 B.91 163.98 M65 2 125 1662 1212 - -
177,80 8.05 161.70 M65 2 125 1924 - 1621 2199 - 2199 2197 2197
177,80 9.19 159,42 M65 2 125 2183 1904 2494 2372 2491 2445
177.80 10.36 157,08 M65 2 125 2443 2190 2791 2372 2789 2445 2789 2656
177.80 1151 154.78 M65 2 125 2694 2465 3078 2372 3077 2445 3077 2565
177,80 6.91 163,98 M65 1 125 1662 1212 -
177,80 8.05 161.70 M65 1 125 1924 - 1621 2199 - 2199 2197 2197
177,80 9.19 159.42 M65 1 125 2183 1904 2494 2372 2491 2445
177,80 10.36 157.08 M65 1 125 2443 2190 2791 2372 2789 2445 2789 2656
177.80 1151 154.78 M65 1 125 2694 - 2465 3078 - 2372 3077 2445 3077 2565
177,80 8.05 161,70 L80 9Cr 2 125 2368 1934 2515 2372 2513 2445 -
177.80 9.19 159.42 18090 2 125 2686 2272 2852 - 2372 2850 2445 2850 2565
177,80 10.36 157.08 L80 9Cr 2 125 3006 2613 3192 2372 3191 2445 3191 2565
177,80 1151 154.78 L8090 2 12.5 3315 2941 3520 2372 3520 2445 3520 2565
177,80 12.65 152.50 L80 9Cr 2 125 3620 3266 3704 2372 3788 2445 3843 2565
177,80 13.72 150.36 L80 9Cr 2 125 3900 3563 3704 2372 3788 2445 3999 2565
1778) 15.00 1478) Lg)Q 0 2 12.5 QB 3914 3700 m 3788 2445 3999 2565
177.80 8.05 161.70 L80 1 125 2368 1934 2515 2372 2513 2445
177,80 9.19 159.42 L80 1 125 2686 2272 2852 - 2372 - 2850 2445 2850 2565
177.80 10.36 157.08 L80 1 125 3006 2613 3192 - 2372 3191 2445 3191 2565
177,80 1151 154.78 L80 1 125 3315 2941 3520 2372 3520 2445 3520 2565
177,80 12.65 152.50 L80 1 125 3620 - 3266 3704 R 2372 3788 2445 3843 2565
177,80 13.72 150.36 L80 1 125 3900 3563 3704 2372 3788 2445 3999 2565
1778 1500 M7 D 1 125 2B 3914 3700 23D 3788 2445 3999 2565
1778) ss7 16606 N 2 125 17D 13
1778) 6 91 1&% I\BJ 2 125 M 14D ]&5 2257 2257 E 2257 2257
177.80 8,05 t61.70 N80 2 125 2368 1786 1965 2614 2614 2496 2611 2572
177,80 9.19 159.42 N80 2 125 2686 2098 2309 2965 2965 2496 2981 2572 2961 2794
177.80 10.36 157.08 N80 2 125 3006 2656 3319 3319 2496 3315 2572 3315 2794
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Hapy)K-
HbWA
DAANVSTTp
0. Mv

177.80
177.80
177.80
177.80
177.80
177,80
177.80
177.80
177.80
177.80
177.80
177.80
177.80
177,80
177.80
177.80
177.80
177.80
177.80
177.80
177.80
177,80

177,80

177.80
177.80
177.80
177.80
177.80

177.80

186

T00-
LLKM
CTOM-

avl.

MM

1151
12.65

13.72

8.06
9.19
10.36
11.61
12.65

13.72

9.19
10.36
1151
12.65
13.72
15.88
17.45
19.05
20.62
22.22

8.05

10.36
1151
12.65
13.72

1BM®

8.05

10.36
1151
12.65

13.72

BHyT.
paHHuiA

154.78
152.50
150.36
166.06
163.98
161.70
159.42
157.08
154.78
152.50
150.36
161.70
159.42
157.08
154.78
152.50
150.36
146.04
142.90
139.70
136 56
133,36
161.70
159.42
157.08
154.78
152.50
150.36
47BD
161.70
159.42
157.08
154.78
152.50

150.36

Ipynna
CPOYHO-

cmm

N80

z Z
® o
§§OO

N80

N80

N80

N80

N80

N80

Cco0

co0

[o3°]]

[o3°]]

C90

C90

C90

C90

Cc90

Cc90

A95

A95

A95

95

95

T95

T95

T95

T95

T95

Mepe-
MeHHas"
MCiyCCT-
oosnum
[Llecpext
(magpo3)
ey g
2 125
2 125
2 125
1 125
r 125
1 125
1 125
1 125
1 125
1 125
1 125
1 5
1 5
1 5
1 5
1 5
1 5
1 5
1 5
1 5
1 5
1 5
1 125
1 125
1 125
1 125
1 125
1 125
1 s
1 5
1 5
1 5
1 5
1 5
1 5

(10)

Tew-
4yecTb
tone

TpyBun
[CeY)

po>»6u.

Mna

3315

3620

3900

7749

2047

2368

2686

3006

3315

3620

3900

2665

3022

3382

3730

4072

4387

5011

5454

5895

6319

6740

2813

3190

3570

3937

4298

4631

5022

2813

3190

3570

3937

4298

4631

(54) 15S).(5fi)

sC

7023

7470

1786

2098

LC

2990

3319

3622

7675

1965

2309

2656

2990

3319

3622

2132

2505

2881

3243

3600

3928

2275

2672

3074

3463

3843

4195

4609

2247

2640

3036

3418

3794

4140

CooTtoeTcTteyTolwmii Homep thopMy bl

160), (61)

MpouHoCTb coeuHeHns MMa

BarTpocc
OCbMyasn CneuvanbHas
mycta mydTa
HuzaM* Eucoiho HWIlvo B,, 06s*™*
rpynnbl - rpynnbl - dynnu  rpynnbl
npou- npoy-  -TOOM. npay-
HOCTK HOCTK Hectn Hectn
3660 3660 2496
3899 3995 2496
3899 4305 2496 -
2257 - E
2614 2614 2496 2614
2965 2965 2496 2965
3319 3319 2496 3121
3660 3660 2496 3121
3899 3995 2496 3121
3899 4305 2496 3121
2692 - 2496
3054 2496
3418 2496
3769 2496
3899 - 2496
3899 2496
2827 2741
3319 2741
3716 2741 -
4100 2741
4282 2741
4282 2741
L2 2l
2831 2621
3211 2621
3593 2621
3963 2621
4093 2621
4093 2621

o7

Cseu- Cneuwu-

Has anbHas
mydta  mydra
H0.1Kb0 Bbicokue
spfonu  rpynnbl
npov-  npou-
fOCLLM  VIOOTT67
3658 2572
3984 2572
3984 2572
E 2257
2611 2572
2961 2572
3315 2572
3658 2572
3984 2572
3984 2572
2689 2572
3050 2572
3414 2572
3767 2572
3984 2572
3984 2572
2827 2827
3319 2829
3716 2829
4100 2829
4383 2829
4383 2829
4362 2829
2829 2702
3208 2702
3591 2702
3962 2702
4187 2702
4187 2702

o
OBmy-  Cneuu-
Hest anbHas
M>p7M  Mydra
Hﬂ:ﬂ: BbICOKVE
rpynnbl
npoy-
mxTtu  HoClO
3658 2794
3992 2794
4206 2794
2961 2794
3315 2794
3658 2794
3992 2794
4206 2794
2689 2794
3050 2794
3414 2794
3767 2794
4112 2794
4206 2794
3319 3073
3716 3073
4100 3073
4475 3073
4627 3073
4627 3073
3591 2936
3962 2936
4325 2936
4420 2936
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CcotoeTcTaymMLuii Homep thopmy bl

(0> (54) (55) (56) (60) (61)
Mepe- MpouHoCTb coeguHeHve. MMNa
Hapyx- o% BT, mewna’ BarTpooc Ol orr
HbIA LquM DZ:ZV,M Tpynna veryect HacTb AOM  creuu- Oifbiu- Cneuu-
'E%HNCTP c';;u;.- s a Cpg:MHo» :szzl Tano Ofnb::‘:ﬂ Cne:w;f:;Haﬂ e n—ﬁ e aoHast
MMM mm (anpoy) X2 scLe Y 4 mydpra  Mydra MydpT™M  Wdra
po3L6U. HIONY? BbICOKO HWIlHO Bbicokne HtUKUO Bbicokvie H.llCOBblcoKme
MMa rpynnbl - rpynru  dynnu  dynnu | |
|¢ a, u npoy- npoy- TPOY- TPOY- npov- Y- npo-v- rpom-
HoCTU HOCTM  mocTM  MOCTM  nocum  MOOTUY  MXI71U  mocte/
177.80 1588 14604  T95 1 5 5289
177,80 17.45 142.90  T95 1 5 5757 - - - -
177,80 19.05 139.70  T95 1 5 6223 - - ~ -
177,80 20,62 136,56  T95 1 6 6670 -
177.80 2222 13336 195 1 5 7115 - -
177,80 9.19 159.42 P110 1 125 3694 3082 3795 3795 3121 3370 3791 3217 3791 3495
177.80 10.36 157,08  P110 1 125 4134 3545 4247 4247 3121 3370 4244 3217 4244 3495
177,80 1161 154,78 P110 1 125 4559 - 3990 4684 4684 3121 3370 4683 3217 4683 3495
177,80 1265 15250 P110 1 125 4977 4430 4873 5113 3121 3370 4985 U/ 5111 3495
177,80 1372 150,36  P110 1 125 5362 4834 4873 5283 3121 3370 4985 3217 5262 3495
1770 15 4780 PO 1 125 5072 5200 4870 5259 3117 3367 4D A7 s262 3495
177,80 9.19 15942  P110 1 s 3694 3082 3795 3795 3121 3370 3791 3217 3791 3495
177,80 10,36 157,08  P110 1 5 4134 . 3545 4247 4247 3121 3370 4244 A7 4244 3405
177,80 1151 154.78  P110 1 5 4559 3990 4684 4684 3121 3370 4683 3217 4683 3495
177,80 1265 152,50 P110 1 6 4977 4430 4873 5113 3121 3370 4985 A/ 5111 3495
177.80 13.72 15036 P110 1 5 5362 - 4834 4873 5263 3121 3370 4985 3217 5262 3495
1770 150 M7 PO > 5  s972 5200 4870 5259 3117 3367 4985 27 5262 3495
77 ¢ O 1L 0I5 r 5 4> 3445 4550 . 3367 4150 3475
1770 105 15/ 2SS > 5 4695 36, 4646 3367 B 3475 4646 3775
177 N8l 55478 0B 1 5 s8> 4464 5>26 3367 BI6 3475 s5s26 3775
177,80 1265 15250 0125 1 s 5656 4918 5263 3367 5384 3475 5596 3775
177,80 1372 150.36 0125 1 s 6093 5367 5263 3367 5384 3475 5683 3775
177 o950 1B 0B 1 s  as2s 3712 4463 3656 M3 3B M3 055
1770 s036 15/B 0135 1 s  so0es L0 2996 Fl6 206 373B 996 4055
1778) s>51 140 0135 1 s 5580 A0 ss-3 . 6 . HI3 3B ss-3 4055
1778) >265 129 o135 1 s @Al 538 se49 . X6 5783 3/ 6017 4055
1780 32 10D 1B 1 s DA 7 s640 X6 5783 3/ 6105 4055
1778 M@ 4780 AAFHB 1 s 713 . 6137 sea0 . 41(6) 5783 3/ 6105 4055
19368 7.62 178.44  H40 2 125 1228 941 1545
s0368 833 1P HO 2 25 338 . >682 (392 se82 18P
s0368 952 1A a0 2 125 550 . 1910 1910 1910 1910
s93.68 092 17184 a0 2 125 17D 2174 B 2174 2118
>93.68 >270 BB o0 2 125 19 N A5 1 2118
>9368 762 1BM JFb 2 125 187 252 1973 973 193 1983 1983 1983 .
19368 833 177,02  J55 2 125 1839 1402 1539 2150 2150 2150 2150 2148 2148

187



FOCT P 54918— 2012

MpogomxeHne Tabnuybl 1.3

CooTaeTcTeyToLmin Homep hopmynbi

(0>  (54) |55). (56) (60), (61)
Mepe- MpouHoCcTb coeguHeHns MMa
Hapyw- 100 BRyT. meHHas' o BarTpoce Ol orr
t‘bﬁ :;lxNMla p::’;‘i'“ gggﬂf; M:;;act; blecte C<5bn-  Cneun- OCblM-  Cneuu-
AAMNCTD 1. meTp < cm LIOKT Tora OCunian Crewwanshee Mh  amHas  Hes  anbHas
oM i (Magpo3) T%‘g"‘ sc  LC Mydra myda MypTa My mydra m,GTa
PO3K6U. HION* Eucoiho HIOWO B,. NITJIC B.ane HMMV B.awe
MMa rpynnbl - rpyAry  coynnu  rpynnbl %lyll rpynnsl  rp/T.Ww  rpynnbi
I . MpOe- npoy-  TOOM npay- npe-  npoy- JpO4™  npou.
H 4 *0CTW HOCTH HecTn Hectn noctn HOCTKN «XTN MocTn
% 9.52 r7a & \]$ 2 ]25 m 1806 2440 2440 24@ 244) 244) 24@ 2440 2440
BB 10X M8 BS 2 1256 BS - 207 207 2077 B0 2777 2177 X6 2777 2777
1BB 20 BB 55 2 125 273 A0 3108 3B ) 3IAB 3IAB HBH 3AB BY
IRB 7€ 1BM «ss 2 125 1687 1350 2370 B0 B0 B0 B0 230
193,68 8.33 177.02 K5S 2 125 1839 1521 1675 2583 2583 2583 2583 2581 2581
1938 9.52 ]74& K55 2 125 2086 1964 2931 ZB]. m m. m. m m. m
IBB 1092 IAZ kss 2 125 2275 2303 3336 B3P AP TP TH BB BH BB
1BB 20 1688 KS 2 125 Z7d - 273l 382 BR D 3D B 3B BR AL
193.68 8.33 177.02 M65 2 125 2174 1635 1795 2463 2463 2461 2461 2461 2461
193.68 9.52 174 64 M65 2 125 2469 2109 2797 2797 2794 2794 2794 2794
193,68 10.92 171.84 M65 2 125 2810 2472 3184 3184 3181 3181 3181 3181
193.68 8.33 177.02 M65 1 1255 2174 1635 1795 2463 = 2463 2461 2461 2461 2461
193.68 9.52 174.64 M65 1 125 2469 - 2109 2797 - 2797 2794 2794 2794 2794
193,68 10.92 171,84 M65 1 125 2810 2472 3184 3184 3181 3161 3181 3181
193.68 8.33 177.02 L80 9Cr 2 125 2676 2144 2823 2823 2822 2822
193.68 9.52 174.64 180 9Cr 2 125 3039 - 2520 3207 - 3207 3204 3204 3204 3204
193.68 10.92 171.84 L809Cr 2 125 3459 2953 3649 3268 3648 3351 3648 3581
193.68 12.70 168.28 L8090 2 125 3983 3495 4202 - 3268 4201 3351 4201 3581
193.68 14,27 165.14 L80 9Cr 2 125 4437 3965 4682 3268 4679 3351 4679 3581
193.68 15.11 163.46 L80 9Cr 2 125 4676 4212 4934 3268 4931 3351 4931 3581
193.68 15.88 161.92 L80 9Cr 2 125 4891 4434 5160 3268 5160 3351 5160 3581
193,68 8,33 177.02 L80 1 125 2676 2144 2823 2823 2822 2822 -
193.68 9.52 174.64 L80 1 125 3039 2520 3207 3207 3204 3204 3204 3204
193.68 10.92 171.84 L80 1 125 3459 2953 3649 3268 3648 3351 3648 3581
193.68 12.70 168,28 L80 1 125 3983 3495 4202 - 3268 - 4201 3351 4201 3581
193.68 14.27 165,14 L80 1 125 4437 3965 4682 - 3268 4679 3351 4679 3581
193.68 15 11 163.46 L80 1 125 4676 4212 4934 3268 4931 3351 4931 3581
193.68 15.88 161,92 L80 1 125 4891 - 4434 5160 - 3268 5160 3351 5160 3581
193.68 8.33 177.02 N80 2 125 2676 2178 2931 2931 2931 2928 2928
193.68 9.52 174.64 N80 2 125 3039 2559 3330 3330 3330 3325 3325 3325 3325
193,68 10.92 171,84 N80 2 125 3459 - 3000 3789 3789 3440 3785 3525 3785 3767
193.68 12.70 168.28 N80 2 125 3983 3550 4363 4363 3440 4359 3525 4359 3767
193.68 14.27 tes.u N80 2 125 4437 4028 4861 4861 3440 4856 3525 4856 3767
193.68 15.11 163.46 N80 2 125 4676 4278 5123 5123 3440 5118 3525 5118 3767
193.68 1588 161,92 N80 2 125 4891 4504 5358 5358 3440 5355 3525 5355 3767
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CooTeoTcTeyToLNiA HoMep hopMy bl

no)y  (54) (55) (56) (60) (61)
Nepe- Mpo4HoCTb coeanHeHve MMa
M Lo o royna wenes - parpoce @HO]T"' ortr
O I I
: MM MM (Haapea) pg’m” sc Lc bef/na Mygyna Mrd.™  mycdTa
peavCu, Bucoo Hunko Bu-oma HIARE £mm Hotoo BEEMND
MMa rpynnbl - rpynnbl ynnu - dynnu rpynnel  -V/VYU-
K auu npoy- npoy-  3pou- 'TOY-  npou- P&) npov- npouy-
HOCTK HOCTH MOCTU HOCTN HOCTUN Mxmu Moero
193.68 8.33 177,02 N80 1 125 2676 2178 2931 2931 2931 2931 2928 2928
193,68 9.52 174,64 N8O 1 125 3039 - 2559 3330 3330 3330 3330 3325 3325 3325 3325
193.68 10,92 171.84 N8O 1 125 3459 3000 3789 3789 3440 3789 3785 3525 3785 3767
193.68 1270 168,28 N80 1 125 3983 3550 4363 4363 3440 4300 4359 3525 4359 3767
193.68 1427 16514 N8O 1 125 4437 4028 4861 4861 3440 4300 4856 3525 4856 3767
193,68 1511 163.46 N8O 1 125 4676 4278 5123 5123 3440 4300 5118 3525 5118 3767
193.68 1588 161,92 N8O 1 125 4891 4504 5358 5358 3440 4300 5355 3525 5355 3767
193.68 8.33 177,02 Cc90 1 5 3010 2365 3027 - 3027 3024 3024
193.68 9.52 174,64 Cc90 1 5 3419 2780 3439 3439 3434 3434 3434 3434
193.68 1092 171,84  C90 1 5 3891 3258 3913 3440 3909 3525 3909 3767
193,68 12,70 168.28  C90 1 5 4480 3856 4506 3440 4502 3525 4502 3767
193.68 14.27 16514  C90 1 5 4992 4375 5020 - 3440 5015 3525 5015 3767
193.68 1511 163.46  C90 1 5 5261 - 4647 5290 . 3440 5285 3525 5285 3767
193,68 15.88 161,92  C90 1 5 5502 4892 5508 3440 5531 3525 5531 3767
193.68 1745 158 78  C90 1 5 5994
193.68 19.05 155.58 Cc90 1 5 6485 -
193.68 8.33 177.02 R95 1 125 3177 2523 3288 3288 3288 3288 -
193.68 9.52 17464  H95 1 125 3609 2065 3734 . 3734 3734 3734 3734 3734
193,68 1092 171.84 5195 1 125 4107 3476 4250 3783 4250 3878 4250 4145
193.68 12,70 168.28 595 1 125 4729 4114 4895 3783 4895 3878 4895 4145
193.68 14,27 16514 595 1 125 5269 4666 5452 3783 5452 3878 5452 4145
193,68 1511 163.46  R95 1 125 5553 4957 5746 3783 5746 3878 5746 4145
193,68 1588 161,92 95 1 125 5808 5221 6013 3783 6013 3878 6013 4145
193.68 8.33 177,02  T95 1 5 3177 2493 3183 3183 3182 3182
193.68 9.52 174.64 T95 1 5 3609 2930 3616 - 3612 3613 3613 3613 3613
193.68 1092 17184  T95 1 5 4107 3434 4115 3612 4112 3704 4112 3959
193.68 12.70 168.28  T95 1 5 4729 4064 4738 3612 4736 3704 4736 3959
193.68 14.27 165.14  T95 1 5 5269 . 4611 5279 . 3612 5276 3704 5276 3959
193.68 1511 163.46  T95 1 5 5553 4898 5563 3612 5560 3704 5560 3959
193.68 1588 161.92  T95 1 5 5808 5156 5784 3612 5818 3704 5818 3959
193,68 17,45 158.78  T95 1 5 6327 .
193.68 19,05 15558  T95 1 5 6845
19368 833 17702 PO 1 125 3575 2005 3758 3fGA 3758 3758 3758 3758
193.68 9.52 174.64 P110 1 125 4179 3420 4271 4271 4271 4271 42O azer AT 4267
193.68 1092 171.84  P110 1 125 4756 4008 4860 4860 4300 4644 4B az1  ABI 713
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Hapyx-
Hblit
AN.1bIC1P
D.mum

193.68
193.68
193,68
193,68
19668
193.68
193.68
193.68
193.68
193.68

193.68

168
168
168
193.68
193.68
193 68
193.68
ros @B
168
1868
188

188
188
196.85
196.85
196.85
196.85
196.85
196,85
196.85
196.85
196,85

196.85

190

Too-
U kM
cTom-
am 1.
Mm

12.70
14,27
15.11
15,88
83
9.52
10.92
12.70
14,27
15.11

15.88

83
92

12.70
14,27
15.11

15.88
83
9

20
uz
Bn
158
15.11
15.11
15.11
15.11
15.11
15.11
15.11
15.11
15.11

15.11

BHyT.
panHnit
Ana-
meTp <

MM

168.28
165.14
163 46
161,92
@
174.64
171.84
168.28
165.14
163.46
161.92
7@
1464
171.84
168.28
165.14
163.46
161.92
7@
174.64
st
1828
ey
16346
BlP
166 63
166.63
166.63
166.63
166.63
166.63
166.63
166.63
166 63

166.63

rppno
CpouHO-

ctu

P110
P110
P110

P110

P110
P110
P110
P110
P110
P110

0125

Q125
0125
0125
0126
0135
0135

0135

015
Qs
0135
0135
L80 9Cr
L80
N80
N80
Cc90
C95
T95
P110
P110

0126

Nepe-
MeHHas'
noyect-
eomunii
Aedext
(manpos)
1l am 4
1 125
1 125
1 125
1 125
| 5
1 5
1 5
1 5
1 5
1 5
1 5
1 5
1 5
1 5
1 5
1 5
1 6
1 6
1 5
1 5
1 5
1 5
1 5
1 5
1 5
2 125
1 125
2 125
1 125
1 5
1 125
1 5
1 125
1 5
1 5

1*0)

TB«w>-
bIOCTh
Tora

Tpysu
Bot
po3b6Y.

MnMa

5476
6101

6430
6725
3675
4179
4756
5476
6101

6430
6725
4179
4745
5402
6223
6933
7306
7642
4509
5120

5826

“o

4759
4759
4759
4759
5354
5651
5651
6544
6544

7436

(54) 155). (5B)

SC LC

4743
5381
5716
6018
2905
3420
4008
4743
5381
5716
6018
3256
. 3825
4485
5312
6027
6402

6740

7259

CooTeeTcTeyTouwuii HoMep hopMynbl

(60), (61)

MpouHocTL coegurerne. MMa

BatTpocc

OCbTuHan
mydTa
Husam* Eucoiho
TPYnNLL  rpynnel
nPOY-  npou-
HOCTU  HocTu
5597 5597
6236 6236
6571 6571
6873 6873
3758 3758
4271 4271
4860 4860
5597 5597
6236 6236
6571 6571
6873 6873

4119
K77
s34
6133
6833 -
7201

7436 -
4430
330

5 1D
aa
3B
M
7989 -

Cneynanbhas

mydhTa
HuNlno Beicokne
dynnu  rpynnsl
-rooy. npau-
wectn  wectu
4300 4644
4300 4644
4300 4644
4300 4644
3758 3758
4271 4271
4300 4644
4300 4644
4300 4644
4300 4644
4300 4644

Qrn
CCun-  cnayu-
WyBTO  wyrper
Hbxkuo Buicokve
3pynnu
npov-  Opou-
MOETU  HOCITW
m 4411
m 4411
%7 4411
@ZI. 4411
3& 3758
4%7 4267
m 4411
m 4411
@. 4411
%7 4411
6371 4411
419 419
K7 Lbr7
A 4/A
6]3]. 4764
a0 44
zl% 4764
BR  a76s
443) 4430
KH) 5030
SE 5468
ol 5B
7\¥5 5468
7 58
80 38

arr

ONbiu-
Has
M>pNM

Cneyn-
aneHan
«l®Tn

Boicokne
rpynnbl
rpou-
HOCTO

4713

4713

4713

4713

4267

4713

4713

4713

4713

4713

5091

5091

5091

5091

5091

5030

5468

5468

5468

5468
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MpogomxeHne Tabnuybl 1.3

CCHOTOOTCTEYTOLLMIA HOMEP (hOPMYIbI

no) (54> (55) (56) (60) (61)
Mepe- MpoyHoCTb coeamHeHns. MMNa
Hapys- LIO% pi):uin;ﬁ . mewnnal Toes- BatTpocc o™ o1
. « pynna ncicer-
Hb o o bIBCTb R - R
Anamcip CTOW  Ava CPOuHO-  aomuwii Tora OChTuMas CsiBynanbkaa QOM croun- Osmu- Creun
KM 1. MeTp a. cTn Aapcn Mna nnm.asn na albHas
0. Mv TpyBU MydiTa mydra ) u,
MM MM (Manpo3) . SC LC wo.na  mydurn m>d,ru dTa
ot
po3L6U. HI0 ***- B coko HWN1*o Bucokua Bucokue Honb.* Bucokne
Mna pynnbl  cpynr-n PYATA pynnm ¢ ya=- AOynnbl -vivyu- ifiynnuf
. an u npoy- npou- TPOY- TPOY- npov- npou- Mpo-v- ryx>u-
HOCTU ~ HOCTM  HecTM  HecTn >oc:tw  W(KIKO  mxi7iu HocTo
298 67» 20566 HIO > 125 123 813
219.08 7.72 203.64 H40 2 125 1414 1035 - 1744 - :IYM 1744 :IYM
219.08 8.94 201,20 H40 2 125 1628 1241 1392 2009 ~ ZID - 2009 2009 2009 2009
ng .1016 »98.76 |'m 2 125 1840 1517 ]IQ m m — 2269 m 2269 2269
2198 N43 9622 HOQ 2 125 2057 2537 - 2338 =7 20
298 120 9368 na0 2 125 271 - 2802 - 238 82 XHBb
219.08 6.71 205.66 2 125 1696 1088

2198 772 20364 2 125 1042 130 1545 2236 2B 2B 2B 2H 2B -~

219.08 894 201,20 2 125 2238 1656 1856 2576 2576 2576 2576 2574 2574 2574 2574

J55
J55
219.08 10.16 198.76 J55 2 125 2529 1928 2161 2911 2911 2911 2911 2908 2908 2908 2908

2198 143 196.22 2 125 2825 247> 3252 3252 2044 2O 3250 U 32520 P
298 120 1638 2 125 3119 218 359, 3s9r M FAL 3590 3047 350, P
219,08 671 20566 K55 2 125 1696 1171 _

2198 772 ABA KBS 2 125 1042 1400 16/ BA B4 BA BA 2664 2664

219.08 894 201,20 K55 2 125 2238 1790 2011 3070 3070 3070 3070 3067 3067 3067 3067
219.08 10.16 198.76 K55 2 125 2529 2083 2342 3468 3468 3468 3468 3466 3466 3466 3466
2198 143 29622 xs5 2 125 2825 B(7 3875 3875 3D 37D 3875 BN BH IBH

298 120 9368 KBS > 125 3119 2 4279 4279 3D D 1279 BN L2PO 421

219.08 6.71 205.66 M65 2 125 2005 1267

210.08 7,72 20364 M65 2 125 2208 1612
219,08 8.94 201,20 M65 2 125 2645 1933 2166 2955 2955 2053 ZXB3 ZB3 2053
219,08 10.16 19876 M65 2 125 2988 2251 2521 3330 3339 3336 Bb BH TBH
210.08 1143 19622 M65 2 125 3341 2887 3733 3730 3730 3454 , {3) 3687

219.08 671 205.66  M65 1 125 2005 1267 . .

210.08 772 20364  M65 1 125 2298 1612 . . -

210.08 8.94 201,20 M65 1 125 2645 1933 2166 2955 2955 2953 2953 2953 2953
210.08 10.16 198.76 M65 1 125 2988 2251 2521 3339 3339 3336 3336 3336 330
210.08 1143 19622 M65 1 125 3341 . 2887 3733 3730 3730 3454 3 /3) 3687

2198 8% A DT 2 125 3256 3399 3390 3399 3300 3P 3300

210,08 10.16 198.76 L80 9Cr 2 125 3678 3016 3841 3730 3840 3840 3D 3840

219,08 1143 196.22 L80 9Cr 2 125 4112 . 3454 4205 3730 4204 3860 A 4121

219.08 1270 193.68 L80 9Cr 2 125 4542 3886 4743 3730 4742 3860 AR 121

219.08 1415 190.78 4809Cr 2 125 5024 4371 5246 . 3730 5246 3860 OB 4121

298 sos AAD g0 v 125 3256 3399 3399 3300 3300 3P 3309

219.08 1016 19876 L8O 1 125 3678 3016 3841 . 3730 B 3830 B 3840

191
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Hapy)K-
Holl

B

219.08
219.08

219.08

219.08
219.08
219.08

219.08
219.08
219.08
219.08
219,08
219,08
219.08
219,08
219.08

219.08

219.08
219,08
219,08

219.08

21908

219.08

192

T00-
LLKM
CTOM-
avl.
MM

11.43
12.70

14.15

a7l
772
tie
10.18
11.43
12.70
14.15
6 71
7.72
8An
10.18
11.43
12.70
14.15
8 94
10.18
11.43
12.70
14.15
8.94
10.18
11.43
12.70
14.15
8 94
10.18
11.43
12.70
14.15
8 94
10.16

11.43

BHyT-
paHHuiA

198,22
193.88
190,78

205.86

ABA
LD
198.76
198,22
193.68
190,78

205.66

B4
4120
198.76
198,22
193.68

190,78

198.76
198.22
193.68

190,78

198.76
196.22
193 68
190.78
201.20
198.76
198,22
193.68

190.78

1BH

198.22

fppno
CPOYHO-

cmm

L8o

LBC

L80

E8888

N80

=4

80

888

N80

N80

N80

N80

c90

Cc90

Cc90

Cc90

Cc90

R9S

A95

A95

A95

ros

T95

T95

795

195

P110

Mepe-

MeHHas"
ucryecr-
€oMUHI
fAethekt
(manpos)
K an 4
1 125
1 125
1 125
2 s
2 125
2 125
2 125
2 125
2 125
2 125
1 125
1 125
1 125
1 125
1 125
1 125
1 125
r 5

1 5

1 6

1 5

1 5

1 125
1 125
1 125
1 125
1 125
1 5

1 5

1 5

1 5

1 5

1 125
1 125
1 125

(10)

Tem-
HOCTb
Tera

TpyBU
6e3

po3b6U.

Mna

4112
4542
5024
2470
2828
3256
3878
4112
4542
5024
2470
2828
3256
3878
4112
4542
5024
3652
4138
4828
5109
5852
3864
4388
4884
5393
5988
3864
4388
4884
5393

5988

471

5855

(54) (55). (56)

sC

1540

1957

L

1540

1957

peing

LC

3454

3886

4371

2628

3061

3505
3944

4436

2628

3081

3505

3944

4438

2860

3331

3814

4291

4827

3051

3552

4088

4576

5149

3013

3511

4020

4523

5088

3514

4091

4691

CooTeeTcTeyToLmin Homep hopmMynbl

(60), (61)
MpouHocTb coeuHeHns MMa
BaTTpoce (o7

06bluHas CneyuansHas C<Sen- Creuw-
mycta m>hra Ve "1;1;::?«

Huzam* Eucoiho Hunu* Bbicokue

rpynnbl - rpynnbl ‘pyanu  Tp>nnu
MPOY- npoy-  -TOOH. npay- npov- Y-
HOCT HOCTU  HecTu HectM  MOC/LL,  HOCITW
4295 3730 4204 3860
4743 3730 412 3860
6246 - 3730 - 526 3860
- - 3B/ 3057
B 3520 3520 - B 3520
3980 3980 3928 7 3977
4451 4451 3926 M7 a061
4915 4915 3926 DN 1061
5437 5437 3926 "B 461
. . 3B/ 3B/
3520 3520 3520 T /D
3980 3980 3926 3980 I BT
4451 4451 3026 4as1 A7 ABL
4015 4915 3926 4008 ZRI1 4L
5437 5437 3928 a4g0s AB 4Bl
3652 . 3652 xR IR
4130 3926 427 4861
4617 3926 K4 4861
5099 3926 9% 4%l
5641 3926 B3 461
3984 3964 B I
4479 4317 “P Mer
5008 . 4317 . 3B M7
5531 . 4317 =Rl M7
8119 4317 G119 47
3843 . 3843 ssaz BB
4343 4122 83pr 47
4857 4122 8 457
5383 4122 581 4%/
5933 4122 Rl 467
BB 4533 4533 as33 BB BB
BI2 5133 AP 513 512 58
5730 5730 4908 5300 /27 HH)

arr

O6bl4-  Cneuu-
Hee anbHas
mypTta «/PTn

th@o Bbicokvie msblcome
mmm |

R B!
MXTH HOCIO
4294 4121

4742 4121

5246 4121

3520 3520

:977 3977

K4 135
so06 43D
5637 43D
3964 3964

aa79 B
so0s 4D
5531 4D

5931 4555
4533 4533
5122 5122

5727 5423
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CcoToeTCT&yTOLMIA HOMEp thopMy bl

(10) (54) (55) (56) (60) (61)
Mepe- MpouHoCcTb coeguHeHns MMa
Hapy- T00-  BMyT. MeHHas Tew- BaTTpoce Ol o
oW We- poHWA pynna NCKY«CT- YocTh G]/H
ibcip CTOW AvaY CPOuHO-  ecHUMiA Teno O6bluHas CneuvansHas Cneyn-  OBmu-  Cneuw-
0. vm Kml. MeTp a cTn [fedekt 6 MydTa MycTa may nnm.es [7:1:] anbHasa
’ MM MM («appo3) T%yO]M sC LC we.'na mygarm M>h,7M Mvaa
po3b6u. HIONY? Eucoiyo HWI1*o Bbicokue l'ﬁHDBblcome H.I.I:meICOKVIe
MMa rpynnbl - rpynnbl - ®ynnu  ynnu AOynMbI |
npoy- npoy- MPO4- HPOY4  npov- TrpoY- Mpo-V- rpom-
an 4 Hoctu  Hoctu  wectn  wecn  cmn MBHOD w7 woCTO
219.08 12.70 193,68 P110 1 125 6245 5277 6328 6328 4908 5300 6324 5080 694 M
219.08 14.15 190.78 P110 1 125 6908 - 5936 7000 7000 4908 5300 6997 5080 @7 323

21906 89 LD PO 1 s M 3514 4533 4533 BB BB 4533 as33 BB BB
2198 1016 1B/ PIIO 1 s SR 4001 5122 5133 4P BIB s122 5080 B2 B2

21908 1143 19622 P110 1 6 5655 4691 5730 5730 4908 5300 572/ sos0 S/ H3
219.08 1270 193.68 P10 1 5 6245 5277 6328 6328 4008 5300 O34 sos0 @34 543
21908 1415 19078 P110 1 5 6908 5036 7000 7000 4908 5300 GBO7 s0s0 6EO7 A3
2988 8H 2020 o125 1 5 3085 - 3941 4979 - 80 PO -~

2198 1016 1BB o125 1 5 5745 8 5626 . se26 B/ se26 D
2198 1B 1982 o125 I 5 6424 55 60 ; 6200 87 690 588
2198 120 1B@B o125 1 5 7094 3|0 BH e0ss A/ 06 558
21908 1415 19078 Q125 1 6 7850 6654 7686 - - B/ Y8 B T8
298 8N ANAD oizs 1 5 5486 . A7 5356 5% 536

298 1016 1BB o135 1 5 6198 M 6051 68L -84 dBlL a5l
298 N4 1B2 o135 1 5  s031 5661 6766 66 5304 606 6P
298 120 1BB o135 1 s 7654 - 63D 7472 . a2 BA M2 6Xp
21988 1415 190B o135 1 5 saes s 867 867 51 867 6
24448 7.92 228,80 HA0 2 125 1624 1128 %5 . 1995 196

244.48 894 22660 HA0 2 125 1824 1309 1508 Z2AB 28 2AB 4B 248
2448 1003 240 HO 2 125 A 1502 1731 AUH 26 26 2400 245
248 1105 220 HO 2 125 2ZH 2B 26 2B

248 11D 2090 HO 2 125 2416 3 X3 2718

248 B33 2680 HO 2 125 26O . 3B B 2718

248 7R 280 b 2 125 20 1504 7 2527 2527 2501 2 BX

24448 894 22660 55 2 125 2509 1751 2015 2843 2843 2843 2843 2840 2840 2840 2840
244.48 1003 224.40  J55 2 125 2802 2009 2313 3175 3175 3175 3175 3172 3172 3172 3172
2488 1105 224 BS 2 125 3070 B8 AP AP 3279 3479 3479 T 3479 3479
2448 NP 2090 b 2 125 B - Bb 3 3D IO 3D se0 A 3D s624
248 133 2680 JH 2 125 3D BB 4305 43D 3279 A 4305 TIHA 43D s624
248 7@ 28800 KB 2 125 230 1618 . 2086 B ZBHB B 2066 IH

24448 894 22660 KS5 2 125 2509 1883 2175 3358 3358 3358 3358 3356 3356 3356 3356
244.48 1003 224.40 K66 2 125 2802 2162 2496 3751 3761 3761 3751 3748 3748 3748 3748
2048 1105 2240 KS 2 125 3070 2789 Al 4111 . 401 411 411 41 an
248 1N1P 2058 KB 2 125 3317 3060 MR 4422 155 AH a2 BN M2 MR
248 B3 21680 KS 2 125 3799 IB7 s087 s087 4155 4> s0s7 43D FB7 HBR

193
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Hapy)K-
HbWA
AV.1bIC1P
D. MM

244.48
244.48
244.48
244.48
244.48
244.48
244.48
244.48
244.48
244.48
244.48
244.48
244.48
244.48
244.48
2448
244.48
244.48
244.48
244.48

244.48

244.48
244.48
244.48
244.48
244.48

244.48

244.48
244.48
244.48

244.48

194

T00-
wE-

cTon-
-1
MM

8.84
10.03
11.05
11.99
8.94
10.03
11.05
11,99
8.94
10.03
11.05
11,99
13.84
15,11
>5.90
8.94
10.03
11.05
11,99
13.84
15.11
15.90
7.92
8.94
10.03
11.05
11,99
13.84
15.11
7,92
8.94
10.03
11.05
11.99

13.84

BHyT.

paHHuiA
ana-

meTp 0,
MM

226.60
224.40
222.40
220,50
226.60
224.40
222.40
220,50
228.60
224.40
222.40
220.50
216,80
214.25
2268
260
224.40
222.40
220.50
216.80

214,25

224.40
222.40
220.50

216,80

Ipynna
CPOYHO-
ctm

M65
M65
M65
M65
M6S
M65
M65
M65
FSejegy
L80 9Cr
L80 9Cr
180 9Cr
L80 9Cr
L80 9Cr
BT
L8
L80
L80
L80
L80

L80

88k

N80

N80

N80

4

80

4

80

8

N80

N80

N80

Mepe-
MeHHas"
uctyecrt-
eomumin
AO«en
(magpo3)
ari aH 4
2 125
2 125
2 125
2 125
1 125
1 125
1 125
1 125
2 125
2 125
2 125
2 125
2 125
2 125
2 >25
l >25
1 125
1 125
1 125
1 125
1 125
1 >25
2 >2.5
2 >25
2 125
2 125
2 125
2 125
2 125
1 >25
1 >25
1 125
1 125
1 125
1 125

(10 >

Tem-
HOCTb
Tena

TpyBun
6e>

po3b6U.

Mna

2965

3312

3631

3924

2965

3312

3631

3924

3650

4076

4469

4829

5532

6006

6299

3650

4076

4469

4829

5532

6006

6299

A7 A8

3650

4076

4469

4829

5532

6006

3247

3650

4076

4469

4829

5532

(54) (55). (SS)

sc

2045

2347

2045

2347

2352
2700
3020
3314
2352
2700
3020
3314
28>6
3234
3618
3970
4655
5118
5400
2816
3234
3618
3970
4655

5118

23
2856
3280
3670
4026
4722
5191
2458
2856
3280
3670
4026

4722

CooTaeTcTeyToLmin Homep hopmynbi

(601, (611

MpouHoCTb coeuHeHuns MMa

BarTpocc
O6bl4Hast CneuvanbHas
mycta m>hra

HOJT*? Eucoiyo
pynnbl  rpynru
npPou- npou-
HOCTK HOCTK

3266

3648

4000

4322

3266

3648

4000

4322

3770

4213

4619 -
4992 -
5718 -
6208

6507

3770

4213

4619

4992

5718

6208

6507

3468 %
3897 3897
4357 4357
a777 4777
5162 5162
5913 5913
6420 6420
3468 3468
3897 3897
4357 4357
4777 4777
5162 5162

5913 5913

rpynne

Ormn

CCun-
«@,

Cneuwn-
anwtan

MyTpIH

armr

Oimy-
neo
M>¢.7M

Huni*o BbICOKME |'¢1KM0 BﬂDVB HU2VUO
maTm

dynnun

TPOUY-
HecTn

3266
3648
4000
4154
3266
3648
4000
4154
3770
4154
4154
4154
4154
4154
4155
3770
4154
4154
4154
4154
4154
A5
3468
37
4357
4373
4373
4373
4373
3468
3897
4357
4373
4373

4373

npau-
HecTn

4357

a777

5162

5466

npov-

mMocnw

363
M
307
430

am

5>59
5908

614

opoy-
HOOT76)

363
M
307

ap/t
npoy-
HOCTU

363
M
3997

4320

Cneyu-
anbHas
«/ ® T

Bawe
ITbI

rpou-

1oCIO

3644
3997
4320
3263
3644
3997
4320
3770

4592
4592
4592
4592

4592

4592
4592
4592

4592

4352
4774
4830
4830

4830

3897
4352
4774
4830

4830
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Ton-  BmyT.
Hapy- o
HZ)I; upva - pounmin Mpynna
cToiA- ana- rpeLHo-
,U,Monb“E;.P il mepd  cm
: MM MM

244.48 1511 21425 N8O
24448 soa 20680 CD
244.48 1003 224,40  C90
244.48 1105 22240  C90
244.48 1199 220550  C90
244.48 1384 216.80 €90
244.48 1511 214,25  C90
244.48 1547 21350  C90
244.48 17.07 210.30  C90
244,48 1864 207.20  C90
244.48 20,24 204.00 Cc90
244 48 894 226 @ RB
244,48 1003 22440 RD
24448 1105 22240 RH
244.48 11,99 22050  R9S
244.48 1384 21680 RO

244 48 1511 214.25

244 48 1500 212 ros
24448 89a 206060 ros

244.48 10.03 224,40 T95

Y

95

el

244.48 11.05 222.40 T95
244.48 1199 220.50 795
244.48 13.84 216.80 795
244.48 1511 214.25 T95
244,48 1547 213.50 T95
244.48 17.07 210.30 T95
244.48 18,64 207 20 T95
244.48 20,24 204.00 T95
244.48 8 94 %6) M:I.O
244 48 10.03 244) FZIJ.O
244.48 11.05 222.40 P110
244.48 11,99 220,50 P110
244.48 13,84 216.80 P110

244,48 1511 214.25 P110

24448 1500 21268 PIIO

MO)
Mepe-
MeHHas"
noyect- Tew-
eomumin Hoctb
foon Tora
(manpos) Tpgg”
po3

MMa
noan a4
1 125 6006
1 5 4106
1 5 4585
1 5 S028
1 6 5433
1 5 6224
1 5 6757
1 5 6906
1 5 7566
1 5 8207
1 5 8849
f 125 4331
1 125 4840
1 125 5307
1 125 5735
1 125 6570
1 125 7132
r 125 7475
1 5 4331
1 6 4840
1 5 5307
1 5 5735
1 5 6570
1 5 7132
1 5 7289
1 5 7987
1 5 8663
1 5 9340
1 125 5012
1 125 5Pr
1 125 6145
1 125 6641
1 125 7607
1 125 8259
I 125 ses0

sC

154), (55). (561

LC

5191

3113

3575

4000

4389

5146

5658

3809

4263

4678

5484

6029

6403

3769

4216

4626

5425

5964

4388

4916

5394

6325

6954

FOCT P 54918—2012

CcoTeeTcTByTOWMIA HOMEP thopMy bl

BatTpooc
O6blyHasn CneuvanbHas
mycra mydTa
HKO***. Eucoiyo HKOIMO Bucokua
rpynnbl  rpynru ‘pynnu  gynnu
npos-  npo-  TPOY4-  TPO4-
HOCTK MocTn HecTn HecTn
6420 6420 4373 5466
4063 - 4[53
4541 -~ 4373 -
4979 4373 -
5381 - 4373
6164 4373
6692 4373
4402 442
4916 lﬂB
532 HB
m 4808
&3 . 4808
56 4808
=8 4808
205 25
a4777 4591
5238 4591
5661 4591
6485 4591
7040 4591
5037 5037 5037 5037
5625 5625 5468 5625
6173 6173 5466 5903
6671 6871 5466 5903
7642 7642 5466 5903
8297 8297 5466 5903
seos OIN 5468 5906

(60) (61)

MpoyHoCTL coeguHeHus. MMa

Orn
G]/H Cneun-
Mes  anm.es
MapTia  M)d\«
HMQ BSEIIC
rpynnbi
npov- MpOo4-
Aocmu  HoOTW
6414 4523
183 4183
A3 4523
m 4523
5378 4523
e158 B3
ess7 BB
4202 MR
4916 4916
5302 496
7 L6
&3 L6
25 4976
7598 4976
4215 2B
4774 433
5236 4753
5659 4753
6480 433
7036 4753
5037 5037
B5  se2s
6l 5650
BB  seso
BH  sese
BOL ses9
BEH 5650

armr
O6bl4-  Cneuu-
Hee  anbHas
w>Taa Vl,qj'm
BAT®
PITbI
npo-v-  rpom-
a7 HoCTO
6414 4830
4537 4537
4976 4830
53B 4830
6]8 4830
687 480
MY AP
L6 4916
P 534
B 34
&8 34
25 5314
m 5314
4774 4774
% 5076
5659 5076
6480 5076
7036 5076
5037 5037
5625 5625
6170 6043
6668 6043
7636 6043
8291 6043
8694 6043

195
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MpogomxeHne Tabnuybl 1.3

Hapyx-
HbWA
IM.LICIP
0. Mv

244.48
244.48
244.48
244.48
244.48
244.48
244.48
244.48
244.48
244 48
244.48
244.48
244.48
244.48
244 48
244.48
244.48
244 48
244.48
244.48
250.83
250 83
25083
250.83
250.83
250.83
250 83
250 83
273.05
273.05
273 05
273.05
273.05
273.05

273 05

196

Ton-
yma
cToM-

avl

MM

8 94
10.03
11.05
11.99
13.84
15.11
15.90
8.94
10.03
11.05
11.99
13.84
15.11
8 94
10.03
11.05
11 99
13.84
15.11
15.90
15,86
15.88
15.88
15.88
15.88
15.88
15.86
15.86
7.09
8.89
10.16
11 43
12.57
13.84

709

BHyT.
paHHuit
ana-
metp 4.
MM

226 60
224.40
222.40
220,50
216.80
214.26
212.68
226.60
224.40
222 40
220.50
216.80
214 25
226.60
224.40
222 40
220.50
216.80
214.25
212.68
220.44
220.44
22044
220.44
220.44
22044
220.44
220.44
258.90
255.30
252.70
250 20
247.90
245.40

258.90

Ipynna

rpeLLHo-

cmm

P110
P110
P110
P110
P110
P110
P110
0125
0125
0125
Q125
Q12s
0125
Q135
Q13s
Q13s
Q13s
0135
0135
0135
N80
N80
c90
Tos
P110
P110
0125
0135
H40
H40
H40
H40
H40
H40

JS5

MNepe-
MeHHas"
umyccr-
aoMmbIit
JAOKT
O-appea)
0 °H 4
1 5
1 5
1 5
1 5
1 6
1 5
1 5
1 5
1 5
| 5
1 5
1 5
1 5
1 5
1 5
1 5
1 5
1 5
1 5
1 5
2 125
1 125
1 5
1 125
1 12.5
1 5
1 5
1 5
2 12.5
2 12.5
2 125
2 125
2 125
2 125
2 125

MO(

Tou-
HOCTb
Tera
TpyGbl
6e>

peabbbl.

Mna

5012

5597

6145

6641

7607

8259

8650

5700

6365

6982

7546

8644

9385

6149

6867

7532

8140

9321

10121

10613

6467

6467

7275

7674

8880

8880

10099

10895

1633

2035

2315

2592

2838

3109

2244

(54), (55). (561

sC

914

1395

1224

LC

3823

4388

4916

5394

6325

6954

7330

4923

5510

6050

7094

7800

5306

5938

6516

7638

8398

8865

CootaeTcteyTolmii Homep thopMy bl

160), (61)

MpouHoCTb coeuHeHuns MMa

BarTpocc
O6blyHasn CneuvanbHas
mycta m>hra

Husom Eucoiho

rpynnbl
Mp<te

*0cTn

5037
5625
6173
6671
7642
8297
8694
5544
6192
6792
7341
8409
9129
5965
6661
7307
7897
9042
9818

10296

2409
2740
3068
3359
3680

rpynru
npo-
MoCTU

5037
5625
6173
6671
7642
8297

8694

HW3LWWC Bk AM90 Hj uuo

ynnu
naau-

HectTn

5037
5468
5466
5466
5466
5466

5468

h>nnu
npay-
HecTu

5037
5625
5903
5903
5903
5903

5906

OTTn

06bl4-  Cneym-
Has anbHas
mydTa
Beiconus
rpynnbl

npov-  npou-
Aocmu  HOCITW
5037 5037
5625 5625
6170 5659
6668 5659
7636 5659
8291 5659
8694 5659
5544 5544
6192 6112
6792 6112
7340 6112
8405 6112
9125 6112
5965 5965
6661 6565
7307 6565
7897 6565
9042 6565
9818 6565
10296 6565
2409 2409
2740 2740
3068 3035
3359 3035
3680 3035

oTTr
OCmuy-  Cneuu-
Hea anbHas
M>h,7M  mydTa
HU2WO Bbicekvo
rpynnbl

npoV-  rpouy-
«XTW  HOCTO
5037 5037
5625 5625
6170 6043
6668 6043
7636 6043
8291 6043
8694 6043
6192 6192
6792  6S27
7340 6527
8405 6527
9125 6527
6661 6661
7307 7011
7897 7011
9042 7011
9818 7011
10296 7011
6884

6884 .
7184

7559

8905

8906

9808

10552



MpogomxeHne Tabnuybl 1.3

Hapy»x-
HbWA
IN1bCIP
0. Mv

273.05
273.05
273,05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273,05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273,05
273.05
273.05

273.05

TOO-
Lyma
cToiA-

kvl

MM

10.16
11.43
12,57
13.84
16.50
7.09
8.89
10.16
11.43
12.57
13.84
16.50
8.89
10.16
11.43
12.57
8 89
10.16
11.43
12.57
8.89
10.16
11.43
12.57
13.84
51
16.50
8.89
10.16
11.43
12.57
13.84
1S.tr

16.50

BmyT.
paHHWit
ana-
MeTp a.
MM

255,30
252.70
250,20
247.90
245.40
240.05
258.90
255.30
252.70
250,20
247 90
245.40
240.05
255.30
252.70
250,20
247.90
255,30
252.70
250,20
247.90
255.30
252.70
250.20
247.90
245.40
242.80
240.05
255.30
252.70
250,20
247,90
245.40
242.80

24005

pynna
CPOYHO-
ctm

J58
J5S
J55
JS5
J55
J55
K5S
K5S
K5S
K55
KS5
K55
KSS
M65
M65
M65
M65
M65
M65
M65
M65
L80 9C/
L80 9Cr
L80 9Cr
180 9Cr
L80 9Cr
L80 9Cr
L80 9Cr
L80
L80
L80
L80
L80
L80

L80

MNepa-
Mcuuna’
MCiyCCT-
aomuui
Aapcn
(manpos)
an Y
2 125
2 125
2 125
2 125
2 12.5
2 12.5
2 125
2 125
2 125
2 125
2 12.5
2 125
2 12.5
2 125
2 125
2 125
2 125
1 125
1 125
1 125
1 125
2 125
2 125
2 125
2 125
2 125
2 12.5
2 12.5
1 125
1 125
1 125
1 125
1 125
1 125
r 125

MO)

TB«>-
yecTb
Tano
Tpy6Y®
6a3

po3b6U.

Mna

2797

3182

3562

3897

4269

5038

2244

2797

3182

3562

3897

4269

5038

3306

3760

4210

4811

3306

3760

4210

4611

4070

4630

5181

5675

6218

6755

7337

4070

4630

5181

5675

6218

6755

7337

154), (55). (56|

sC

1868

2193

2514

2796

3110

1308

2003

2350

2695

2996

3333

4028

2184

2563

2939

3273

2184

2563

2939

3273

2622

3078

3530

3932

4372

4809

5283

2622

3078

3530

3932

4372

4809

5283

LC

FOCT P 54918—2012

CcoToeTCT&yTOLMIA HoMEp thopMy bl

(60) (61)

MpouHoCTb coeanHeHus. MMa

BarTpocc
O6blyHasn CneuvanbHas
mycta mydTa

Hbonne Eucoiyo Hu/N6 Bbicokue

rpynbi
npoy-
HOCTH

3114
3541
3965
4337
4752

5163

3642
4142
4638
5074
5560
6040
3584
4076
4563
4998
3584
4076
4563
4998
4156
4726
5293
5796
6348

6897

4156
4726
5293
5796
6348

6897

rpynru
npos-
HOCTU

3114

3541

3965

4337

4752

5163

3642

4142

4638

5074

5560

6040

ynnu  dynnn

MPO4
HecTU

3114

3541

3656

3655

3655

3655

3642

4142

4631

4631

4631

4631

3564

4076

4563

4631

3564

4076

4563

4631

4156

4631

4 631

4631

4631

4631

4156

4631

4631

4631

4631

4631

MPO4
HecTU

3114

3541

3965

3642

4142

4631

4631

4631

4631

OTTn

OCuy-  Cneum-
mia ST
blyhito  Mycuru

Bbicokve
SPfOnu  rpynnsl
npov- <?poH.
7ol vooruy

3111 3111
3538 3538
3961 3790
4337 3790
4752 3790
5163 3790
3639 3639
4139 4139
4634 4634
5074 4802
5560 4802
6040 4802
3581 3581
4073 4073
4560 4560
4993 4802
3581 3581
4073 4073
4560 4560
4993 4802
4156 4156
4726 4726
5291 4802
5794 4802
6348 4802
6897 4802
7491 4802
4156 4156
4726 4726
5291 4802
5794 4802
6348 4802
6897 4802
7491 4802

oTTr
OBMY-  Cneuu-
7z anbHasa
M>h7M  un,pTa
BbICOKVE
WfOnu rpynnsl
npcbl-  rPOM-
MXI71U  HocTo
3111 3111
3538 3538
3961 3961
4337 4048
4752 4048
5183 4048
3639 3639
4139 4139
4634 4634
5074 5074
5560 5129
6040 5129
3581 3581
4073 4073
4560 4580
4993 4993
3581 3581
4073 4073
4560 4560
4993 4993
4156 4156
4726 4726
5291 5129
5794 5129
6348 5129
6897 5129
7491 5129
4156 4156
4726 4726
5291 5129
5794 5129
6348 5129
6897 5129
7491 5129



FOCT P 54918—2012

MpogomxeHne Tabnuybl 1.3

Hapyx-
HbWA
IN1bCIP
0. Mv

273.05
273.05
273,05
273,05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273,05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273.05
273,05
273.05
273.05

273.05

198

TOO-
Lyma
cTom-
avl
MM

10.16
11.43
12.57
13.84
15.11
8 89
10.16
11.43
12.57
13.84
15.11
8.89
10.16
11.43
12.57
13.84
15.11
17.07
18,64
20.24
8.89
10.16
11.43
12.57
J3.84
511
r6.50
8,89
10.16
11.43
12.57
13 84
15.11

17.07

BHyT.
paHHuiA
ana-
MeTp a.
MM

255 30
252.70
250.20
247,90
245.40
242.80
255.30
252.70
250,20
247,90
245.40
242.80
255.30
252.70
250,20
247,90
245.40
242.80
238,90
235,80
232.60
255.30
252.70
250,20
247.90
245.40
242.80
240.05
25530
252.70
250,20
247,90
245.40
242.80

238.90

Ipynna
rpeLuHo-

cmm

N80

N80

N80

N80

N80

N80

N80

N80

N80

N80

N80

N80

C90

C90

co0

C90

C90

Cc90

Cc90

Cco0

Cc90

R95

«95

«95

«95

«95

«95

«95

795

795

795

795

795

795

Mcps-
MouHan
He«yCCT
LieHHbIV
fAecekT
(HappBa)
Ji an M
2 125
2 12.5
2 125
2 125
2 12.5
2 12.5
1 125
1 125
1 125
1 125
1 125
1 125
1 5
1 5
1 S
1 5

1 5
1 6
1 5
1 6
1 5
1 125
1 125
1 125
1 125
r 125
1 125
1 125
1 5

1 5
1 5
1 5
1 5

1 5
1 5

MO)

Tou-
HOCTb
Tera
TpyGbl
801

pBaLbb

Mna

4070

4830

5181

5875

8218

8755

4070

4830

5181

5875

8218

8755

4579

5208

5829

8384

6995

7599

8517

9248

9978

4830

5493

6150

6734

7378

8016

8706

4830

5493

8153

8739

7383

8021

8990

(54), (55). (56]

sC

265S

3116

3575

3982

4427

4870

2855

3116

3575

3982

4427

4870

2904

3403

3909

4354

4844

5329

3093

3630

4162

4635

5156

5672

6231

3060

3591

4121

4591

5107

5818

LC

CooTtoeTcTteyTolwmii Homep thopMy bl

160), (61)

MpouHoCTb coeguHeHve. MMNa

BarTpocc
O6blyHasn CneuvanbHas
mycta mydTa

Huzam* Bucoiho Hui* B,. O(M*4
rpynribl
npay-
HecTn

rpynnb!

npo™-
jlee ]

5481

5981

5461

5981

4492
5109
5723
6288
6887

7480

4857
5525
6185
6772
7420
8061
8756
4727
5308
8022
8595
7228

7850

rpynru

npou-
HOCTU

5481

5981

5481

5981

rpynnb!
-TPOH.
HecTu

4875

4875

4875

4875

4492

5109

4875

4875

4875

4875

4857

5359

5359

5359

5359

5359

5359

4727

5119

5119

5119

5119

5119

5481

5981

OTTn

C6bly-  CnBum-
vae  /ubirest
mydta  mydra

Ho.1KO0 Beblicokue

rpronn  rpynnbl
npov-

moanu  MOCAM)

4286 4286
4874 4874
5457 5051
5975 5051
6547 5051
7113 5051
4286 4286
4874 4874
5457 5051
5975 5051
6547 5051
7113 5051
4492 4492
5109 5051
5719 5051
8263 5051
8862 5051
7455 5051
4857 4857
5525 5525
6185 5557
6772 5557
7420 5557
8061 5557
8756 5557
4727 4727
5376 5376
6019 5308
6591 5308
7221 5308
7845 5308

oTTr

O6bI4-  Cneuu-

Hee anbHas
MAG7M - JV/dmn
HU2WUO Bbicokue
ap/trnn - rpynnbl
npov- rpoy
MXTU  Hoere/
4286 4266
4874 4874
5457 5395
5975 5395
6547 5395
7713 5395
4286 4286
4874 4874
5457 5395
5975 5395
6547 5395
7113 5395
5109 5395
5719 5395
6283 5395
8882 5395
7455 5395
4857 4857
5525 5525
6185 5935
6772 5935
7420 5935
6061 5935
8756 5935
5376 5376
6019 5669
6591 5669
7221 5669
7845 5669



MpogomxeHne Tabnuybl 1.3

Hapy»x-
HbWA
AN.1bIC1P
0. Mv

273.05
273,05
273.05
273.05
273.05
273,05
273.05
273.05
273.05

273.05

273.05
273.05

273.05

298.45
298.45
298.45
298,45
298,45
298.45
298.45

298.45

TO0O-
WE-
cTom-

KM L

MM

18.64
20,24
8.89
io.it
11.43
12.57
13.84
15.11
J6.50
8.89
i0.1t
11.43
12.57
13.84
15.11

16.50

1016
nas
»5
13.84
15.11

J0.T6
ns
s

Bn
165

8.46

9.53

11.05
12.42
13.56

4B

8 46

BmyT-
POHWNIA
ana-
meTp

MM

235.80
232.60
255.30
20
250.20
247.90
245.40
242.80
204.05
255.30
252.70
250,20
247.90
245.40
242.80
204.05
252.70
250.20
24790
245.40

242,80

270
2200
2478
2640
228
200
281.50
A
279.41
276.40
273.60

271,30

89D
8L

pynna
CPOYHO-
ctm

795

795

P110
P110
P110

P110

P110
P110
P110

P110

0125

0125

0125

0125

MNepe-
MeHHas"
NMyCCr-
eoMubIii
[fedekt
(«appo3)

an 4
1 5
1 5
1 12.5
1 125
1 125
1 125
1 125
1 125
1 12.5
1 s
1 s
1 5
1 5
1 5
1 5
1 s
1 s
1 s
1 s
1 6
1 5
1 5
1 5
1 s
1 s
1 s
1 s
2 125
2 12.5
2 125
2 125
2 125
2 125
2 12.5
2 125

MO)  154), (55). (56|
Te«>-

bIOCTb

Teno

T"éf:" scLc
pesbobl.

Mra

9759

10531 .
5580 3563
6357 4181
7124 4800
7803 5347 -
8549 5948
9288 6544
1006 718
5589 3563
6357 4181
7124 4800
7803 5347
8549 5948 .
0288 6544 .
10075 7178
7220 480
gooa 537
8862 5999
9715 6681
10554 7350
7800 5065
8732 5807 .
9561 6466
1046 7194
1AL 7014
1231 8694
2125 1368
2020 1831
3278 2120 .
3783 2525
4232 2886
4597 3179
4989 3494
2920 1956

FOCT P 54918—2012

CcoteeTcT&yTOLMIA HOMEP thopMy bl

BarTpooc
OCeT-yaH CneuyvanbHas
mycTta mydTa
Hbonne Eucoiyo HwWIl*o Bbicokue
rpynnbl - rpynnbl - dynnn - dynnu
npoy- Mpoe- npouy- HPOY-
HOCTK mMoCTU HecTn HecTn
5563 5563 5563 5563
6327 6327 QB4 637
7088 7088 6094 6581
7763 7763 6094 6581
8506 8506 6094 6581
9240 9240 6094 6581
1008 10028 B4 6581
5563 5563 5563 5563
6327 GE m 6327
7088 7088 6094 6581
7763 7763 6094 6581
8506 8506 6094 6581
9240 9240 6094 6581
10028 10028 G0 6581
6981
7815
8557
9381
10191
B2
10
20¢)
1000 .
1061 . .
397
3590 3590
4142 4142
4635 4635

(60) (61)

MpouHoCTb coeuHeHuns MMa

Ormn
M creun-
BTO sy
G0 oo
Soems VD
5563 %3
37
e
7%
B
P33
1008
58 33
67 &30
4
7%
&8
B 3D
1008
6081 @BD
7815 %
8557 %
9376 %
10186 %
7512 Zﬂ.
o 731
%D 7331
100 738
0\l 73
IIQB 733)
397
IB
43
0
5953)
(57%57)
3B

orr
OCmuy-  Cneuu-
/=) anbHasa
mydTa
I’b-b* Bbicokve
rpynnsl
npo-v-  nymy-
Ma7IU  HoCTO
5563 O3
6327 G
B 6749
T 6749
B 6749
9233 6749
1008 6749
5563 5563
6327 6327
7084 6749
7756 6749
8498 6749
9233 6749
10028 6749
6981 6981
7815 7290
gss7 (20
9376 (20
10186 7290
7512 7830
80 7830
AP 7830
1008 7830
1088l 7830
1195 7830

199
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MpogomxeHne Tabnuybl 1.3

CooTtoeTcTteyTolwmii Homep thopMy bl

M>  (54), (55). (56| (60), (61)
Mepe- MpouHoCcTb coeuHeHuns MMa
Hapyx- 19% Byt meHHas o BarTpocc Omn o
oW We-  paHHAn Ipynno ncTyccr- yacTs
anancip  STOF ava- CpOYHO- A0MUHIA Tara O6bluHas CheumansHas 06bl4-  Cneun- O6biy-  Cneuu-
ol MeTp < e ZedekT Haa  anbies  Has  anbHas
0. Mm TPY6M mydra m>hra
MM MM (Maapos3) del sC LC mydta  mydrn M>\dre  A/ydpta
PO3L6M. HioHio Eucoiyo HIO1*0 B, JIJIC HoMuo Buicokne HuHoc BoEMHE
MnNa rpynnbl - rpynrn  dynnu  rpynnbl -P/AY'BL rpynner m rpynnbi
M<e  npou- noow  mpou-  npov-  (Qu- rpouy-
a4 40CTM  HOCTM  HecTu Hectu noctu  woorrr mxtu VOO
298.45 953 27941 K55 2 125 3278 2285 4161 4161 468
298.45 11.05 278.40 K55 2 125 3783 2698 - 4801 4801 - 4@3
298.45 12.42 273.60 K55 2 125 4232 3083 - 5372 5372 - m -
B 7356 211D KB . 725 4597 B - - 53¢9) -
B4 1473 XBD Kb 2 725 4989 3R 634
298.45 953 279.41 M65 2 125 3874 2479 - 4139 - 4138
298.45 11.05 278,40 M65 2 125 4471 2953 4776 4773 -
298,45 12.42 273.60 M65 2 125 5002 3375 5343 5339 -
298,45 952 27941 M65 1 125 3874 2479 4139 - 4138
298.45 11.05 278.40 M65 1 125 4471 2953 4776 - 4773
298.45 12.42 273.60 M65 1 125 5002 3375 5343 5339
298.45 9,53 M Lg)m— 2 725 4772 2979 4821 - - 4821
298.45 :I:I.CB %4) L80 9Cr 2 725 5504 :EL 5561 - 5561
298.45 12.42 273.60 L80 9Cr 2 125 6158 4059 - 6222 6220

298,45 13.58 271.30 180 9Cr 2 125 8895

20845 1478 288,90 L809Cr 2 125 7288 - 7341
20845 o953 2Rl 18 1 725 4772 2079 4821 4821
20845 11D 2640 18D + 725 ss504 3557 5561 5561
208.45 1242 27360 L8O 1 125 8158 4059 8222 6220
298.45 1358 271.30 L8O 1 125 8895

208.45 1478 288.90 180 1 125 7288 7341
2BE o955 2ZR4 ND 2 725 arr2 4962
20845 11B 240 nso 2 725 5504 3593 5723 -

298.45 1242 273.60 2 125 8158 4108 6406 8406 6402

298,45 13.58 271.30 2 125 8895 -

z z z

® © o

o o o
i

298.45 14.78 288.90 2 125 7288 - - - 7555
298.45 9.53 279.41 125 - 4962
298.45 II.(B 276.40 1 ]25 3593 - 5723
298.45 1242 273.60 N80 1 125 8158 4108 6406 8408 6402
298.45 1358 271.30 N80 1 125 8895

298,45 14.78 288,90 N80 1 125 7288 - 7555
298.45 11.05 %4) c90 1 5 8193 3935 6027
298.45 1242 273.60 Cc90 1 5 8928 4499 6746 6742
298,45 1358 271.30 C90 1 5 7532

298.45 14.78 288.90 Cc90 1 5 8175 5448 7957
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MpogomxeHne Tabnuybl 1.3

TOO-  BHyT.
Hap)i»(- ponMmii
HbiA
MCTP CTon- ana-
,U%H kvl Metp
.MV ™ o

208.45 953 24l
B85 1Nbd 264LH0
298.45 12.42 273.60
208.45 1356 271.30
208.45 1478 268.90
20845 1B 2BA
298.45 12.42 273.60
208.45 13.56 271,30
208.45 1478 268.90
20845 11(B ZB4A
208.45 12.42 273.60
208.45 1356 271.30
298.45 1478 268.90
20845 1B 2B
208.45 12.42 273.60
298.45 1356 271.30
298.45 14.78 268.90
208.45 12.42 273.60
298.45 1356 271.30

298.45 14.78 268.90

208.45 1242 27360
208.45 1478 289D
BPH 770 IBD
IBDH 550 ITBD
BH 950 IND
3B 1D s0res
32385 124D 299.05
32385 1400 ZBH
3IBH 0 IABD
3B&H ss0 IBDH
RBH 950 ND
338 110 B
3BH 12 20®
3B3H UD XD
3B 70 IBL

pynna
rpeLuHo-
ctm

0125

AHEPEUEEE55558E

MNepe-
cayeor
pedea
(wanpos)
Ji a, 4
1 125
1 125
1 125
1 125
1 125
1 5
1 s
1 5
1 5
+ 125
1 125
1 125
1 12.5
1 5
1 5
1 5
1 5
1 5
1 5
1 s
1.
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125

MO)

Tew>-
YOCTb
Tena

TpyBU
0Qy
po3b6H.
MMa

5663
$55%
7310
7951
8629
6532
7310
7951
8629
7559
8465
9206
9991
7559
8465
9206
9991
9619
10462

11354

10874

2110
2323
2588
2982
3347
3760
2897
3190
3554
4095
4597
5163

2897

154), (55). (56|

sC LC

4189

4788

5804
K47

4744

5745
4826

5523

4828

5523

6207

6685

7925

1914
2193

2635

FOCT P 54918—2012

CcoToeTCT&yTOLMIA HoMEp thopMy bl
(60) (61)

MpouHoCTb coeguHeHve. MMNa

BatTpocc OTTwu OT"_

OCuu- Cneuyn- O6bI4-  Cneuu-

O6blyHasn CneuvanbHas annSl e anoran
Mycpra mydra nydpTto Myvpru Mydyna u, dra
Heomne Eucoiyo Bucckna HoNyx* Beicokue Bswe
rpynnbl - rpynru ‘pyn MM cynnu rpranu rpynns rpynnel
npou- npo- 1004-  rnoouy-  NPOV-  opOuy- npo-v-  rpoy-
HoCTn MOCTU  HecTun Hectm  Accmu  wuexxno  MXITIU  mMoxTo
5641
6506
7278 - 7278
8590
6344
7101 7097
8376
7457
8348 8348 8342
9845
7457
8348 8348 8342
9845
9227 9223
10885
9927
1716
2641 2641 ~
2942 - 2942
3390 . 3390
3804 3804
4273 4273
3436 3436 3436
3828 3828 3828 3829
4412 4412 4412 4412
4950 4951 4950 4950
5561 5561 5561 5562

201
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MpogomxeHne Tabnuybl 1.3

Hapyx-
HbWA
IN1bCIP
0. Mv

T00-
LLKM
CTOM-
avl.
MM

9 50

9.50

1@
28]
4@
950
9,50
nm
»rLH
4@
950
9.50
nm
»rLH
4@
9.50
9,50
11
124
4@
89
99
nmw
20
4@
9.50
nm
120
4@
9.50
nw
240
4@

9.50

nm

BHyT.
pevimunii
ana-
meTp <
MM

309 95
304.95

30» 95

200
268
JBH
IAH
LB
200
X568
309.95
304.95
30».95
299.05
295.95
309.95
IAD
LB
299.05
295.95
309.95
304.95
30».95
299.05
295.95
304.95
30».95
299.05
295.95
304.95
30».95
X006
295.95

304.95

&S

Ipynno
CPOYHO-
ctm

«95
«95
£80 90
£8090
£80 90
£80 90

£80 90

th

80

th
©
o

th

80

th
®
o

BBEEB8E88E88

Mepe-
MeHHas"
uctyecrt-
uchhuh
JL0cKT
(manpos)

=
S
S
L

P RPRPFRPERPRPEPDNNNNRERPRPERPRPERNNNNNRRPRPRERERNNNMNNNMNNNNDNDS
a1

MO)

Tou-
HOCTb
Tera
Tpy6U®
BO]

pB3KO6M.

Mna

3190

3554

4132

4597

5193

3771

4202

4841

5434

9103

3771

4202

4841

5434

9103

4949

5179

9017

9994

7519

4949

5179

5995

9994

7519

5179

5995

9994

7519

5179

9017

9994

7519

5923

9710

(54), (55). (561

sC LC

2599
3084
3500
4008
2239
2599
3084
3500

4008

3092

3758

zbSG

BatTpocc
O6blYyHasn CneuvanbHas
mycta mydTa
HioHo Eucoiho HKOIMO B,. TJIC
rpynnbl - rpynnbl - dynnu  rpynibl
npon- npoy-  -TOOH. npay-
*octn HOCTU  HecTn HecTn
3945 3945
4395 4395
5094 5094
5983 5983 -
9384 9384
4422
5099
5719
9423
4422
5099  —
5719
9423
5173
5992
9990
7515
4944
5173
5992
9990
7515
5313 5313
9122 9122
9871 9872
7717 7717
5313 5314
9122 9122
9871 9872
7717 7717
5923
9480

CooTtoeTcTteyTolwmii Homep thopMy bl

(60), (61)

MpouHoCTb coeguHeHne. MMNa

Ormn

C<5bn- Cneuu-
Mg anbHes
M>Tp™

HIWE Boicokve

npov-
>QCHTLL

3945

4395

5094

5683

6384

4422

5096

5719

6423

4422

5096

5719

6423

4644

5173

5962

6690

7515

4644

5173

5962

6690

7515

5313

6122

6871

7717

5313

6122

6871

7717

5623

6480

4

3

armr

O6bI4-  Cneuu-
Hee anbHas
M>h,7M  Mydta

Bbicokvie
| .rpynnb!
rpouy-

mxtU 1oClO

4395
5094
5983

6384

4422 -
5096
5719

6423

4422
5096
5719

6423

5173
5962
6690
7515
4644
5173
5992
6690
7515
5313
6122
6871
7717
5313
6122
6871
7717
5623

6480



MpogomxeHne Tabnuybl 1.3

Hapy»x-
HbWA
VaMCTp
0. Mv

323.85
32385
323.85
323.85
323.85
32385
323 85
323.85
32385
32385
32385
323.85

323.85

339.73

339.73

TOO-  BHyT.
KM poumuii
cToii- ava-

kvl Metp

MV MM

124D 299 05
83 30685
99 30485
1M 30185
124D 299 05
4@ 20585
9 NH
11» B
1240 200
83 30685
93 30485
1D 30185
1240 29905
140 205 85
83 IBDH
9 NH
1® 0B
1240 29905
4D 6%
9 NUNH
1nm®» 3B
124D 299.05
140 295 85
9 NUEH
1 B
1240 20
40 3B
8.38 322.96
965 30
10902 31788
1219 3534
136 3360
g3 2B
965 320.42

1092 317.88

pynna
rpeLuHo-
ctm

Cc90
R 95
R 95
R 95
R 95
R 95
795
795
795

J55

J55

MNepe-
mcuuna’
uckyccr-
acHUMIA

[Lledexr

(manpos)

o
s
I
e

o

25
125
25
125
25

PRRRRRRRPR®?

25
5
125
5
125

PR

[

PR RPRRREPRPRPRRPRRRER-*
(&2}

5

5

5

5

5

5
1 5
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125

MO)

Tou-
HOCTb
Tena

TpyBU
Qo3

po3b6U.

Mna

7531

5513

6142

7076

7943

8922

6142

7076

7943

6380

7108

8191

9192

10325

6380

7108

8009

9192

10325

8083

9315

10453

11741

8721

10049

11278

12668

2406

2760

3112

3460

3697

3522

3795

4278

154), (55). (56|

sC

3649
4386
4979
s AL
e 51%!
4343
4930

3672

5056
5740
6573
3672
4207
5056

5740

6458

7395

6961
7971
1433

1921
2287

2647

LC
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CCIOTOETCT&YTOLLW HOMeEp thopMy bl
(60) (61)
MpouHoCTb coeguHeHve. MMNa

BatTpocc O arr

06bIyHas CroumansHaa o Creuu- - OCbiy- Ceuy-

onMao » albHas

Mmydra mydra Vﬁa Kychurun Lﬂj]'a NoTa
Hbonne BbiCOKO HWIL*O Bucokvs H)LKLO

Bexe Bexe
rpynnbl - rpynr-u dynnu  ynnu IIJ'ITVI %' -V/VYU- l'pyTbl
y-

npoy- npoy- MPO4- MPOY  npov- npo-v- rpou-
HocTn HOCTU  HecTu HectM  noetu MXI71U  HoeTe/

7272 7272 7272
5440

6060 - 6060 6060

6983 - 6983 6983

7837 7837 7837

8802 8802 8802

5920 5920 5920

6822 6822 6822

7656 . 7656 7656

6238 6238 - 6238

6950 6950 6950

8009 8009 . 8009

8988 8988 8988 8988

10096 10097 10097 10097

6238 6238 6238

6950 6950 6950

8009 8009 8009

8988 8988 8988 8988

10096 10096 10096 10096

7702

8875

9960 9960 9960

11187 11187 11187

8291

9554

10722 10722 10722

12043 12043 12043

3097 3097

3491 3491

3882 3882

4148 4148

4045 4045 4041

4560 4560 4555
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MpogomxeHne Tabnuybl 1.3

CooTeeTcTeyToLmin Homep hopmMynbi

no»  (54), (55), (56| (60), (61)
Mepe- MpouHoCcTb coeuHeHuns MMa
Hapyw. 100 BT menHas' L . BarTpocc Ol orr
Hoi . pe:’;‘i‘“ [y P Hecte C6muy-  Cneuym- O6biy-  Cneum-
ATMCT C;:T- Mirp< rpiﬁ:‘o- Z%M»? rera OOkl Crieuuantias «@p  anbHas  Hee  anbHas
O-M S wm (Hanpe3) T‘(’jyeﬁl"‘ sc  Lc wydra mybra MydbTa  Myvpru mydta  */,dTa
pe3bou. Huzam* Eucoiho Hu-nMo B* Q004 Hu,D Bbicokune H/l\WBblcokme
MMa rpynnbl - rpynnbl - dynnu  Mpynnbl rpynnsl  rp/ryW rpynnsi
i an 4 MPOY- npoy- noouy- npouy- npov- <PO4 npov- cpou.
HOCT HOCTU  HecTu HectTm  noctm HOCIMW - «xTun 1oCIO
339.73 12.19 315,34 J5S 2 12,5 4757 3004 5071 5071 5065
3R 130 33D 355 2 125 5077 3242 - 5412
Ep 14CD 3]_1.2 355 2 12.5 5427 3503 - - - 5785
P2 BD IBR 355 2 725 5944 - 6336
@p B.3a :Q% }S 2 12.5 3522 m -
339.73 9.85 320.42 K55 2 125 3795 2432 - 4615 4615 4610 -
339.73 10.92 317.88 KS5 2 125 4278 2815 5202 5202 5196
339.73 12.19 315,34 K5S 2 12.5 4757 3195 5784 5784 5778 -
3072 1306 z1360 KS 2 125 5077 3448 . 8174
3P2 40 A2 KS 2 125 5227 3725 . 6599
3072 540 IBPX KB 2 125 594 . 7228
339.73 9.65 320.42 M85 2 125 4485 2677 4877 - - 4673
339.73 1092 317.88 M85 2 12.5 5056 3098 5272 - 5267
339,73 12.19 315.34 M65 2 125 5622 3516 - 5883 5857
339.73 9.85 320.42 M85 1 125 4485 2677 4877 4673
339.73 10.92 317.88 M85 1 125 5056 3098 5272 5267
339.73 12.19 315.34 M85 1 125 5622 3518 5883 5857
33972 965 AL 180 A 2 125 ss521 3203 5481 5481
Qn 10@ 317.8 L80 9Cr 2 ]25 8223 373» 6178 8178
339.73 12.19 315.34 L80 9Cr 2 12.5 8919 4238 6872 6870
339.73 13,08 313,80 L80 9Cr 2 12.5 7390 4578 7340 7341
392 14(1) 3]].2 La)m- 2 12.5 7904 4945 7847 N
@p M 33% Lg)m- 2 12.5 8857 5489 8594 - -
IPR2 965 AL 180 1 125 5521 3223 5481 5481
A2 0P 7B 180 1 125 6223 3731 6178 . . 8178
339.73 12.19 315,34 L80 1 125 6919 4238 6872 6870
339.73 13.06 313.60 L80 1 12.5 7390 4576 7340 7341
32 40 3172 B 1 125 7904 4945 7847
392 ]54) 308.92 Lﬁ) 1 725 8657 5489 . 8594
392 9.65 @Q N80 2 725 5521 :E 5621 5621 5621
392 10.92 3].7&5 N80 2 12.5 8223 372 6338 6336 6336
339.73 12.19 315.34 N80 2 12,5 8919 4284 7051 7051 7046
339.73 13,06 313.80 N80 2 125 7390 4828 7531 7531 7529
339072 1AM 3172 w~so 2 125 7904 4999 847 s0a7 8047
A2 965 DL nso 1 125 5521 3259 5621 5621 5621
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Hapyx- Ton- BHyT-
oW Ly~ PeHHMiA Ipynna
cron- ana- rpeLuHo-
'U'gm\:ﬂp wl Metpa. cm
’ MM MM

339.72 J0.92 3»7.88 N8O
330.73 1219 31534 N8O
339.73 1306 313.60 N8O
33972 mn.oo 3]_1,2 ’\H)
330.72 A6 L coo
330.72 10P 3766 coo
339.73 1219 31534  C90

330.73 13.06 313 60  C90
339.72 965 AL  Res
339.72 j0.92 JI7B5  Res
330,73 1219 31534  R95
339.73 1306 313.60  R95
33072 1AM 372  ros
33072 1540 sBP  ros
P2 96 L ros
P2 0P A7 ros
330.73 1219 31534  T95
330.73 1306 31360  T95
330,73 1219 31534  P110

339.73 13.06 313.60 P110

330 72 1A su.72
330 72 1540 JBP

339.73 1219 315 34 P110

EE

339.73 13.06 313.60 P110

33972 4M 31172 PLO
3R72 1540 IBP PO
339.73 13.06 313.60 Q125

330.72 J3.06 31360
33072 140 31172
330 72 1540 JBP
35,00 900 333
35,00 1000 BLAD
3s».00 1100 3O
3s» 00 1200 37
3500 9 3BAO

pEaBERRE

Mepe-
veuaral
ucryecr-
eomumin
fecext
(Happea)
KMoy 4
1 125
1 125
1 125
» 125
r 5
1 s
1 5
1 5
| 125
» 125
1 125
1 125
» 125
1 125
1 s
15
1 5
1 6
1 125
1 125
1 125
1 125
1 5
1 5
| 5
1
1 5
I 5
1 5
1 5
2 125
2 125
2 125
2 125
2 125

Tesy-
mecTe
Tene
Tpysu
6e>

perb6u.

Mna

6223

6919

7390

7904

6211

7001

7784

8314

6551

7385

8212

8774

9379

10272

6551

7385

8217

8776

9514

10161

10854

11888

9514

10161

10854

11888

11547

12458

13316

14585

3663

4058

4451

4841

3663

154), (55). (56]

sC

3772
4284
4628
4999

3576

4700
5078
3804

4998
5402
5836
6479
3769
4382
4956
5354
5767
6231
6730
7470
5767
6231
6730
40
7008
7557
8»64

9063
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CooTtoeTcTteyTolwmii Homep thopMy bl
(60) (61]

MpouHocTn coeguHeHve. MMNa

BatTpocc OTTu OT"_

OCuy-  Cneuyn- O6bly-  Cneuu-

O6blyHasn CneumnanbHee
vae  anm-ed  Hee  anbHas
Mycpra mydra n>h.Tm - Mmycurn *> h1a
HIO*Y*r Eucoiyo HW1l*o Bucokus HoMUQ BbICOKOO Bbicokvie
rpynnbl - rpynr-n - dynnu - dynnu rpynnel |

npoy- npoy- npay- MPOY4  npov- TpoY- npo-v- rpou-
HoCTU HOCTU  HecTu Hectm  >CCMIU  uwexxno  MXITIU  wocTo

6336 6336 6336
7051 7051 7046
7531 7531 - 7529 -
8047 8047 - 8047
5968 5968
6728 - 6728 -
7486 7481
7995 7994 -
6424 - 6424
7242 - 7242
8053 8053
8605 - 8605
9197 - 9197
10074 10074
6284 6284
7084 7084
7882 7877
8418 8417
9249 9249 9240
9878 9878 9874
10554
11559 -
9249 9249 9240
9878 9878 9874
10554
11559
10956 10956
:I:IHS 11796
12609
13810
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MpogomxeHne Tabnuybl 1.3

Hapyx-
HbWA
IN1bCIP
0. Mv

403.40
406,40
406,40
406.40
406.40
406.40
406.40
406.40
406.40
406,40
406.40
406.40
406.40
406.40
406.40
406.40
406.40
406.40
406.40
425.45
425.45
425.4S
425 45

425.45

206

TOO-
vz
cTom-

MM

nw
2m
9@

nm
2®
@

nm
2@
9.53
11.13
12.57
16,66
11.13
12.57
16.66
11.13
12.57
11.13
12.57
16,66
16.66
16,66
16.66
16.66
16.66
16,66

16,66

8
89D

no

BbyT.
paHHuiA
ana-
mMeTp <
MM

300
K27(00)
359.00
357 00
355.00
353.00
359.00
357.00
355 00
353.00
387 40
384.10
381.30
373.10
384.10
381.30
373.10
384.10
381.30
384.10
381,30
373.10
373.10
373.10
373.10
373.10
373.10
373.10
373.10
409.45
407.65
405.45
402.45

405.45

Ipynna
rpeLuHo-
ctm

=

55

~

S5

=

55

ARBaEEEH

I

40

o

55

o

55

J55

=

55

K5S

KS5

M65

1165

M65

L80 9Cr

N80

N80

(9]

95

P110

P110

o
ey
N
a

HS555

Mepe-
(Manpo3)
an 4
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
2 125
1 125
1 125
2 125
1 125
2 125
1 125
1 125
1 125
1 0s
15
2 125
2 125
2 125
2 125
2 125

MO)

Teky-
YyecTb
Tera
Tpy6U®
6e3

pesbobl.

Mna

4058

4451

4841

3941

4368

4791

5212

3941

4368

4791

5212

3275

5239

5899

7736

5239

5899

7736

6191

6971

6191

6971

11252

11252

11252

11252

13362

15472

15472

17582

2894

3213

3800

4126

4944

(54), (55). (55]

sC

1952

3159

3636

3343

3848

3700

4259

3700

4259
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CooTtoeTcTteyTolwmii Homep thopMy bl

(60), (61)

MpouHOoCTb coefuHeHHa. MMa

BarTpocc
O6blyHasn CneuvanbHas
mycta mydTa

Husom Bucoiho Hwvo BKameo Hww swicokne
| rpynne

rpynnb!
MPOY-
HOCT

5337

6010

5920

6665

6202
6983
6202

6983

4970

rpynnbi
npou-
HOCTU

5337

6010

5920

6665

4970

dynnu
nooy-
HecTu

rpynmb!
npay-
HecTn
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@Vf Cneun- O6bly-

!

nnbHes

armr
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BbICOKMe

rpou.

1oCIO
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Hapy)K-
HbWA

goisl

473.08
473.08
473.08
473.08
473.08
508,00
508.00
508,00
508,00
508.00

508.00

T00-
LLKM

cToii-

MM

BHyT.
ponnnii
ana-
meTp

MM

11 403.45
1D 402.45
120 20145
100 405.45
1@ 403.45
13 402.45
120 s01.45
15 40245
15 40245
10 405 45
11D 403.45
120 20145
10 205.45
1D 403.45
12 20145
10 405.45
@D 403.45
1200 40145
10® 405.45
11D 403.45
120 20145
10@ 405.45
11 403.45
120 40145

11.05

11.05

11.05

11.05

11.05

11.13

11,13

12.70

18.13

11.13

12.70

450.98
450,98
450.98
450.98
450.98
485.75
485.75
482.80
475.70
485,75

482.60

Fpynna
rpeLHo-

aeadBy

=

58

Jues

B

R R RRERERNNNRERRRERNNMNNRENMNNNNDNNDNDNP

L80 9Cr

L80 9Cr

180 9Cr

[

80

’_
©
o

’_
©
o

BBEE8BE

«95

«95

«95

T

40

J55

K55

H40

J55

J55

MNepe-
blvmnaa'
uckyccr-
eomumi

[Llechext

(manpos)

o
S

a, 4

25
5
125
25
125
125
25
25
25
125
5
125
25
125
125
125
125
5
125
125
125
125
25
25

125

N

2 125
2 125
1 125
2 125
2 125
2 125
2 125

2 125

MO)
Tac).
mocTe

TpyBU
BO]

ps3ebu.

Mna

5425

5885

5904

4944

5425

5865

5904

8897

8697

7201

7902

8599

7201

7902

8599

7201

7902

8599

7201

7902

8599

8545

9378

10204

4423

8081

8081

7187

7187

4789

8585

7494

9451

8585

7494

154), (55). (56|
sC LC
2488
3354
3532
3931
3931
2583 2992
3484 4032
4080 4899
5301 8138
3881 4247
4288 4949
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CCoTOOTCT&YTOLLMIA HOMEP thopMy bl

(60) (61)

MpouHoCTb coeamHeHus. MMa

HW1l*o Bucokus H)M\/D B:IID({E
‘pynnu  dynnu rp'ITl/I 1

Y-

Bartpooc
OCbMHas CneyvanbHas
mycrta mMydTa
Heonne Bbicoko
rpynnbl - rpynny
npou- npo4-  MOOY4  MPOY4
HOCTU ~ HOCTM  HecTu  HecTn
5454 5454
5938 5938
5485 5465 —
5997 5997
8528 8528
8888
7558 -
8226
6888
7558
8228
7010 7010
7892 7892
8371 8371
7010 7010
7892 7892
8371 8371
8104
8893
9878
5909 5909
8349 6349
8904 -
8904
8237 6237
7097 7097
8951 8951
8578 8578
7488 7488

o7
G]/H Cneun- O6bly-

npov-
JIOCLLn

oMo

armr

Hee

Kythurn mydra

Mpo-\-
MXI71U

Cneyu-
anbHas
*/,®dT1a

rpouy-

1oCIO
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OkoH4YaHue Tabnnuybl 1.3

CooTtoeTcTteyTolwmii Homep thopMy bl

MO)  (54), (559). (561 (60), (61)
Mepe- MpouHOCTb coefuHeHHa. MMa
Hapyk- 0% BryT- MeHHas To.y- Banpecc Omn arr
i peHH Ipynna ucTyccT- yecTh
anametp CTOiA- ana- CPOYHO- aoMUbI Tera 06bIuHas CneunansHas OBJ(? 06mu.  Cneum-
O v ML Mepo ctm nedext 6 Mycra mydTa vas  dHEH e anbpas
: MM MM (Hagpes) TpByaibl SC LC myhTa  KVp.7U VL N
pesb6hbl. HioHio BbICOKO HWlno BﬂI%QWI:ﬂ! Bwiovo BbICOK/E
MnMa rpynnbl  rpynnbl  rpynn*  rpynnbl PAYYA rpynnbl  rp/Tanbl  rpynnbl
H: npon- npoy-  noay- noay-  npov- <7TpO4 npov- My>0u.
an 4 *ocT™M HOCTM MOCTU MOCT  MXTU MocTu MXTUN MocTy
508.00 16.13 475.70 K55 2 125 9451 5571 6462 9441 9441
508,00 11.13 485.75 M65 2 12.5 7783 4085 4727 7308
508,00 12.70 482.60 M65 2 12.5 8856 4760 5508 8316 - -
508,00 11.13 485,75 M65 1 125 7783 4085 4727 7308 -
508.00 12.70 482.60 M6S 1 125 8856 4760 5508 8316

MpumeyvyaHuns

1 PacyeTHble nokasaTenu B HacToswell Tabnuue ykasaHbl Ansi aKcnayaTauum Tpy6, COOTBETCTBYIOLMUX Tpe-
60BaHuAM FOCT P 53366. B 06bI4HOW OKpyxatwLieli cpege. dkcnayarayma Tpyb B ApYroil cpefe MoOxXeT notpe6o-
BaTb [ONO/IHUTENLHOrO aHanu3a, Hanpumep ONWCaHHOro B NpUIOXeHun D.

2 MepBblii MACCUB faHHbIX A1 KaXAOro pa3Mepa rpynn npo4yHocTu M65u N80 oTHocuTcAa k Tpy6am. He
noAsBepraemMbix* 3akafike ¢ OTNYCKOM, BTOPOI MaccusB faHHbIX — K Tpy6am, noAgsepraeMbiM 3akaske c oTnyc-

KOM.

3 MepBblii MAaccuB AaHHbIX ANS KaXAOro pas/nepa rpynnbl npoYHocTu P110 oTHOCUTCA Kk Tpy6am, noa-
BEpraemMblM KOHTPO/IO C NCKYCCTBEHHbIM fed ekTOM rny6uHoin 12,5 %, BTOpOii MaccuB AaHHbIX — k Tpy6am,
noaBepraeMbliM KOHTPO/ C UCKYCCTBEHHbIM Aed ekToM rny6uHoin 5 %.

4 O603HauveHue L8O BkntoyvaeT rpynnbl npoyHoctn L8O Tn 1 n L8O Tmn 13Cr.

5 MpOYHOCTb HEKOTOPbIX COeAUHEHWI Bbille npefena TekyyecTu Tena Tpyo.

6 Ana ob6cagHbix rpy6 M65 Tpebytotcs MydpTbl L80. AnA o6cagHbix Tpy6 J55 n K55 mydtamn 6nmxaiiwei
60/1ee BbICOKOW rpynnbl NPoYHOCTM ABNATCS MydTbl L80. Ans o6canHbix Tpy6 N80 nocne 3akankuM v oTnycka
MydTamu 6avxaiiliein 6onee BbICOKOW TPYNMbl MPOYHOCTM ABAATCA MydTbl P110. Ansa o6cafHbix Tpyo P110 myd-
Tamn 6nmnxaiiwelt 6onee BbICOKONW Tpynnbl NPOYHOCTH sSiBAAOTCA MydTol Q125. ina Tpy6 Apyrux rpynn npoyHOCTM

MyhTbl 60/1€€ BbICOKOW Fpynmbl NPOYHOCTY HE NPeAyCMOTPEHbI.
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FOCT P 54918— 2012

Ta6nuuyalb— PacueTHble NokasaTen HACOCHO-KOMNPECCOPHbIX TPYG N NX COEAVNHEHWI NPU OCEBOM PACTSHKEHWN
CooTaeTcToylWMUN HOMEDP (OPMYbI

Hapy* Mepemennaall — (10) <89) (64) (64) (63) (64)  (60). (61)

Tonum-  BHyT- NCKYyCCTBEH

MAB e pewswn  TPYRMA T MpounocTs coepunenun. Mla
M:LTMpa o, ”15:';” A':‘MMEJP npo:MHoc" (nagpes) Texy- Tpy6bl ¢ pesb6oii u MydToii
" dects EU

Tena Hi O6bluHas Cneuuans- e e e

TPyGH MypTa Has my¢Ta
26.67 2.87 20.93 H40 2 12.5 59,2 28.5 59,2 — — — —
26.67 391 18.85 H40 2 12.5 77.0 — 77.0 — — — —
26.67 2.87 20.93 J55 2 12.5 81.4 38.7 81.4 — — 81.3 —
26.67 391 18.85 J55 2 12.5 105.9 _ 105.9 _ — — —
26.67 2.87 20.93 K72 2 12.5 105.3 - - - — 105.3 —
26.67 2.87 20.93 L8090 2 12.5 118.3 56.5 118.3 — — — —
26.67 391 1885 L8090 2 12.5 153.9 - 153.9 — — — —
26.67 2.87 20.93 L80 1 12.5 118.3 56.5 118.3 — — — —
26.67 3.91 18.85 L80 1 12.5 153.9 — 153.9 — — — _
26.67 2.87 20.93 N80 2 12.5 118.3 56.5 118.3 — — — —
26.67 3.91 18.85 N80 2 12.5 153.9 — 153.9 — — — —
26.67 2.87 20.93 N80 1 125 118.3 56.5 118.3 — — — —
26.67 391 18.85 N80 1 12.5 153.9 — 153.9 — — — —
26.67 2.87 20.93 C90 1 5 1334 63.6 1334 — — — —
26.67 3.91 18.85 C90 1 5 173.5 — 173.5 — — — —
26.67 2.87 20.93 T95 1 5 140.6 67.2 140.6 — — — —
26.67 391 18.85 T95 1 5 182.8 — 182.8 — — — —
26.67 3.91 18.85 P110 1 12.5 211.7 — 211.7 — — — —
26.67 3.91 18.85 P110 1 5 211.7 — 211.7 — — — —

33.40 3.38 26.64 H40 125 88.1 48.9 88,1 — — — —

33.40 4.55 24.30 H40 125 1139 — 113.9 — — — —
33.40 3.38 26.64 J55 125 121.0 67.2 121.0 — 67,0 120.8 —
33.40 3.50 26.40 J55

2

2

2

2 125 1245 — — — 70.8 124,5 —
33.40 455 24.30 J55 2 125 1561 — 156.1 — 102,5 156,2 —

2

2

2

2

33.40 3.50 26.40 K72 125 1613 — — — 91,7 161,3 —
3340 3.38 26.64 L8090 125 1757 97.4 175.7 — 97.6 175.9 —
3340 350 26.40 L8090 125 1814 — — — 103,1 181.4 —
33.40 455 2430 L8090 125 2273 — 227.3 - 149.2 227.5 —
33.40 3.38 26.64 L80 1 125 1757 97.4 175.7 — 97.6 175.9 —
33.40 3.50 26.40 L80 1 125 1814 — — — 103,1 181.4 —
33.40 455 24.30 L80 1 125 2273 — 227.3 — 149.2 227.5 —
33.40 3.38 26.64 N80 2 125 1757 97.4 175.7 — 97.6 175.9 —
33.40 3.50 26.40 N80 2 125 1814 — — — 103.1 181.4 —
33.40 4.55 24.30 N80 2 125 2273 — 227.3 — — 227.5 —
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Hapy*
Nl it
ana

metp D.

Mun

33.40
33.40
33.40
33.40
33.40
33.40
33.40
33.40
33.40
42.16
42.16
42.16
42.16
42.16
42.16
42.16
42.16
42.16
42.16
42.16
42.16
42.16
42.16
42.16
42.16
42.16
42.16
42.16
42.16
42.16
48.26
48.26
48.26
48.26

Tonuwmn- BHyT-
Ha penunii  Fpynna
cTeHkn pguametp MPOUHHOE
1 Mm d, Mm ™
3.38 26.64 N80
3.50 26.40 N80
4.55 24.30 N80
3,38 26.64 C90
4.55 24.30 C90
3,38 26.64 T95
4.55 24.30 T95
455 24.30 P110
455 24.30 P110
3,18 35.80 H40
3.56 35.04 H40
4.85 32.46 H40
3.18 35.80 J55
3.56 35.04 J55
4.85 32.46 J55
3.56 35.04 K72
3.56 35.04 L80 9Cr
4.85 32.46 L80 9Cr
3.56 35.04 L80
4.85 32.46 L80
3.56 35.04 N80
4.85 32.46 N80
3.56 35.04 N80
4.85 32.46 N80
3.56 35.04 C90
4.85 32.46 C90
3.56 35.04 T95
4.85 32.46 T95
4.85 32.46 P110
4.85 32.46 P110
3,18 41.90 H40
3,68 40.90 H40
5.08 38.10 H40
3.18 41.90 J55

MepemeHHat’

MNCKYCCTBEH-
Mblli gedekT

(Happes)

N NN N NN NN R

[iN

N N

N ONNN R R

12.5
12.5
125

12.5

125
12.5
12.5
12.5
125
125
125
125
12.5
125
12.5
125
12.5
125
125

12.5

125
12.5
12,5
12.5

no>

Teky
yecTb
Tena
Tpy6 bl

175.7
181.4
227.3
197.9
255.8
208.6
270.0
312.7
312,7
107.2
119,2
156.6
147.7
163.7
2157
212.0
238.0
313.6
238.0
313.6
238.0
313.6
238.0
313.6
267.8
352.7
282.9
372.3
431.0
431.0
1241
1423
189.9
170.4

(63)

(64)

(64)

FOCT P 54918— 2012

CoOTBeTCTBYW W NI HOMEpP DOpPMY/bl

(63>

MpoyHoCTb coefuHeHus. MMa

Tpy6bl ¢ pe3b6oii u mydToit

NU

137.9

137.9

137.9

155.2

164.1

O6bluHan
My Ta

175.7

227.3
197.9
255.8
208.6
270.0
312.7
312.7

119.2
156.6

163.7
215.7

238.0
313.6
238.0
313.6
238.0
313.6
238.0
313.6
267.8
352.7
282.9
372.3
431.0
431.0

142.3
189.9

[=V)

Cneuvnans-
Haa mydTa

HKT

97.6
103,1

109.8

115.8

1231
138.4
213.9
138.4
213.9
138.4

138.4

155.7

164.3

(64)

HKTB

175.9
181.4
2275
197.9
204.1
208.7
270.0
312.4
312.4

211.9
238.2
313.6
238.2
313.6
238.2
313.6
238.2
313.6
268.0
352.8
282.6
372.2
430.7
430.7

(60). (61)

HKL,
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Hapy*
nbl it
Ana

mMeTp

mMun

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48.

48
48
48
52
52
52

52

228

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

26

.26

.26

.26

.40

.40

.40

.40

D.

Fpynna

cTeHkn pguametp MPOUHHOE

Tonwm BHyT-
Ha peHHnit
1 mm d, mm
3.68 40.90
4.00 40.26
5.08 38.10
4.00 40.26
3.68 40.90
4.00 40.26
5,08 38.10
6.35 35.56
7.62 33.02
3.68 40.90
4.00 40.26
5,08 38.10
6.35 35.56
7.62 33.02
3.68 40.90
4.00 40.26
5.08 38.10
3.68 40.90
4.00 40.26
5.08 38.10
3.68 40.90
5.08 38.10
6.35 35.56
7.62 33.02
3.68 40.90
5.08 38.10
6.35 35.56
7.62 33.02
5.08 38.10
5.08 38.10
3.96 44.48
5.72 40.96
3.96 44 .48
5.72 40.96

™

J55

J55

J55

K72

L80 9Cr

L80 90

L80 90

L80 90

L80 90

L80

L80

L80

L80

L80

N80

N80

N80

N80

N80

N80

c90

Cc90

c9o0

T95

T95

T95

P110

P110

H40

H40

J55

J55

MepemeHHasn'

MNCKYCCTBEH-

Mblli gedekT
(wappea)

SH.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

[N
N

[N
N

o oo oo oo o o1 a

12.

12.

12.

12.

12.

HO>

Teky
yecTb
Tena
Tpy6b

195.3
210.7
261.1
272.9
284.2
306.9
379.9
461.3
536.4
284.2
306.9
379.9
461.3
536.4
284.2
306.9
379.9
284.2
306.9
379.9
319.8
427.5
518.6
603.6
337.6
451.5
547.5
637.4
522.6
522.6
166.4
231,3
228.6

317.6

(63)

CooTBeTCTBYlO WU HOMep (hopMmynbl

(64)

(64)

(63>

MpoyHOCTb coegnHeHun. MMNa

Tpy6bl ¢ pe3b6oii nu mydToit

NU

116.5

O6bluHan
My Ta

195.3

261,1

284.2

379,9

284.2

379,9

284.2

379.9

284.2

379,9
319.8

427.5

337.6

451,5

522.6

522.6

EU

Cneunans-
Haa mydTa

HKT

116.6

132.0

170.9

169.7

192.2

169,7

192.2

169.7

192.2

169.7

192.2

(64)

HKTB

195.2

210.7

272.9
284.4

306.9

284.4

306.9

284.4

306.9

284.4

306.9

(60). (61)

HKL,
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CoOTBeTCTBYW W NI HOMEpP DOpPMY/bl

MepemeHHat’

Hapy* R R no) (63) (64) (64) (63> (64) (60). (61)

MbiiA TOC:M pi:}r:;ﬁ Tpynna MMch;‘;ceT;::Ti Mpo4HoCTL coeAnHenus. MMa
M(/:rpa D. Cle:;M AV;?MMeMTp npo::oe (Hagpes) Teky Tpy6bl ¢ pe3b6oii nu mydToit

Mun 4ecThb EU HKT HKTB HKL

Tena NU O6blyHas Cneuyunans-
TPYGel MydTa Haa mydTa

52.40 3.96 44 .48 L80 9Cr 2 12.5 332,7 — — —_ — — —
52.40 5.72 40.96 L80 9Cr 2 12.5 462,1 — — — — — —
52.40 3.96 44 .48 L80 1 12.5 332.7 — — — — — —
52.40 5.72 40.96 L80 1 12.5 462.1 — — — — — —
52.40 3,96 44.48 N80 2 12.5 332,7 — — — — — —
52.40 5.72 40.96 N80 2 12.5 462,1 — — — — — —
52.40 3.96 44.48 N80 1 12.5 332,7 — — _ — — —
52.40 5.72 40.96 N80 1 12.5 462.1 — — — — — —
52.40 3.96 44.48 C90 1 5 374.,5 — — — — — —
52.40 5.72 40.96 c90 1 5 520,0 — — — — — —
52.40 3.96 44.48 T95 1 5 395,0 — — — _ — —
52.40 5.72 40.96 T95 1 5 548.9 _ — — — — —
52.40 5.72 40.96 P110 1 12.5 635,6 — — — — — —
52.40 5.72 40.96 P110 1 5 635.6 — — — — — —
60.32 4.24 51.84 H40 2 12.5 205,9 133.,9 — — — — —
60.32 4.83 50.66 H40 2 12.5 232,2 160,1 232,2 232,2 — — —
60.32 4.24 51.84 J55 2 12.5 283,3 184,1 — — 184.0 283,0 —
60.32 4.83 50.66 J55 2 12.5 318,9 219,7 318.9 318.9 220,0 319,0 269.4
60.32 5,00 50.32 J55 2 12.5 329.2 — — — 230,2 329,2 309.3
60.32 5.00 50.32 K72 2 12.5 426.4 — — — 298,2 426,4 410.2
60.32 4.24 51.84 L80 9Cr 2 12.5 411,9 267,8 — — 267,9 412.1 —
60.32 4.83 50.66 L80 9Cr 2 12.5 463.9 319,8 463.9 463.9 320,4 464.,5 —
60.32 5.00 50.32 L80 9Cr 2 12.5 479,4 — — — 335,2 479,4 414.9
60.32 6.45 47.42 L80 9Cr 2 12.5 602,3 458.1 602.3 602.3 458,1 602,2 —
60.32 7.49 45.34 L80 9Cr 2 12.5 685.9 — — — — — —
60.32 8.53 43.26 L80 9Cr 2 12.5 765.9 — 765.9 628.5 — — —
60.32 4.24 51.84 L80 1 12.5 411.9 267,8 — — 267.,9 412,1 —
60.32 4.83 50.66 L80 1 12.5 463,9 319,8 463,9 463.9 320.4 464.,5 —
60.32 5.00 50.32 L80 1 12.5 479,4 — — — 335,2 479,4 414.,9
60.32 6.45 47.42 L80 1 12.5 602,3 458,1 602.3 602.3 458,1 602,2 —
60.32 7.49 45.34 L80 1 12.5 685,9 — — — — — —
60.32 8,53 43.26 L80 1 12.5 765,9 — 765.9 628.5 — — —
60.32 4.24 51,84 N80 2 12.5 411.9 267,8 — — 267,9 412,1 —
60.32 4.83 50.66 N80 2 12.5 463,9 319.,8 463.9 463,9 320,4 464.,5 —

229



FOCT P 54918—2012

MpogomxeHne Tabnuuybl 15

Hapy*
nbl it
Ana

metp D.

mMun

60,32
60,32
60,32
60,32
60,32
60,32
60,32
60,32
60,32
60,32
60,32
60,32
60.32
60,32
60,32
60,32
60,32
60,32
60,32
60.32
60,32
60,32
60,32
60,32
60,32
60,32
60.32
60,32
60,32
60,32
60,32
60,32
60,32

60.32

230

cTeHkn pguametp MPOUHHOE

Tonwm BHyT-
Ha peHHnit
1 mm d, mm
5,00 50.32
6,45 47.42
4,24 51.84
4,83 50.66
5,00 50.32
6,45 47.42
4,24 51.84
4.83 50.66
5,00 50.32
6,45 47 .42
7,49 45.34
8,53 43.26
4,24 51.84
4,83 50.66
5,00 50.32
6,45 47.42
7,49 45.34
8,53 43.26
4,24 51.84
4.83 50.66
5.00 50.32
6,45 47.42
7,49 45.34
8,53 43.26
4,83 50.66
5,00 50.32
6,45 47.42
4,83 50.66
5,00 50.32
6,45 47 .42
4,24 51.84
4,83 50.66
5,00 50.32
6,45 47 .42

Fpynna

™

N80

N80

N80
N80
N80
c90
c90
c90
c90
c90
c90
RO5
R95
R95
RO5
R95
R95
T95
T95
T95
T95
T95
T95
P110
P110
P110
P110
P110
P110
Q135
Q135
Q135

0135

MepemeHHana!l

MNCKYCCTBEH-
Mblli gedekT
(wappea)
2 12.5
2 12.5
1 12.5
1 12.5
1 12.5
1 12.5
1 5
1 5
1 5
1 5
1 5
1 5
1 12.5
1 12.5
1 12.5
1 12.5
1 12.5
1 12.5
1 5
1 5
1 5
1 5
1 5
1 5
1 12.5
1 12.5
1 12.5
1 5
1 5
1 5
1 5
1 5
1 5
1 5

Teky
yecTb
Tena
Tpy6b

479,4
602,3
411,9
463,9
479.,4
602,3
463.5
522,2
539.4
677.4
771,7
861,6
489,0
551.2
568,9
714.6
813.,8
908,6
489,3
551,1
568,9
714.,8
814.9
909,2
637,8
658.3
827,8
637,8
658,3
827,8
694.4
782,7
807,7

1014,7

(63)

(64)

MPOYHOCTL COEAUHEHNS.

CooTBeTCTBYO WM HOMEP

(64)

Tpy6bl ¢ pe3b6oii nu mydToit

NU

458,1
267,8

319,8

458.1

301,6

359,8

515,1

317,9

380,1

543.,5

318,0

379,9

397,8

544,0

439,9

629,8

439,9

629,8

O6bluHan
My Ta

602.3

463.9

602.3

522.2

677.4

861.6

551.2

714.6

908.6

551.1

714.8

909.2

637.8

827.8

637.8

827.8

EU

Cneuvans-
Haa mydTa

602.3

463.9

602.3

522,2

677.4

706.8

551.2

714.6

551,1

714.8

746.4

637,8

827.8

637.8

827.8

hopmynbl

(63)
MMa

HKT

335,2
458,1
267,9
320,4
335,2
458,1
301,4
360,4
377,1

515,3

317,9
380,1
397,8

543,5

317,9
380,1
397,8

543.5

629.0
451.,4
539,7
564,8

771,7

(64)

HKTB

479,4
602,2
412,1
464,5
479.4
602,2
463,7
522,6
539.,4

677.5

489,0
551,2
568,9

714.6

489,0
551,2
568,9

714.,6

637,9
658,3
827,0
637,9
658,3
827.0
694,4
782,7
807,7

1014,7

(60). (61)

HKL,

414,9

609.5
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MepemeHHat’

Hapy* - _ no> 63 (64) 64 63> (64) 60). (61

i " o egee B s cossmensn, e e
M;CLTMpa D. cle’:’:“ AV;?MMeMTp npo::oe (Hagpes) Teky Tpy6bl ¢ pe3b6oii n mydToit

m e w0 Y HKT  HKTB HKL

. TpY6H O6blyHas Cneuyunanbs-
MydTa Haa mydTa

73.02 5.51 62.00 H40 2 12.5 322.5 234.9 322.5 322.5 — — -
73.02 5.51 62.00 J55 2 12.5 443.5 322.9 443.5 443.5 322.3 442.7 426.7
73.02 7.01 59.00 J55 2 12.5 550.7 - 550.7 — 430.3 550.7 562,2
73.02 5,51 62.00 K72 2 12.5 573.5 417.6 573.5 — 417.6 573.5 565.8
73.02 7.01 59.00 K72 2 12.5 713.4 557.5 713.4 — 557.5 713.4 745.5
73.02 5,51 62.00 L80 9Cr 2 12.5 645.0 469.7 645.0 645.0 469.5 644.7 547.,6
73.02 7.01 59.00 L80 9Cr 2 12.5 802.0 626.7 802.0 802,0 626.8 802.0 721.5
73.02 7.82 57.38 L80 9Cr 2 12.5 883.8 708.6 883.8 858.9 - - —
73.02 8.64 54.74 L80 9Cr 2 12.5 963.4 - 963.4 858.9 — - —
73.02 9.96 53.10 L80 9Cr 2 12.5 1088.0 — — — _ — —
73.02 11.18 50.66 L80 9Cr 2 12.5 1197.8 - - — - — —
73.02 5.51 62.00 L80 1 12.5 645.0 469,7 645.0 645.0 469.5 644.7 547.6
73.02 7.01 59.00 L80 1 12.5 802.0 626.7 802.0 802.0 626.8 802.0 721.5
73.02 7.82 57.38 L80 1 12.5 883.8 708.6 883.8 858.9 — — —
73.02 8.64 54.74 L80 1 12.5 963.4 — 963.4 858.9 — — —
73.02 9.96 53.10 L80 1 12.5 1088.0 — — - - - -
73.02 11.18 50.66 L80 1 12.5 1197.8 - - - - - -
73.02 5.51 62.00 N80 2 12.5 645.0 469.7 645.0 645.0 469.5 644.7 573.2
73.02 7.01 59.00 N80 2 12.5 802.0 626.7 802.0 802.0 626.8 802.0 755.3
73.02 7.82 57.38 N80 2 12.5 883.8 708.6 883.8 858.9 - - -
73.02 5.51 62.00 N80 1 12.5 645.0 469.7 645.0 645.0 469.5 644.7 573,2
73.02 7.01 59.00 N80 1 12.5 802.0 626.7 802.0 802.0 626.8 802,0 755.3
73.02 7.82 57.38 N80 1 12.5 883.8 708.6 883.8 858.9 - - -
73.02 5.51 62.00 Cc90 1 5 725,5 528.4 725,5 725,5 528,1 725.3 579.9
73.02 7.01 59.00 C90 1 5 902.5 705.0 902.5 902.5 705.1 902.3 764,1
73.02 7.82 57.38 c90 1 5 994.6 797.1 994.6 966.6 - - _
73.02 8.64 54.74 c90 1 5 1084.0 - 1084.0 966,6 - - -
73.02 9.96 53.10 C90 1 5 1224.1 N - - _ - _
73.02 11.18 50.66 c90 1 5 1347,3 - - - - - -
73.02 5.51 62.00 R95 1 12.5 765.1 557,1 765.1 765.1 557,1 765.1 635.3
73.02 7.01 59.00 R95 1 12.5 951,7 743.7 951,7 951.7 743.7 951,7 837.0
73.02 5.51 62,00 T95 1 5 765.5 557.8 765.5 765.5 557.1 765.1 609.6
73.02 7.01 59.00 T95 1 5 952.3 744.2 952.3 952.3 743,7 951.7 803.2
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Hapy* MepemeHHasn

e Tonuu BHYT; Fpynna  UCKycCTseH-
Ava CTEHHaKVI Ap::r::rp npo4Hoe MeA A exT
Metp Do g yy d, mm ™ (nanpea)
MU
VS
73.02 7.82 57.38 T95 1 5
73.02 8.64 54.74 T95 1 5
73.02 9.96 53.10 T95 1 5
73.02 11.18 50.66 T95 1 5
73,02 5,51 62.00 P110 1 12.5
73.02 7.01 59.00 P110 1 12.5
73.02 7.82 57.38 P110 1 12.5
73.02 5.51 62.00 P110 1 5
73.02 7.01 59.00 P110 1 5
73.02 7.82 57.38 P110 1 5
73.02 5.51 62.00 Q135 1 5
73.02 7.01 59.00 Q135 1 5
88.90 5.49 77.92 H40 2 12.5
88.90 6.45 76.00 H40 2 12.5
88.90 7.34 74.22 H40 2 12.5
88.90 5.49 77.92 J55 2 12.5
88.90 6.45 76.00 J55 2 12.5
88.90 7.34 74.22 J55 2 12.5
88.90 8.00 72.90 J55 2 12.5
88.90 6.45 76.00 K72 2 12.5
88.90 8.00 72.90 K72 2 12.5

88.90 5.49 77.92 L80 9Cr 2 12.5

88.90 6.45 76.00 L80 9Cr 2 12.5

88.90 7.34 74.22 9Cr 2 12.5

88.90 8.00 72.90 L80 9Cr 2 12.5

88.90 9.52 69.86 L80 9Cr 2 12.5
88.90 10.92 67.06 L80 9Cr 2 12.5
88.90 12,09 64.72 L80 9Cr 2 12.5
88.90 13.46 61.98 L80 9Cr 2 12.5
88.90 5.49 77.92 L80 1 12.5
88.90 6.45 76.00 L80 1 12.5
88.90 7.34 74.22 L80 1 12.5
88.90 8.00 72.90 L80 1 12.5
88.90 9.52 69.86 L80 1 12.5
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Teky
yecTb

Tena
TPpy6bl

1049.7
11445
1292.1
1422.5
886.5
1102.7
1215.2
886.5
1102,7
1215.2
1086.3
1351,3
396.3
460.8
518.6
544.9
633.8
713.0
770.2
819.9
997.8
792.6
921.6
1037.3
1121.8
1310.4
1475.8
1609.3
1759.6
792.6
921.6
1037.3
1121.8

1310.4

CooTBeTCTBYO W NI HOMeEp dopMynbl

(63)

(64)

Tpy6bl c pe3b6oil U MmyhToit

841.1

645.8

861.6

974.1

645.8

861.6

974.1

289.6

354.1

411.9

398.1

486.6

566.2

629.4

579.1

707.7

823.3

1096.0

579.1

707.7

823.3

1096.0

O6bluHasn

MydTa
1049.7

11445

886.5
1102.7
1215.2
886.5
1102.7

1215.2

633.8

770.2

819.9

1310.4

921.6

(64) (63) (64)
Mpo4yHOCTb coeAnHeHna. MMa
EU
HKT HKTB
Cneuunansb-
Haa mydTa

1019.9 — —

1019.9 — —
886.5 644.7 885.4
1102.7 860.7 1101.4

1180.9 — —
886.5 644.7 885.4
1102.7 860.7 1101.4

1180.9 — —
— 790.9 1086.3
— 1056.0 1351.3

460.8 — —
633.8 485.8 632.9
— 565.4 712.4
770,2 623.2 770.2
819.9 629.4 819.9
— — 997.8
921.6 707.6 921.8
— 823,5 1037.6
— 907.6 1121.8
1214.7 1095.7 1309.8
921.6 707.6 921.8
— 823.5 1037.6
— 907.6 1121.8
12147 1095.7 1309.8

1310.4

(60). (61)

HKL

723.7

953.5

723.7

953.5

844.5

1112.6

631,2
730,1
801.9
836.5

1062.8

812.,3
939.6
1032.1

1238.7

812.3
939.6
1032.1

1238.7
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CooTBeTCTBYLO WU HOMEP (hopMynbl

MepemeHHas!l

Mapy* _ _ no) 63 (64) 64 63 (64) 60> (61
wn " o roma e B pomaers cosmmens. e e
M;CLTMpa D. Cle:;M AIL?MMeMTP npo::oe (Hagpes) Teky Tpy6bl ¢ pe3b6oii u mydToit

MM 4ecThb EU HKT HKTB HKL,

Tena NU O6bluHas Cneunans-
Vo TPYGe! My Ta Haa mydTa

88.90 10.92 67.06 L80 1 12.5 1475,8 — — — — — —
88.90 12.09 64.72 L80 1 12.5 1609.3 — — — — — —
88.90 13.46 61.98 L80 1 12.5 1759.6 — — — — — —
88.90 5,49 77.92 N80 2 12.5 792.6 579.1 — — — — —
88.90 6.45 76.00 N80 2 12.5 921.6 707.7 921.6 921.6 707.,6 921,8 849.5
88.90 7,34 74.22 N80 2 12.5 1037.3 823.3 — — 823.5 1037.,6 982.6
88.90 8,00 72.90 N80 2 12.5 1121.8 — — — 907.6 1121,8 1079.3
88.90 9,52 69.86 N80 2 12.5 1310.4 1096.0 1310.4 1214,7 1095.7 1309.8 1295.3
88.90 5.49 77.92 N80 1 12.5 792.6 579.1 — — — _ —
88.90 6.45 76.00 N80 1 12.5 921.6 707.7 921.6 921.6 707.6 921.8 849.5
88.90 7.34 74.22 N80 1 12.5 1037.3 823.3 _ — 823.5 1037.6 982,6
88.90 8.00 72.90 N80 1 12.5 1121.8 _ — — 907.6 1121.8 1079.3
88.90 9.52 69.86 N80 1 12.5 1310,4 1096.0 1310.4 1214,7 1095.7 1309.8 1295,3
88.90 5.49 77.92 Cc90 1 5 891.8 651,2 — _ — — —
88.90 6.45 76.00 Cc90 1 5 1036.8 796.2 1036.8 1036.8 796.1 1037.0 861.6
88.90 7.34 74.22 c90 1 5 1167,2 926.5 - - 926.4 1167.3 996.7
88.90 8.00 72.90 c90 1 5 1262.0 — — — 1021,1 1262.0 1094,7
88.90 9.52 69.86 C90 1 5 1474.1 1233.0 1474.1 1366.9 1232.6 1473.6 1313.9
88.90 10.92 67.06 C90 1 5 1660.0 — — — — — —
88.90 12.09 64.72 c90 1 5 1810.3 — — — — — _
88.90 13.46 61.98 c90 1 5 1979.8 — — — — _ —
88.90 6.45 76.00 R95 1 12.5 1093.8 839.6 1093.8 1093.8 839.6 1093.8 942.,9
88.90 7.34 74.22 R95 1 12.5 1231.2 977.1 - - 977,1 1231,2 1090.7
88.90 8.00 72.90 R95 1 12.5 1331,1 — — — 1077.0 1331,1 1198.0
88.90 9.52 69,86 R95 1 12.5 1554.2 1300.1 1554.2 1442,5 1300.1 1554.2 1437,9
88.90 5.49 77.92 T95 1 5 941.6 687.7 _ _ — — —
88.90 6.45 76.00 T95 1 5 1094,7 840.7 1094.7 1094,7 839.6 1093.8 905,8
88.90 7.34 74,22 T95 1 5 1231.7 977.7 — — 977.1 1231.2 1047,8
88.90 8.00 72.90 T95 1 5 1331,1 — — - 1077.0 1331.1 1150.9
88.90 9.52 69.86 T95 1 5 1555.9 1301.5 1555.9 14425 1300.1 1554.2 1381.3
88.90 10.92 67.06 T95 1 5 1752.5 — — — _ — _
88.90 12.09 64.72 T95 1 5 1910.9 _ — — — — —
88.90 13.46 61.98 T95 1 5 2089.7 — — — — — —
88.90 6.45 76.00 P110 1 12.5 1267.2 973.2 1267.2 1267,2 971,7 1265.8 1074.6
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Hapy*  Tonuyn  Buyr- . ::E;::::::jl o>
ublii M nna
Ana CT:EKM p,pmeaH:z:p npz)':Hoe Meli Aecext
metp D. 1 wm d, mm ™m (nappea) Teky
MU 4yecTb
Tena
Tpy6bI
88.90 7,34 74.22 P110 1 12.5 1424.9
88.90 8.00 72.90 P110 1 12.5 1540.4
88.90 9,52 69.86 P110 1 12,5 1801.4
88.90 6,45 76.00 P110 1 5 1267.2
88.90 7.34 74.22 P110 1 5 1424.9
88,90 8.00 72.90 P110 1 5 1540.4
88.90 9,52 69.86 P110 1 5 1801.4
88.90 6.45 76.00 0135 1 5 1553.0
88.90 7.34 74.22 Q135 1 5 1748.2
88.90 8.00 72.90 Q135 1 5 1890.0
88.90 9.52 69,86 Q135 1 5 2206.8
101.60 5,74 90.12 H40 2 12.5 476,8
101.60 6.65 88.30 H40 2 12.5 547.5
101.60 5.74 90.12 J55 2 12.5 655.6
101.60 6.50 88.60 J55 2 12.5 735.6
101.60 6.65 88.30 J55 2 12.5 752.6
101.60 6.50 88.60 K72 953.0
101.60 5.74 90.12 L80 9Cr 2 12.5 953.7
101.60 6.50 88.60 L80 90 2 12.5 1071,4
101.60 6.65 88.30 L80 9 0 2 12.5 1095.1
101.60 8.38 84.84 L80 9 0 2 12.5 1354.0
101.60 10.54 80.52 L80 90 2 12.5 1663.1
101.60 12.70 76.20 L8090 2 12.5 1956.2
101.60 15.49 70.62 L80 9 0 2 12.5 2312.1
101.60 5,74 90.12 L80 1 12.5 953.7
101.60 6.50 88.60 L80 1 12.5 1071.4
101.60 6.65 88.30 L80 1 12.5 1095.1
101.60 8.38 84.84 L80 1 12.5 1354.0
101.60 10.54 80.52 L80 1 12.5 1663.1
101.60 12.70 76.20 L80 1 12.5 1956,2
101.60 15.49 70.62 L80 1 12.5 2312,1
101.60 5,74 90.12 N80 2 12.5 953,7
101.60 6.50 88.60 N80 2 12.5 1071.4
101.60 6.65 88.30 N80 2 12.5 1095.1
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CooTBeTCTBYWOLWMIA HOMEp hopMynbl

(63) (64) (64) (63)
MpoyHoCTb coepuHeHns. MMNa
Tpy6bl ¢ pe3b6oii n mydToit
EU
NU O6blyHaa Cneunanes- HKT
mydTa Haa mydTa

— — — 1130.8
— — — 1246.3
1507.0 1801.4 1670.2 1504.6
973.2 1267.2 1267.2 971.7
— — — 1130.8
— — — 1246,3
1507.0 1801.4 1670.2 1504.6
— — — 1192.2
— — — 1387.4
— — — 1529.2
— — — 1846.0

320.3 - — —

— 547,5 — —

440.4 — — —
— — — 520.7
— 752.6 — 536.5
— — — 674.6

640.5 — — —
— — —_ 758.4
1095.1 — 781.4

640.5 — — —
— — — 758.4
— 1095.1 — 781.4

640.5 — — —
— — — 758.4
— 1095.1 — 781.4

(64)

HKTB

1424.9
1540.4
1798.7
1265.8
1424.9
1540.4
1798.7
1553.0
1748.2
1890.0

2206.8

735.6
751.4

953.0

1071.4

1094.4

1071.4

1094.4

1071.4

1094.4

(60). (61)

HKL,

1243.0
1365.4
1638.7
1074.6
1243.0
1365.4
1638.7
1255.6
1452.4
1595.3

1914.7

731.1
750.6

968.5

943.1

968.3

943.1

968.3

985.3

1011.6
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CooTBeTCTBYWOLWMNIA HOMep hbopmMynbl
MepemeHHasn/

Hapy* _ ~ no) B3 (64) (64) 63 (64) <60>. (61
i 0" e roma e e " pomotns coommens, e, -
M(/:rpa D. Cle:;M AIL?MMeMTP npo::oe (Hagpes) Teky Tpy6bl ¢ pe3b6oii n mydToit

Mun 4yecThb EU HKT HKTB HKL

Tena NU O6blyHas Cneuyunans-
v TPYGe! mydTa Haa mydTa

101.60 5.74 90.12 N80 1 12.5 953,7 640.5 — — - — —
101.60 6.50 88.60 N80 1 12.5 — — — 758.4 1071.4 985.3
101.60 6.65 88.30 N80 1 12.5 1095,1 — 1095.1 — 781.4 1094.4 1011.6
101.60 5,74 90.12 Cc90 1 5 1072,9 720.6 — — — — —
101,60 6,50 88.60 c90 1 5 1071.,4 —_ —_ — 853.2 1071.4 1001,6
101.60 6,65 88.30 c90 1 5 1231,7 — 1231,7 — 879.1 1094.4 1028.3
101.60 8,38 84.84 c90 1 5 1523,4 — — — — — —
101.60 10.54 80.52 Cc90 1 5 1871,3 — — — — — —
101.60 12.70 76.20 Cc90 1 5 2200,9 — — — — — —
101.60 15,49 70.62 Cc90 1 5 2600,7 — — — — — —
101.60 6.50 88.60 R95 1 12.5 1131.7 — — — 899.9 1271,3 1095.3
101.60 6.65 88.30 R95 1 12.5 1271,3 — 1271.3 — 927.2 1298.6 1124.5
101.60 5.74 90.12 T95 1 5 1132,5 760.6 — — — — —
101.60 6.50 88.60 T95 1 5 1271.3 — — — 899.9 1271,3 1053.0
101.60 6.65 88.30 T95 1 5 1300,2 — 1300.2 — 927.2 1298.6 1081.1
101.60 8.38 84.84 T95 1 5 1608,0 — — — — — —
101.60 10.54 80.52 T95 1 5 1974.9 — — — — — —
101.60 12.70 76.20 T95 1 5 2323,2 — — — — — —
101.60 15.49 70.62 T95 1 5 2745,3 — — — — — —
101.60 6.50 88.60 P110 1 12.5 1471.,3 — — — 1041,4 1471.3 1248.6
101.60 6.65 88.30 P110 1 12,5 1502.8 — — — 1073.0 1502.8 1281.9
101.60 6.50 88.60 P110 1 5 1471,3 — — — 1041.4 1471,3 1248.6
101.60 6.65 88.30 P110 1 5 1502,8 — — — 1073.0 1502.8 1281.9
101.60 6.50 88.60 Q135 1 5 1805.1 — — — 1277,7 1805.1 1460.4
101.60 6.65 88.30 Q135 1 5 1843,9 — — — 1316.5 1843.9 1499.4
114.30 6.88 100.54 H40 2 12.5 640.5 464 .4 640.5 — — — —
114.30 6.88 100.54 J55 2 12.5 880,7 638.3 880.7 — 637.2 879.5 —
114.30 7.00 100.30 J55 2 12.5 893.9 — — — 651.6 893.9 897.4
114.30 7,00 100.30 K72 1158.0 — — — 844.1 1158.0 1188.4
114.30 6.88 100.54 L8O 9Cr 2 12.5 1281,0 928.3 1281,0 — 928.1 1281.0 1160.5
114.30 7.00 100.30 L8O 9Cr 2 12.5 1301,9 — — — 949.0 1301.9 1160.5

114.30 8,56 97.18 L80 9Cr 2 12.5 1568,4 — — — - — —
114.30 9,65 95.00 L80 9Cr 2 12.5 1749.8 — — — — — —

114.30 10.92 92.46 L80 9Cr 2 12.5 1956.2 — — — — — —
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Hapy*
nbl it
Ana

metp D.

mMun

114.30

114.30

114.30

114.30

114.30

114.30

114.30

114.30

114.30

114.30

114.30

114.30

114.30

114.30

114.30

114.30

114.30

114.30

114.30

114.30

114.30

114.30

114.30

114.30

114.30

114.30

114.30

114.30

114.30

114.30

114.30

114.30

114.30

114.30

236

Tonwm
Ha
CTEHKM
1 mm

12.70
14.22

16.00

9,65
10.92
12.70
14.22

16.00

10.92
12,70
14.22

16.00

10.92
12.70
14.22

16.00

BHYT-

peHHnit
anameTp
d, mm

88.90
85.86
82.30
100.54
100.30
97.18
95.00
92.46
88.90
85.86
82.30
100.54
100.30
100.5*1
100.30
100.54
100.30
97,18
95.00
92.46
88.90
85.86
82.30
100.54
100.30
100.54
100.30
97,18
95.00
92.46
88.90
85.86
82.30

100.54

Fpynna
npoyHoe
™

L80 9Cr

L80 9Cr

L80 3Cr
L80
L80

L80

L80
L80
L80
L80
N80
N80
N80
N80
c90
c90
c90
C90
Cc90
c90
c90

c90

R95
T95

T95

T95
T95
T95
T95
T95

P110

MepemeHHas'

NCKYCCTBEH-
Mblli gedekT
(nappes)
2 12.5
2 12.5
2 12.5
1 12,5
1 12.5
1 12.5
1 12,5
1 12.5
1 12,5
1 12.5
1 12.5
2 12.5
2 12.5
1 12.5
1 12.5
1 5
1 5
1 5
1 5
1 5
1 5
1 5
1 5
1 12.5
1 12.5
1 5
1 5
1 5
1 5
1 5
1 5
1 5
1 5
1 12.5

Teky
yecTb
Tena
Tpy6b

2235.6
2466.9
2725.7
1281.0
1301.9
1568,4
1749.8
1956.2
2235.6
2466.9
2725.7
1281.0
1301.9
1281,0
1301,9
1441,2
1461,6
1764.1
1968.7
2200.9
2515,3
2775,1
3066.5
1520.0
1544.8
1521.2
1544,8
1862.4
2078,1
2323,2
2655,0
2929,0
3236.8

1759.0

CoOTBeTCTBYW W NI HOMEP hOPMYbl

(63)

Tpy6bl ¢ pe3b6oii n mydToit

NU

928.3

928.3

928.3

1044.4

1101,3

1102,7

<64)

(64

(63>

MpoyHoCTb coefuHeHuns. MMNa

O6bluHan
My Ta

1281.0

1281.0

1281.0

1441,2

1520.0

1521,2

EU

Cneuvans-
Haa mydTa

HKT

928.1

949.0

928.1
949.0
928.1
949.0
10441

1067,6

1101.3
1126.1
1101.3

1126,1

1274,5

(64)

HKTB

1281,0

1301.9

1281.0
1301,9
1281.0
1301,9
1441,1

1464.6

1520.0
1544.8
1520,0

1544.8

1759.0

<60>. (61)

HKL,

1137.8

1160.5

1187.6
1211.3
1187.6
1211.3
1209.8

1233,9

1321,9
1348.3
1272.0

1297.4

1507.,4



MpogomxeHne Tabnmybl

napy*  Tonum- BhyT-
Vibin Ha  PEeHHit
K& crenkn amamertp
METD D. 1 MM d, MM
Mu
11430 7,00 100.30
114.30 6.88 100.54
114.30 7.00 100.30
11430 6,88 100.54
11430 7,00 100.30

MpumeyaHus

15

Mpynna
npoyHoe
™

P110
P110
P110
Q135
Q135

MNepemeHHar’
NCKYCCTBEH-
nbllA gedoekt

(Hagpes)

T

V*

o g oa a N

no)

Teky
yecTb

Tena
Tpy6bI

1787.7
1759.0
1787.7
2158.2
2193.4

FOCT P 54918—2012

CoO0TBETCTBYIOLLMI HOMEP ¢hopMy/Ibl

(63) (64) (64) (63> (64)  (60). (61)
MpouHocTb coeauHenns. MMa
Tpy6bl C pe3b6oit 1 MydoToit
BU
HKT HKTB HKL

NU O6biuHa» Creumasib-

MydpTa  Has mydita
_ —_ — 1303.2 1787.7 1537.6
— — — 12745 1759.0 1507.4
— — — 1303.2 1787.7 1537.6
—_ — — 1563.7 2158.2 1765.0
— — — 1598.9 2193.4 1800.3

1 PacueTHble 3Ha4YeHus nokasareneil B HacToswell Tabnuue ykasaHbl 418 aKkcnayataumu rpy6, cooTBeTCTBYO-
wmx TpeboBaHusiM TOCT P 53366. B 06bIYHOI OKpyXatoLeih cpege. JkcnnyaTtauma Tpyb B Apyroin cpene rnoxet
notpe6oBaTb [ONOMHUTE/NILHOIO aHanu3a, HanpuMep OMUCAHHOIo B MPUIOXeHun D.

2 MepBblii MaccUB AaHHbIX 41 KaXAOr0 pasmepa rpynnbl NPOYHOCTH

N80 oTHocCuTCHA K Tpyb6am, He

noABepraeMblM 3akaske ¢ OTNYCKOM, BTOPO/ MaccuB AaHHbIX — K Tpy6am, noaBepraeMbiM 3akKasike ¢ OTNyCKam.
3 MepBblii MAcCMB JaHHbIX AN KaX0oro pasMepa rpynnsl NpoyHocTM P110 oTHOCUTCS K Tpy6am, nogsep-
raeMblM KOHTPO/IKO C UCKYCCTBEHHbIM fed) eKTOM ry6uHoii 12.5 %. BTOpOil MaccuB faHHbix — K Tpy6am, nof-
BepraeMblM KOHTPO/O C UCKYCCTBEHHbIM fed) eKTOM rny6uHoii 5 %.
4 O603HauveHue L80 BkntoyvaeT rpynnbl npoyHocTn L8O Tun 1 n L8O Tmun 13Cr.
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Mpunoxexue AA
(cnpaBo4HoOe)

ConocTaB/ieHne CTPYKTypbl HACTOSILLEro cTaHaapTa co CTPYKTYpoi
NPUMEHEHHOTO B HEM MeXAyHapoAHOro cTaHaapTa

Tab6bnuya JA1

238

Pasgen

o A w N

CTpyKTypa HacToflWero craHjapTa

Moapasaen. Nyu*T, NOANYHKT,
pucyHok, popmyna, Tabnuuya

®opmynbl (1)—(12)
Tabnuuya 1
dopmynbl (13)—(34)
Tabnuubl 2—4

PucyHok 1

8.1

CTpykTypa MexAayHapogHoro ctaHgapta MCO/TR 10400:2007

Pasgen

g r W N R

F1

F.2

Mpunoxexne F

F.3

Moppasaen, NyHKT, MOAMNYHKT,
pucyHok, dopmyna, Ta6nuuya

dopmynbl (1)—(12)
Tabnunua 1
dopmynbl (13)—(34)
Tabnuubl 2—4
PucyHok 1
®opmynbl (35)—(53)
Tabnuubl 5—9
F.11
F.1.2
Ta6bnuubl F.1, F.2
F.21
F.2.2
PucyHok F.1
F.2.3
PucyHku F.2. F.3
F3.1
F.3.2
Ta6bnuubl F.3. F.4
PucyHok F.4
F.3.3
PucyHok F.5
F.3.4
Ta6bnuua F.5

PucyHok F.6
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MpopgonxeHune Tabnuub AA.1

CTpyKTypa HacTosuwero craHgapra CTpykTypa MexAayHapojHoro ctaHgapta MCO/TR 10400:2007

Pasgen Mopapasgen, NyHKT, NOANYHKT,

Pazgen Mopgpasfen, NyHKT, NOANYHKT,
pucyHok, hopmyna, Tabnuua

puUcyHOK, hopmyna, Tabnuua

8.2.1 F.4.1
dopmynbl (35)—(38) Popmynbl (F.1)—(F.4)
8.2.2 F.4 F.4.2
dopmynbl (39)—(41) Popmynbl (F.5)—(F.7)

- ®opmynbl (F.8>—(F.11)
dopmynbl (42)—(50) dopmynbl (F.12)—(F.20)
F.5.1

dopmyna (F.21)

F.5.2
Ta6bnuua F.6
8.2 — PucyHok F.7
8 Mpunoxenne F  F.5 F.5.3
PucyHkn F.8—F.9
Ta6bnuua F.7
F5.4
PucyHkn F.10, F.11
Pucynkn F.12—F.15
8.2.3 F.6.1
®opmynbl (51)—(53) E6 ®opmynbl (F.22)—(F.24)
Ta6bnuua 5 Tabnuupbl F.8. F.9
8.2.4 F.6.2
— F.6.3
8.3 8.3.1. 8.3.2 F.6.3.1. F.6.3.2
_ ®opmynbl (F.25)—(F.39)
Tabnuua 6 Tabnuua F.10
9.1 9.1
9.2.1—9.2.3 9.2.1—9.2.3
o2 dopmynbl (54)—(62) 0.2 dopmynbl (54)—(62)
- 9.2.4
° — 9 dopmyna (63)
9.3 9.3
dopmynbl (63), (64) dopmynbl (64). (65)
9.4 9.4
10.1—10.3 10.1—10.3
10 dopmynbl (65)—(71) 10 dopmynbl (66)—(72)
111 111
n 11.2 u 11.2
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MpogonxeHne Tabnuuysl AA.1
CTpykTypa HacTosiuero crtaHpgapra

pazgen Nopgpasaen, NYHKT, NOANYHKT,

pucyHok, hopmyna, Tabnuuya

11.3
dopmyna (72)
11.4
®opmynebl (73). (74)
11.5
®opmynbl (75). (76)
PucyHok 2

11.6
dopmyna (77)
PucyHok 3
11 11.7
PucyHkn 4—6

dopmynbl (78)—(93)

PucyHkn 7. 8
dopmynbl (94)—(99)

11.8
11.9.2
PucyHok 9
dopmynbl (100)—(104)
11.9
11.9.3
PucyHok 10

®opmynbl (105)—(109)
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CTpykTypa MexpayHapogHoro crtaHgaprta MCO/TR 10400:2007

Pasgen Noapaspen, NYHKT, NOANYHKT,

pucyHok, hopmyna, Ta6nuuya

11.3
dopmyna (73)
11.4
®opmynbl (74). (75)
115
®opmynbl (76). (77)
PucyHok 2
11.6
PucyHok 3
dopmyna (78)
dopmyna (79)
11.7
dopmyna (80)
dopmyna (81)
PucyHok 4

1 11.8
PucyHkn 5—7
dopmynbl (82)—(97)

11.9.1
11.9.2
PucyHkn 8. 9
®opmynbl (98)—(103)
PucyHok 10
11.9 ®opmynbl (104)—(108)
11.9.3
PucyHok 11
®opmynbl (109)—(115)
11.9.4
PucyHok 12
dopmynbl (116)—(123)
11.10
PucyHok 13
dopmynbl (124>—(128)
11.10
11.10.3
PucyHok 14
®opmynbl (129)— (133)



MpogonxeHne TabnnLbl

0A.1

CTpykTypa HacTosuero craWgapra

Paspen

1 11.9

12

13

14

15

16

17

Al

MpunoxexHne A

NMopapaspgen, NYHKT, NOANYHKT,
pucyHok, hopmyna. Tabnuuya
11.9.4
®opmyna (110)

dopmyna (111)
13.1
Ta6bnuua 7
13.2
Tabnuuya 8
14.1
dopmyna (112)
14.2

Ta6bnuya 9

16.1
dopmyna (113)
Pucyrok 11
Ta6nuua 10
dopmynbl (114)—(116)
16.2
dopmyna (117)
Ta6bnmua 11
17.1—17.8
Tabnuubl 12—17
dopmynbl (118). (119)

A.1.1—A.1.3.3
A.1.3.3.1. nepeuuncnenus a)—d)
PucyHku A.1—A.3
A.l4
A2

FOCT P 54918—2012

CTpykTypa MexXxpayHapoaHoro ctaHgapta HCOJTR 10400:2007

Pasgen Noapaspen, NyHKT, MOANYHKT,
pucyHok, hopmyna, tTa6nuya
11.10.4
1 11.10 dopmyna (134)
11.10.5
PucyHkn 15 un 16
®opmynbl (134)—(144)
12 dopmyna (145)
13.1
Tabnuua 10
13 13.2
Tabnmua 11
14.1
14 dopmyna (146)
14.2
Ta6nuua 12
15
16.1
dopmyna (147)
PucyHok 17
16 Ta6nuuya 13
16.2
dopmyna (148)
Ta6bnuua 14
17.1—17.8
17 Ta6nuubl 15—20
dopmynbl (149). (150)
A1.1—A.1.33
A.13311—A.13314
Al PucyHkn A.1—A.3
MpunoxeHne A A.14
A2
A3.1—A3.4
A3 dopmyna (A.29)
PucyHok A.4
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OkoH4YaHue Tabnuubl OA.1

CTpyKTypa HacTosLero crtaHgapra

Pasgen

B.3

Mpunoxexne B

MpunoxeHue C
MpunoxeHue D

MpunoxeHue E
MpunoxeHune F

MpunoxeHue G

MpunoxeHune H H.2

Mpunoxexue |

242

Mogpasaen, MyHKT, NOAMYHKT,
pvcyHok, chopmyna, Tabmmua

B.1.B.2
PucyHkun B.1. B.2
Ta6nuubl B.1. B.2
PucyHku B.1, B.2

B.4
PucyHkn B.3. B.4

B.5
PucyHkn B.5—B.12

H.1
H.2.1—H.2.3

H.2.4
dopmynbl (H.17)—{H.18)

CTpyKTypa MexgayHapogHoto ctaHgapta VICO/TR 10400:2007

Mogpasfen, MyHKT, MOANYHKT,
pucyHoK, chopmyna, Tabnuua

Paspen
B.1. B.2
Pucynkn B.1. B.2
Ta6nuubl B.1. B.2
PucyHkn B.1. B.2
B.3.1
B.3
B.3.2
Ta6bnuua B.3
B.4
MpunoxeHne B B.5
Ta6nuubl B.4. B.5
B.6
Tabnuubl B.6—B.8
PucyHok B.3
B.7.1
PucyHkn B.4. B.5
B.7 B.7.2
Ta6nuua B.9
PucyHkn B.6—B.8
B.8
PucyHkn B.9—B.16
MpunoxeHne C
Mpunoxexune D
MpunoxeHune E
MpunoxeHne F
MpunoxexHne G
Mpunoxexne H ®opmynbl (H.11)—(H.16)
Mpunoxexne |
J1
J.2.1—-J.2.3
J.24
Mpunoxexne J  J2 dopmynbl (J.17). (3.18)
J.2.5
®opmynbl (J.19), (J.20)
MpunoxeHune K

Mpunoxexne L
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Mpunoxenue b
(cnpaBo4HoOe)

CBefeHUst 0 COOTBETCTBUU CCbITOUYHbIX HALMOHAbHbIX
U MeXrocyapcTBeHHbIX CTAHAAPTOB MEeXAYHapoAHbIM cTaHAapTaM,
MCNONIb30BaHHbIM B Ka4eCTBE CCbIJIOYHbIX B MPYMEHEHHOM MEXAYHAapOo4HOM cTaHzapTe

Ta6nuya Ab.1

OGosHauenne cconounoro Crenews O603Ha4YyeHWe W HaWMeHOBaAHWUE CCbINIOYHOTO
HauuwoHanbHO, Mexrocypap- cooTBeT- MeX/AyHapoaHOTro cTaHpgapTa
CTBEHHOW cTaHpgapTa cTBUA

FOCT I1SO 3183—2009 IoT NCO 3183:2007 «[MpOMbILWIEHHOCTb HeTaHaA n rasoBas. CTasbHble Tpy-
6bl ANs Tpy60NpoBOAOBY»

FOCT P 51906—2002 oT APl APl SPEC 5B «Specification for Threading. Gauging and Thread
Inspection of Casing, Tubing, and Line Pipe Threads»

FOCT P 53366—2009 MOD MCO 11960:2004 «MpOMbILWAEHHOCTb HedTAHaA 1 raszosasd. CTasbHble

(MCO 11960:2004) Tpy6bl, UCNONb3yeMble B CKBaXWHax Kak obcagHble WM HAaCOCHO-KOMIM-

peccopHbie»

FOCT P 54383—2011 MOD NCO 11961 «[MpoMblWNeHHOCTb HedpTAHaA 1 razosas. CTasbHble Oypuib-
(MCO 11961:2008) Hble TPyObI»
MpumeuyaHune — B HacTosLWed Tabnvue NCNONb30BaHbl CnefyloLne ycioBHble 0603HaYEHNA CTeneHn

COOTBETCTBUA CTaH4apTOB:
* lOT — WAEHTUYHbIe CTaH4apThI:
- MOD — moaunduuympoBaHHbie cTaHAApThI.
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YOK 621.774:622:006.354 OKC 75.180.10 OKI 13 2100
13 2700
13 2400
13 9000

KnioueBble cnoBa: Tpy6bl, CTasbHble, 06CaHbIe, MacoCMO-KOMMPECCOPHbIe, BypunbHble, TPY6bI 4718 TPY6ONPOBO-
[10B. Teno Tpy6bl, MydhTa, pe3bboBoe coefuHEHNE, peKOMEHAALMN, (DOPMY bl MPOEKTHbIX NPeAe bHbIX 3HAYEHWIA,
chopMy /bl peAenbHbIX 3HAYEHUI, KPUTUYECKUE NOKa3aTeNN, BEPOATHOCTHbI NOAX0L, CTATUCTUYECKWI Noaxoa,
LeTepMUHNCTNYECKUIA NoAXoA, 3KCnyaTauMoHHbIe CBOMCTBA, hu3nyeckne CBOWCTBA, TEKy4YecTb, MPOYHOCTb,
paspyLUeHne, CTOMKOCTb, PacyeT Macchl, pacyeT YA/IMHEHNS, pacyeT KPYTSLLLEro MOMEHTA, UCMbITaHWe Ha Cnuto-
LMBaHME. TMAPOCTATUYECKOE UCTIbITAHNE, UCTbITAHWE Ha HAaMpPaBEHHbIN 3arub, cnbiTaHWe Ha yaapHbIii 3arm6,
UcnbiTaHWe Ha paspyLUeHWe, UCNbITaHVE Ha CMATUE, TabnLbl pacyeTHbIX 3HAYEHNI
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OKC 75.180.10

M3meHeHne Ne 1 FOCT P 54918—2012 (ISO/TR 10400:2007) Tpy6bl o6cafHble, HACOCHO-KOMMpeccop-
Hble, 6ypunbHble N Tpy6bl AnA Tpy6onpoBOA0B HEPTAHOW 1M ra30BOI MPOMbILIEHHOCTU. POpPMYbI 1
pacueT cBOIiCTB

YTBEpXAEHO 1 BBeAEHO B gelicTBue MNpukasom defepasnbHOro areHTCTBa N0 TEXHNYECKOMY perynnpo-
BaHMi0o U MmeTponorum ot 29.09.2020 Ne 691-cT

[arta BBegeHns — 2021—04—01

BBegeHue. MaTbiii a63al. Vcknountb cnoBa: «6YpunbHbIX TPY6 U», «ans TpybonpoBoAOB»;

LecToi ab3au. MepBoe nepeyncneHre N3NoXnTb B HOBON pefakuum:

«- AOMONHEHbI (HOPMY/bl U peKoMeHaauny Ans 06cafHbIX U HACOCHO-KOMNPECCOPHbIX TPY6, N3roTOBASA-
eMbix no FOCT 31446,

BTOPOEe nepeuncneHve. 3ameHnTb cokpaweHne: HKT Ha HKTH;

cefbMoli ab3al, U3N0XWTb B HOBOI peAakumu:

«®opMysbl N pekoMeHAaLMN HACTOSLWEro cTaHAapTa MoryT ObiTb NMPUMEHEHbI AN1A pacyeToB XapakTe-
PUCTUK 1 CBONCTB NOJOGHBLIX 06CafHbIX N HACOCHO-KOMMNPECCOPHbIX TPY6 1 Tpy6 Ana Tpy6onpoBogoB, npu-
MEeHsIeMbIX B Ka4yecTBe 06cafHbIX N HACOCHO-KOMMPECCOPHbIX TPy6, B TOM yncne ¢ noAo6bHbIMU pe3b60BbIMU
COEeLMHEHUSIMU, N3FOTOB/ISIEMbIX MO Pa3/IMYHON HOPMATUBHOM AOKYMEHTAL M.

Pasgen 1. Btopoii a63au. 3aMeHWTb CMOBa, «kpyTAwuil MomeHT MPU CBUHYUBAHUM» HA «MOMEHT
CBUHUMBAHUA», «KPUTUYECKME pa3mMepbl» Ha «KpUTUYeckue napameTpbl» (3 pasa);

YyeTBepTLIN, LWecToli 1 BoCcbMOl ab3aubl. 3aMeHUTb ccbiiky: FTOCT P 53366 Ha TOCT 31446 (3 pasa);
NCKNIOYNTL ccbliky: FTOCT P 54383 (3 pasa);

nATbIA ab3al. 3ameHnTb cnoBa: «C TeMu Xe YC/I0BUSMU HACTOSILUIA CTaHAapPT MOXET ObiTb UCMO/b30-
BaH [/19 pacyeTa CBOWCTB OYPUNbHbIX TPYO» HA «HacToswuii cTaHgapT MOXeT 66l Tb UCAONL3OBAH ANA
pacueTa macchl Tena 6ypunbHbix TPYy6 no FOCT 32696 nocne Bbicagku, a TakxXe pacyeTa YANUHEHUA NOL
Harpyskoii, npm KOTOpPO AoCTUTaeTCca NpeAen TEKyHeCcTn aTUX Tpy6».

Pasgen 2 n3noxutb B HOBOW pefakuum:

«2 HopMmaTuBHble CCbINKN

B HacTosilLeM cTaHfapTe UCMO0/b30BaHbl HOPMATMBHbIE CCbISIKM HA cneayoLine CTaHAapTbl:

FOCT 31446 (ISO 11960:2014) Tpy6bl cTanbHble 06cafHble 1 HACOCHO-KOMMNPECCOPHbIe A5 HehTAHO
1 ra3oBoii NPOMbILLINEHHOCTU. ObLMe TeXHNYeckne ycnosus

FOCT 32696 (ISO 11961:2008) Tpy6bl cTasibHble BypubHbie A8 HETAHOW U ra3oBOA NMPOMbILLIEH-
HOCTW. TeXHUYEecKue ycnoBus

FOCT 33758 Tpy6bl 06CcafHble 1 HACOCHO-KOMNPECCOopHble U My(pTbl K HUM. OCHOBHble nNapamMeTpbl U
KOHTPO/Ib pe3b60BbIX coeAnHeHn. ObLme TexHnYeckme TpeboBaHus

FOCT 34057 CoeguHeHusi pe3bboBble 06caHbIX, HACOCHO-KOMMPECCOpPHbIX TPY6, TPy6 Ans Tpybonpo-
BOJOB 1 pe3b60Bble Kanmbpbl 418 Hux. ObLme TexHuyeckne TpeboBaHns

FOCT 34380 (ISO 10405:2000) Tpy6bl 06cafiHble Y HACOCHO-KOMMNPECCOpPHbIe A/151 HE(PTAHOM 1 ra3oBoii
NPOMBILLNIEHHOCTU. PekoMeHgaumm no akcnayatauum n 06CnyxmBaHmio

FOCT ISO 3183 Tpy6bl cTanbHble Ana Tpy60npoBoA0B HE(PTAHON 1 ra3oBO NPOMbILLIEHHOCTU. ObLwmne
TEXHUYECKNE YCNoBUS

NMpumeyaHune — MNpnNoNbL30BaHUN HACTOSLMM CTaHAAPTOM Lieslecoo6pa3Ho NPOBEPUTH AeliCTBUE CCbINOYHbIX
CTaH4apToB B MHDOPMALMOHHOI cucTEME 06LLErO NONb30BaHUSt — Ha 0hMLManbHOM caiiTe PefepanbHOro areHTcTea no
TEXHUYECKOMY PeryiMpoBaHuio U METPOJIOrUN B CETU VIHTEPHET UN NO eXerofgHoMy MHGOPMaLMOHHOMY ykasaTento «Ha-
LiMOHa N bHbIE CTAHAAPTbI», KOTOPbI/ OMy6MKOBAH NO COCTOSIHWIO Ha 1 SiHBaps TekyLlero roga, v no Bbinyckam exemecsy-
HOTO MHOPMaLMOHHOIO ykasatens «HaunoHanbHble CTaHAapTbI» 3a TekywWwuii rog. Ecnm 3aMeHeH CCbINOYHbINA CTaHaapT,
Ha KoTopblii AaHa HefaTUpOBaHHAas CCbiNka, TO PEKOMEHAYETCA MCMNO/b30BaTh AENCTBYIOLLYI0 BEPCUIO 3TOrO cTaHhapTa
C yYeTOM BCeX BHECEHHbIX B [JlaHHYI0 BEPCUIO U3MEHEHWA. ECNM 3aMeHeH CCbIIOYHbBIN CTaHAAPT, Ha KOTOPbIA AaHa faTu-
poBaHHas CCblfka, TO PeKOMEHAYeTCs UCMNO/b30BaTb BEPCUIO 3TOTO CTaHAAPTa C YKa3aHHbIM BbILIE FOA0M YTBEPXKAEHNS
(NpuHATWS). Ecnn nocne yTBepXAeHUA HaCTOSLWEero cTaHAapTa B CCbIIOYHbIA CTaHAAPT, Ha KOTOpbI AaHa AaTupoBaHHas
CCblNKa, BHECEHO M3MEHEHME, 3aTparnBatllee NON0XEHNE, HA KOTOPOE AaHa CChiNKa, TO 3TO NOMOXEHNE PEKOMEHAYETCS
npUMeHATL 6e3 yyeTa JaHHOTO N3MEHEHUA. ECnu CCbINOYHbI cTaHAapT OTMeHeH 6e3 3aMeHbl, TO NOI0XeHNE, B KOTOPOM
[laHa ccbifika Ha HEro, PeKOMeHAYeTCsl NPUMEHSATL B YaCTW, He 3aTparnBatLLeil 3Ty CCblKy»:

CHOCKY * K pasfiefnly 2 UCK/IIUUTL;
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no BCeMy TEeKCTy CTaHAapTa 3aMeHWUTb CCbIKM:

«FOCT P 51906» Ha «[TOCT 34057»;

«[OCT P 53365» Ha «[TOCT 33758»;

«[OCT P 53366» Ha «[TOCT 31446»;

«[OCT P 54383» Ha «TOCT 32696».

Pazgen 3 gononHUTbL TepMuHamn 3.22. 3.23;

«3.22 onacHoe ceuveHue (dangerous section): MNonepeyHoe cevyeHne TPybbl UM MydTbl, B KOTOPOM

HanpshKeHus, Bbi3biBaeMble Nof AeiCTBMEM BHELUHUX YCUIUA, MakCUMaslbHbl.

3.23 cpbIB BUTKOB pe3b6bl (pull-out of the thread): MnacTnyeckasa gechopmaums BUTKOB TPEYTrobHOM

pe3bbbl NPU pacTsXKeHUW, NPUBOASALLAA K BbIXOAY pe3bbbl U3 3aLensieHns».

Pasgen 4. VicknounTb cnoBa: «AQi, — naowaab KpUTUUYECKOro MONepeyHoro ceveHns 6onee cnaboro
KOMMOHEHTa COefMHEHNS»;

3aMeHNTb 0603HaYeHne: «</, — anameTp BNaguHbl pe3bbbl MydTbl B MI0CKOCTY TOpLa TPyObl Npy Mexa-
HMYECKOM CBMHYMBaHWUMN» Ha «dIC— gnameTp BnaguHbl pe3bbbl MyddThbl B onacHOM ceueHuuns»:

nosicHeHusi o6o3HayveHnii A A(p, EC U3noxunTb B HOBOI peAakuuu:

«ACc— nnowaab onacHoro CeYeHNs MydThl;

A)0 — nowajb onacHoro CEYEHUS TPyObI;

Ee — CpefHUii guameTp pe3bbbl nocepeanHe MydTbi»;

AONONHUTL 0603HAYEHUSAMU (B COOTBETCTBUM C TATUHCKUM andasnTom):

«dBH— BHYTpeHHwWii guameTp pe3bbbl B OCHOBHOI NIOCKOCTY;

£, — cpefHuii anameTp pe3bObl B NIOCKOCTU YMIOTHEHUS;

Jn— paccTosiHie OT Topua Tpy6bl A0 cepefuHbl MyddTbl NPU PYYHOM CBUHYMBAHWUN,

/0— paccTosiHne oT Topua TPyObl 0 OCHOBHOW MI0CKOCTY;

/2 — paccTosHue oT Topua MydTbl 40 YNOPHOIO ycTynax.

Pa3fen 5. no BceMy TeKCTy cTaHAapTa 3aMeHuTb cokpalieHme: HKT Ha HKTH.

Moapasaen 9.1 U3NOXWTb B HOBOI peAakuuu:

«MpOoYHOCTb pe3b6b0BbIX COEfUHEHNI ABNAETCA NoKa3aTesiem LeNIbHOCTH, a He nokasaTeseM repMeTny-
HOCTU coeAnHeHns. Ana obcagHbix TPyO npefenbHas Harpyska MOXeT paccumTbiBaTbCA MO Npefeny Teky-
4ecTU WU NO paspyLUeHMI/CPbIBY pe3bObl CoeANHAEMbIX 3/1eMeHTOB. [NA HACOCHO-KOMMNPECCOPHbIX Tpyo6,
Korga Ko/IoHHa TPy6 MOXeT MHOrOKpaTtHO NOAHMMATbLCA W OMyCcKaTbCs B CKBaXWHY, MpefefibHas Harpyska
06bI4HO onpeaensieTcs No npegeny TeKy4ecTn COefUHAEMbIX 3/IEMEHTOB».

MoanyHKT 9.2.2.1 U3N0XMTb B HOBOW pefakuum:

«MpoyHOCTb coeanHeHnii o6caaHbIX TPY6 € TpeyronbHol pe3bboii LC n SC onpefensioT Nno MUHUManb-
HOM CTOKOCTY K pa3pyLleHnto TpyObl B ONacCHOM ceyeHun (No BnagvHe nocnefHero Butka pesbbbl € NOHbIM
npognaem), CTOMKOCTU K CPbIBY BUTKOB pe3bObl TPyObl UM CTOWKOCTM K paspylueHuto mydTel. Mpu onpege-
NIeHHbIX pa3mepax MydTbl €e MPOYHOCTb MOXET 6bITb MeHbLUE NMPOYHOCTU TPYy6bl. MPOYHOCTL MydIThHI Onpe-
[enslT e onacHoM ceyeHumn (Mo BnaguHe pe3bbbl MyddTbl B NAOCKOCTY Topua TPyObl NPW MeXaHU4Yeckom
CBUHYMBAHUN)».

MoanyHKT 9.2.2.3. 3aMeHnTb 0603HaYeHne: «/.4» Ha «L,»;

nepBblil ab3aL, M3N0XMTb B HOBOI peaakuumn (Kpome nepeyncneHunii).

«[nsa pacyeTa NpOYHOCTU COeVHEHN A 06cafHbIX TPY6 M My ) T € TpeyrosibHoi pe3b6oii Heo6XoaUMbI
cnepylolme NCXoaHble AaHHbIe:»;

BTOpOWA ab63aL, UCKTUMTL (KpOME NepeUuncieHnii):

[OMNONHUTL 0603HAYEHUAMM:

«A-c — MJioWafb onacHoro ce4eHns MyqTbl, MM2;

Np— nnowagb onacHoro ceyeHus Tpyobl;

d — BHYTpPEHHUI guameTp Tpybbl, paBHbIl (D - 2t), Mm:

dp — AnameTp BnaguHbl pe3bbbl MyddThl B onacHom ceueHun, MM;

J15— BbicOTa NponNsA TPEYroNbHON pe3bbbl, MM:

L, — obwas annHa pesbbbl Tpy6bI, MM;

M — paccTosiHne oT Topua My Tbl A0 NJIOCKOCTU PYYHOTO CBUHUMBAHUS, MM>.

MoanyHKT 3.2.2.4. MNepBbIii ab3al, N3N10XKNUTb B HOBOW pedakumu:

«PacuyeT MpoYHOCTM COeAUHEHW 06cafHbix Tpy6 C TpeyronbHoW pe3b6oii NPOBOAAT MO npouyHoCTM
Tpy6bl, MPOYHOCTW BUTKOB Pe3bObl TPYObI HA CPbIB MM NPOYHOCTU MYQITbI»;

2
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BTOpPOI ab3al M3M10XUTb B HOBOW pegakuyunun:
«PacueT Ha NpoYHOCTb Tpy6bl NPOBOAST NO Cnefylolen popmyne»;
dopmyny (55) U3N0XUTb B HOBOW pefakuuu:

4.98980 059n.,

«4=0-95 AjpLet yrne (55)».
0.5L* - 0.140 £*+0.140

copmyna (58). 3ameHUTb 0603HaYeHne: «d2» Ha «d2»;

dopmyna (59). MoscHeHnss 0603HaveHnii A|Cu APU3N0XNTL B HOBO pefakuum:

«Ac— nnowafb onacHoro Ce4eHUs MydTbl:

Ap— nnowaab onacHoro CEYEHUSA TPYObI»;

3aMeHUTb 0603HaYeHUs: «E4» Ha «E,»;

«d, — gnameTp BnaguHbl pe3bbbl MydTbl B NI0CKOCTM TopLa TPyObl NPy MeXaHUYeCKOM CBUHYMBAHMMN
Ha «dX— AnamMeTp BnaguHbl pe3bbbl My Tbl B onacHom ceuenuun, MM»;

[0MNOSTHNTbL 0603HAYEHUAMU:

«£, — 06Llas g/ivHa pesbObl TPyObl, MM;

M — paccTosiHme oT Topua MydTbl 40 NIOCKOCTU PYYHOTO CBUHUMBAHUS, MM»;

[0NoNMHUTL ab3auamu:

«KoadhcpmuymeHT 0.95 B chopmynax (54) n (55) yunTbiBaeT CTaTUCTUYECKYIO MOFPELIHOCTb (hopMy bl
MHOXECTBEHHOW perpeccuy 1 no3BOnsieT WCMOMb30BaTb MWHUMalbHblE MNOKasaTenu NpPoYHOCT BMECTO
CpefHUX 3HaYEeHWNA.

Moapo6HocTn paspaboTtku hopmyn (54) n (55) — cm. ctaHgapT (3)».

MoanyHKT 9.2.3.1 M3N10XUTb B HOBOV pefakuuu:

«[poYHOCTL coeaunHeHnI obcafiHbIX TPYO C TpaneueugansHoii pe3bboii BC, OTTM u OTTI onpege-
NAT N0 MMHUMabHOW NPOYHOCTM TPYObl € ONacHOM ceyeHumn (N10CKOCTM Bbixoda pe3bbbl — ana BC,
NA0OCKOCTU KOHUa cbera pe3bbbl — ans OTTM n OTTI) unm NpoYyHOCTM MydThl B ONACHOM cedeHun (no
BnaguHe pe3bbbl MydTbl B NJOCKOCTM TOpLa TPyObl NPU MEXaHUYeCcKOM CBUHUYMBAHWWM — A1 COeUHEHWNIA
BC n OTTM, no BnaguHe pe3bbbl My Tbl B N1OCKOCTW Havyana pe3bbbl TPYO bl Npy MEXAHUYECKOM
CBUHUYMBaAHUN — ANA coeguHeHuns OTTI)».

MopgnyHkT 9.2.3.3. MosicHeHne 0603HaYeHNs AB U3I0XNTb B HOBOW pefakumu:

«AB — paccTosiHue oT Topua My Tbl JO OCHOBaHUSA TPEYroNbHOro K/ieima npu py4yHoM CBUHUMBAHWM,
paBHoe (Jn- J). MM»;

LOMNONHUTL 0603HAYEHNAMU:

«Ac— nowagb onacHoro Ce4eHUss My Tbl, paBHasd —(D2 - d2). MM2;

Ap— MoWafb onackoro CeYeHs TpyGel, paBHas 3 (D2 - d2), MM2;

djC— anameTp BnaavHbl pe3bbbl MydThl B onacHom cedeHun, MM».

MoanyHKT 9.2.3.4. 3aro/I0BOK U3/1I0XKUTb B HOBOW pefakumu: «PopMy bl MPOEKTHON MPOYHOCTU»;

nepBblil ab3aL, N3M10XNUTb B HOBOI peAakLmu:

«PacyeT Ha NpoYHOCTb COefMHEHUI 06caaHbIX TPY6 C TpaneyenagansHoii Pe3bboii NPOBOAAT MO NPOY-
HOCTW TPYObl 1 NPOYHOCTN MYdThI»;

BTOPOI ab3aL, N3N10XUTb B HOBOW pefakuuu:

«PacyeT Ha NpoYHOCTb TPY6bl NPOBOAAT MO cieaytowein hopmyne

P-=0,95A.paumnp 1008 0,00156 1,0B3-=-|d (60)»:;

cumnp

TpeTnin ab3al U3N0XUTb B HOBOW pefakuunm:
«PacyeT Ha NPOYHOCTb MYy Tbl NPOBOAAT NO cneaytoLei popmyne»;
dopmyna (61). 3ameHnTb 0603HauyeHune: «Ap — nnouwagb MNONEPeyYHOro ceyeHus Tpyb6bl, paBHas

j(D 2- d2), MM2» Ha «Ajp — nnowaAb onacHoro ceyeHusa Tpybbl, paBHasa i.(D2- d2). MmM2»; «d, — gua-

MeTp BnaguHbl pe3bbbl My Thl B MN10CKOCTK TOpLa TPyObl NP MeXaHW4YeCKOM CBUHYMBAHUU, MM» Ha «d)C—
AvameTp BnaguHbl pe3b6bl MydTbl B ONaCHOM CeYeHUN»-.
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nosiCHeHne 0603HaYeHNs A™ N3NI0XKNTb B HOBOW peaakLmu:
«A-C— nnowasib 0nacHoro ceveHus MydTbl, paBHas —(D* - d£), MM2»;

dopmyna (62). 3ameHuTb 0603HaveHne: «d,» Ha «dc»;

[0ONONHUTBL ab3alamu:

«KoahdpuumeHT 0,95 B chopmynax (60) v (61) yumTbiBaeT CTATUCTUHECKYHO MOrPELUHOCTb POPMYbl MHO-
XXeCTBEHHOW perpeccuv 1 No3BosAeT UCMOb30BaTb MUHMMaSIbHbIE MOKa3aTeIM NPOYHOCTY BMECTO CpeaHUX
3HaYEHUIA.

Moapo6HocTn paspaboTkn dhopmyn (60) n (61) — cm. ctaHgapT [3]».

MoanyHKT 9.3.2.1 U3N10XUTb B HOBOW pefakuuu:

«[MpoYHOCTb COeANHEHNI I HACOCHO-KOMMNPECCOPHbLIX TPY6 C HEBbICaXeHHbIMU koHUaMu NU. HKTH onpe-
AensaT N0 MUHUMaJIBHON CTOMXOCTUN K paspylueHnio Tpy6bl B onacHoOM cedyeHun (Mo BnaguHe nocnepg-
Hero BuUTKa pe3bbbl ¢ NofHbIM npodunem — ans NU n HKTH, nnockocTu koHua cbera pe3bbbl — Ansa
HKM). MpoYyHOCTb MY T HE YUNTbLIBAIOT, T.K. M/IOLWAb OMAaCHOr0 CeYEHNSA 06bIYHBIX U CnelnanbHbIX MydT
Bcerga 6onblie, YeM NoLab ONacHOro CeYeHns CBUHYMBAEMbIX C HUMU TPyO».

MopnyHkT 9.3.2.3. 3ameHnTb 0603HauveHne: «oyllb Ha «OyTnp»;

AONONHUTL 0603HAYEHUAMMU:

«["a— KOHYCHOCTb, MM/MM;

h0— BbIcoTa Npochnna TpaneuenganbHON pesbobl, MM».

MopnyHkT 9.3.2.4. 3amMeHUTb 0603HAYEHME: «OYITIM» HA «OyTNp» (2 pasa);

nepBsblii ab3al, N30XNTb B HOBOW pefakuuu:

«PacuyeT NpoYHOCTU NPV PacTSHKEHUU ANA COeAUHEHNI HACOCHO-KOMMPECCOPHbIX TPY6 C MEBbICAXKEH-
HbIMW KOHLAaMKN 1 TpeyronbHoi pe3b60oilt NU n HKTH npoBogAaT no mpo4yHocTu Tpy6bl MO cnegywollei
hopmyne»;

BTOpOi1 ab63al,. 3ameHNTb croBa: «no popmynam (60) u (61)» Ha «no chopmysne (60)».

MoanyHKT 9.3.3.1 U3N0XNTb B HOBOW pefakuuu:

«lMpOYHOCTb COEAUHEHNIT HACOCHO-KOMMPECCOPHbIX TPY6O C BbICAXEHHbIMWN KOHLAMW W TPEYrosibHOW
pe3b60oit EU n HKTB onpefensiT N0 MMHAMasIbHOU CTOWKOCTU K pas3pyLleHnto Tpy6bl B OMacHOM CeyeHnn
(N0 nonepeyHOMY CEYEeHMW HEeBbICAXEHHOW YyacTu Tpy6bl)- MPOYHOCTb NONEPEYHOrO CeYeHWst Bbica-
XXEHHbIX KOHL,0B Tpy6 No BnagvHe nocne nocnegHero BUTka pesb6bl € NOAHLIM NPOMUIEM He YUUTLIBAIOT, T.K.
naowagb 3Toro ceyeHuns scerga 6onblue, Yem nNaowaib NoNepeyHoOro CeYeHsa HeBbICAXXEHHOW YacTun Tpyobl.
MpoyYHOCTb MY Thl HE YUNTbIBAIKT, T.K. NJ0OWAAb ONACHOIO CEYEHUS 0ObIYHBIX U CleunanbHbIX MyqT BCer-
fAa 6onblue, Yyem Naowab OnacHoOro cevyeHns CBUHYMBaAEMbIX C HAMU TPy6».

MoanyHkT 9.3.3.3. 3aMeHUTb 0603HAYEHNE: «OYMLL» HAa «OYTMP»;

[ONONHNTL 0603HaYeHNEM: «d— BHYTPEHHUI AnamMeTp Tpy6bl, paBHblii (D -2t), Mm».

MoanyHkT 9.3.3.4. 3aMeHnTb 0603HaYeHNe: «Ooyram» Ha «oyTnp» (2 pasa);

nepBbIil ab3aL, U3N0XNTb B HOBOI peAakLuu:

«PacyeT NpoYHOCTM NPV pacTaXeHUn AN COefUHEHNI HACOCHO-KOMMPECCOPHbIX TPY6 € BbICXKEHHBIMU
KOHL,aMu NpoBOAAT NO NPOYHOCTU HEBbLICAXEHHOW YacTu Tpy6bl No cneaytowen popmyne».

Moppasnen 10.1. MepBbili ab3al. 3amMeHUTb cnoBa: «Tpyobl ¢ pe3bboii 1 MyddTaMu BblAEPXUBAKOT BHY-
TpeHHee fJaBfieHne, paBHOe WU MeHbLLee, YeM TpyObl 6e3 pe3bbbl U MydTbi» Ha «Tpy6bl C pe3b6oil u myd-
TaMu BblAEPXUBAIOT Takoe Xe BHYTpeHHee JaBfeHue, Kak n Tpybbl 6e3 pe3bbbl n MydTbl, KpOME cnyvaes,
Korga cnoco6HOCTb BblAepXMBaTb MeHbLUee BHyTpeHHee AaBneHue 06yCnoB/ieHa TeKyYecTblo MydTbl vnu
HeJ0CTaTOYHOWN CTOMKOCTbIO COEAVMHEHNA K yTeuykam nof AeiicTBYeM BHYTPEHHero AaBfieHus B MI0CKOCTU
YNIOTHEHUSA, OCHOBaAHHOM Ha TOM AOMYLLEHWWN, YTO NIOCKOCTb YN/TIOTHEHUSA COEANHEHUIA C TPEYro/bHON pesb-
60l HaXoANTCS B MOCKOCTW PYYHOrO CBUHYMBAHUA, COEAMHEHMI C TpaneLenianbHoi pe3bboii — B OCHOB-
HO NOCKOCTU»\

BTOPOIi ab3aL, UCKTYNTD.

Moapasgen 10.2. ®opmynbl (65), (66). (67). 3ameHUTb 0603HaYeHne: «£/,» Ha «d .»;

akcnavkauumn k oopmynam (65). (66), (67). 3ameHnTb 0603HaueHune: «d, — guameTp BnajuHbl pe3bobl
MypTbl B NIOCKOCTM TOpLa TPyObl NP MEXAHMYECKOM CBUHUYMBAHWUM» Ha «djc — AnameTp BnafuHbl pe3bObl
MyddTbl B OMACHOM CeYeHUMn;

yeTBepTbIii ab3al. 3ameHUTb 0603HayYeHne: «d,» Ha «dc».

Mopgpasgen 10.3. Mep.blit ab3ay. 3aMeHNTb cnoBa: «CTOMKOCTb K yTeukam nog AelcTBUEM BHYTPEH-
Hero gasneHus B nnockoctn E, nan E? paccunTbiBaloT no hopmyne (68), OCHOBAHHON Ha TOM JOMYLLEHNM,
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YTO YN/IOTHEHWEe HaxoguTca B MaockocTn E, TpeyronbHoW pesbbbl u E7 TpaneuenpanbHoW pesbbbl» Ha
«CTOIKOCTb K yTeYkam noj AeliCTBMEM BHYTPEHHErO AaBfeHNA B N1I0CKOCTW YNJOTHEHUSA paccyMTbIBaOT Mo
dhopmyne (68)»:

dopmyny (69) N3N0XKNTb B HOBOW peaakuum.

_E7,N(pr-£?2XE?-*r)

69)».
Ip woow -d ) (69)

nATLI ab3al. 3ameHnTb crnoBa: «lpy NOACTAHOBKE COOTBETCTBYIOLMX 3HAYEHW Plp u P,p B hopmyny
(71) v ynpoweHun nony4atT chopmyny (68)» Ha «lMockonbky HapyxHblli anameTp MydTbl Bcerga 6onblie
cpegHero gnametpa pesbbbl, KOTOPbIV B CBOK O4epefb Bcerga 60sblue BHyTPEHHero gnametpa Tpy6bl, TO
P /p BCerga meHblue Plp».
MyHkT 11.5.1. NMosicHeHUe 0603HaYeHNs1 J U3NI0XKNUTbL B HOBOW peaakuum:
uj — paccTosiHne OT Topua Tpybbl [0 cepefuHbl MydTbl NPU MEXaHWYeCKOM CBMHYMBAHUW, ANSA CO-
efnHeHnih HKTH, HKTB n OTTM, paBHoe (Lm/2 -L t), ana coeguHeHnin HKM n OTTT, paBHoe
(LJ2-12). mm»;
[ONONHNUTL 0603HAYEHNAMU:
«Ll — ob6uwan gnnHa pesbbbl TPYObLI, MM:
/2 — paccTosiHme oT Topua MydTbl [0 YNIOPHOro ycTyna, MMm».
MyHKT 11.5.2. MosicHeHWe 0603HaYeHns J N3N0XUTb B HOBOW peakuuu:
» ] — paccTosiHue oT Topua Tpybbl A0 cepeAnHbl MydTbl NPY MeXaHW4eckoM CBWHYMBAHWW, A4S CO-
eanHennin HKTH, HKTB n OTTM. paBHoe (Lm/2 - L {), ana coegnHeHunii HKM n OTTI, paBHoe
LL-
[0MNOSTHUTL 0603HAYEHNAMM:
«In — o6wasn agnnHa pe3bObl TPYObI, MM:
/2 — paccTosiHme oT Topua MydTbl [0 YNOPHOro ycTyna, MM»:

opmyny (76) N3N0XNUTb B HOBOW peaakunm:

«AT =-/c)d *(Lm2 & J)mpe ¢ macca MydpTbl — Macca MeTanna, ygansemas npv Hape3aHun pesbObl
Ha ABYX KoHUax Tpybbl (76)».

MyHKT 11.7.1 AONONHUTL NPUMEYaHUEM;

«MpumMeyaHune — PaccunTaHHas no popmynam macca MyqTbl SBASETCA MPUGNKEHHBIM 3HAYEHUEM, NMOCKO/b-
Ky He yuuTbiBaeT Maccy yAaseHHOro Metansia npu BbINOMHEHUN psja 3/1eMeHTOB pe3b60BOro COeAVNHEeHUs, Hanpumep,
06bIYHOW (hackn, 3aX0fHON hackn, YNIOTHUTESNbHBLIX 3/IEMEHTOB COEAUHEHNI C YNIOTHEHUEM METaN/I-METaN».

MopnyHkT 11.7.2.2. 3aro/0BOK M3N0XNTb B HOBOI pedakuun:

«11.7.2.2 PacuyeT maccbl 06bI4HOW MydhTbl 603 yyeTa Maccbl MeTasina, yaansiemMoro npv BbINOSHEHUN
hacku»:

dopmyny (78) N3N0XKNTb B HOBOW peAakuum.

«TC=2+7.85 mL0efan (Vol. Ill); (78)».

nosicHeHns o6o3HaveHunin Ec. E, 1 M 13n0XxunTb B HOBOI pefakuuu:
«Ec— cpefHuii gmameTp pe3bbbl nocepeanHe MydThl, Ana coeguHeHunii HKTH n HKTB. cooTBeT-
cTByw WMt Ec, ana coegmHenunii NU n EU — no F'OCT 34057. Mm;
E, — cpepHwuii fuameTp pe3bbbl B MIOCKOCTU PYYHOrO CBMHYMBaHMSA, ANa coegnHeHnin HKTH n HKTB,
cooTBeTcTBYtOWMin Ey ana coeguHeHunii NU u EU — no FOCT 34057. mm;
M — paccTosiHue oT Topua MyddThbl A0 NAOCKOCTV PYYHOrO CBMHYMBAHWA, ANSA coeguHeHnii HKTH n
HKTB, cooTBeTcTBYytOWee M, ana coeanHeHnini NU n EU— no T'OCT 34057. MM».
MopnyHkT 11.7.2.3. ®opmyny (86) N3n10XUTb B HOBOI pefakuun.

ANC«b =2¢785+1'Un (Vol. VI). (86)».
MyHkT 11.7.3. dopmyna (89). MosicHeHns 0603HaueHuii Ec, E7 J. g. KX M3N10XWUTb B HOBOW peAakuuu:
«Ec— cpefHuii gnameTp pe3bbbl nocepeauHe MydThl, AnA coefuHenuss OTTM, paBHblh (d3 -
- TdLm/2 + h j, gna coeguHennin OTTE, HKM, paBHbIii du. mm;
E7— CpefHUil amnameTp pe3bbbl B OCHOBHOI MOCKOCTW, A5 coefnHeHunin OTTM n OTTI, HKM,
paBHbI (dBHeh j, Mm.
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J — paccTosiHie OT Topua Tpybbl A0 cepefnHbl MyddTbl NPU MEeXaHNMYeCcKOM CBUHYMBaHUW, ANA CO-
eanHeHunit OTTM, paBHoe (Lm/2 - L t), gna coegnHeHunii OTTI, HKM. paBHoe (LnY2 -12). mwm;
g — A/IMHa pe3b0Obl C HENOMHBIM NpoduneM, ans coeauHenuit OTTM, OTTI, HKM, paBHas pac-
CTOSAHUIO OT OCHOBHOI MIOCKOCTK A0 KOHUa cbera pe3bbbl (Lt— 1Q, MMm;
kx — nonpaBouHbIl KO3 PULMEHT ANa pacyeTa CpeaHero gnaMmeTpa pe3bbbl B NI0CKOCTU ftopua
My Tbl 4Nna coeavHenns BC. paBHblii 7.62 — npu HapyXHOM anameTtpe Tpy6 mMeHee 406.4 MM
n 5.08 — npu HapyxHOM gunameTpe Tpy6 406.4 mm 1 6onee, ans coeguHeHuii OTTM, OTTI
n HKM, paBHbI HyT10 K
LOMNOIHUTL 0603HAYEHMAMU:
«d3— BHYTPEHHUIA gnameTp pe3bObl B N0CKOCTU TopLa MydTbl, MM;
¢M— BHYTPEHHUI AnaMeTp MydTbl, MM;
dBH — BHYTPEHHWI gnameTp pe3bbbl B OCHOBHOI NJ0CKOCTU, MM;
ha— BbicoTa npodnnsa TpaneuenganbHOW pesbbbl, MM;
Lm— gnuHa mydTbl, MM;
L, — obwas anvHa pesbbbl TPyObl, MM.
/0— paccTosiHMe OT Topua TPy6bl 4,0 OCHOBHOW NJIOCKOCTU, MM;
12 — paccTosiHue oT Topua MydTbl 40 YNOPHOrO YCTyna, Mm»;
opmyna (92). MNosicHeHne 0603HAYEHNSA Ec U3N0XUTbL B HOBOI peAakumu:
«Ec — CpefHuin amnameTp pe3bbbl nocepefuHe MydTbl, Ans coeauHennsa OTTM, pasHbin (d3 -
- Td LJ2 +ho), ona coeguHennii OTTE, HKM, paBHbIii M. MM»,
[OMNONHUTL 0603HAYEHNAMU:
«<*3— BHYTPEHHUIA guameTp pe3bObl B NJ10CKOCTU TOpua MydTbl, MM;
Td— KOHYCHOCTb, MM/MM;
/?, — BbIcOTa Npochuna TpaneyeunganbHol pe3bbbl, MM;
du — BHYTPEHHUIA guameTp MydTbl, MM»;
hopmyny (93) U3NOXUTb B HOBOI pefakuuu:
«Tc8=2+785+1 0 (Va. ). (93)».

Moppaspen 11.8. dopmyna (94). MosicHeHNe 0603HAYEHNS E 7 U3MI0XUTb B HOBOI pefakuuu.
«E7— CpefHuil gnameTp pe3bbbl B OCHOBHOW NA0CKOCTW, AN coeguHeHuii OTTM, OTTI, HKM. paB-
Hbl (datt + hB), MMm»;

[ONONHUTL 0603HAYEHUAMMN:

«dBt — BHyTpeHHUIi gnameTp pe3bbbl B OCHOBHOI NJOCKOCTU, MM.

hB— BbicoTa npodunsa TpaneuenganbHon pesbbbl, MM»;

¢opmyna (98). NMosicHeHM 0603HAYEHUI g U E 7 U3/TOXNTb B HOBOW pefakunu:

«[,— ONVHa pe3bbbl ¢ HEMOHbIM Npodunem, anas coeguHeHuii OTTM, OTTI, HKTH, HKTB, HKM,
paBHas pacCTOAHUIO O T OCHOBHOM N1OCKOCTU [0 KOHUa cbera pe3b6bl (L, - 10), Mm,

E7— cpefHuii guameTp pe3bObl B OCHOBHOW NiockocTu, ans coegunHeHuit OTTM. OTTI, HKM. paB-
Hbl (dan + ha), Mm»;

[ONONHNUTL 0603HAYEHNAMMN:

«L, — o6wasn gnvHa pesbbbl TpyObl, MM;

/0— paccTosHMe OoT Topua TPy6bl 0 OCHOBHOW NI0CKOCTU, MM;

dBlt — BHYTPEHHWI gnameTp pe3bbbl B OCHOBHOI NJIOCKOCTU, MM;

hB— BbicoTa npodhmnsa TpaneuenganbHon pesbbbl, MM»;

dopmyny (99) N3n10XNTb B HOBOW peaakuuun:
«Tn=7.85+10-X (Vol. ). (99)».

MyHkT 11.9.2. MNosicHeHVe 0603HaYeHns U3N0XUTb B HOBOI pepakuuu (2 pasa):

«04 — HapyxHblli AnameTp pe3bbbl TPyObl B MIOCKOCTW TOpua WAWM HapPYXHbIA guameTp BbiCagKu
6ypusbHOl TPYObI, MM»;

opmyny (104) n3n0XnTb B HOBOW peaakumu:

«T =785 +10"8*m (Vol. (I + lI]. (104)».
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MyHkT 11.9.3. dopmyny (109) N310XUTb B HOBOW peaakuum:

«T B1=T7-85" 10 elem (Vol- U)). (109)».

Mogpasgen 14.1. Ta6nuua 9. Mpada «[MpoueHTbl OT 3a4aHHOr0 MUHWMAasIbHOTO npejena TeKy4ecTu
0 TN. NpW ucnbiTaTeNlbHOM AaBneHun». [na rpynnbl NpoYyHocT M65 npu cTaHAapTHOM UCMbITaTe/IbHOM AaB-
NIeHUn 3aMeHuTb 3Ha4veHue: 60 Ha 80.

Mopgpasaen 14.2. BTopoii ab3al, U3ioxutb B HOBO pefakuuu:

«O6cagHble N HACOCHO-KOMMPEeCcCopHbIe Tpybbl C pe3b60oii N MydTamy UCMbITbIBAIOT NPU TOM Xe rMapo-
cTaTM4ecKOM AaBieHMU, YTO 1 Tpy6bl 6e3 pe3bObl, 3a UCKIIOYEHNEM TeX CyvyaeB, KOorja MeHbllee BHYTpeH-
Hee faBfieHne o6ycnoBeHO NpefoTBpaLLeHneM TeKyHeCcTn My Tbl UM YTEUKM B COEAUHEHUN NOoA feNCTBU-
€M BHYTPEHHEro AaB/fieHNsA 13-3a HeJ0CTaTOYHOM CTONKOCTY COeAUHEHUS K yTeUYKaM B NJI0CKOCTMW YMIOTHEHNSA
(cm. pasgen 10)».

Pasgen 15. U3N10XWTb B HOBOW peAakuuu:

«15 MOMEHT CBMHYMBaHUSI 06CaAHbIX U HACOCHO-KOMMPECCOPHbIX TPY6

B cootseTtcTBuM C [1] unu (16J Ana cBMHYMBaHUA 06CafHbIX TPY6 ¢ coeanHeHuamn LC n SC cTpe-
YyronbHol pe3b60il pacyeTHbIi MOMEHT CBUHYMBaHWA NMPUHUMaeTCsA paBHbIM 1 % pacyeTHON NPOYHOCTH
pe3b6bl Ha CpbIB, BbIYNCAEHHOW B hyHTax Ha yT no npuBegeHHoi B [3] dbopmyne (55). 4yTo cooTBeT-
CTBYeT pacyeTHOMY MOMEHTY CBMHUMBaAHUSA, paBHOMY 0.305 % pacuyeTHOW NPOYHOCTM pe3bbbl Ha CpbIB,
BbIUMC/IEHHON B HbIOTOHAX Ha MeTp no opmyne (55) HacTosIWEero ctaHaapTa.

B (1] v [16] onpeneneHne pacyeTHOrO MOMEHTa CBMHYMBAaHUSI HA OCHOBE NMpUBEAEHHOI B [3] hopmy bl
(55) npumeHseTcsa ToNbKO Ana 06cagHbix TPy6 ¢ coeanHeHnamm LC n SC ¢ TpeyronbHoi pesb6oii. Mpume-
HeHue 3Toro NoAxoAa A8 HAaCOCHO-KOMNPECCOPHbIX TPY6 C TpeyronbHol pe3b60oli NPUBOAUT K 3aBblLEH-
HbIM 3HAYEHMAM PaCYETHOro MOMEHTA CBUHUMBAHUS.

B cBoem uupkynspe [17] koHdepeHuma API B coeBpane 1991 r. noctaHoBUNa, 4To 60nee NpaBUILHO
NpPOBOANTL CBUHUYMBaAHME TPYD C MydhTamMn Mo NOSIOXEHUIO CBMHUYMBAHUSA, & HE MO MOMEHTY CBUHUYMBAHWUS.

B FOCT 34380 Takxe ycTaHOB/IEHO, YTO 60/1€e NpaBun/IbHO NPOBOANTL CBMHYMBaHME TPy6 ¢ MydhTamm
He Mo MOMEHTY CBMHUYMBAHUS, @ Mo NOJIOXKEHUIO CBUHUYMBAHUA — Ana coeanHeHnii BC. OTTM. OTTI, HKM u
yncny 060poTOB CUTOBOrO CBUHYMBAHUA — AN coednHeHuii LC. SC. NU. EU. HTKH. HKTB».

MpunoxeHue A. NyHKT A. 1.3.3.2. 3aMeHuUTb ccblnky: «FTOCT P ISO 3183» Ha «[OCT ISO 3183» (2 pasa).

MpunoxeHve H ucknounTb.

Mpunoxexne |. Tabnuubl 1.3 n 1.5. 3ameHuTb crnosa: «lpoyHOCTb coeanHeHns. MIMa» Ha «[po4YHOCTb
coeaunHeHusi, kH» (37 pas).

MpunoxeHne JA. Tabnuua IA.1. M'pacha «CTpyKTypa HacToswero ctaHgapTa». Mpunoxenune H. B rpa-
e «Moapasgen, NyHKT, NOAMYHKT, PUCYHOK, hopmMyna, Tabnvua» BCe CBEAEHNA UCKTIOUNTD;

rpacdha «CTpykTypa MexayHapogHoro ctaHgapta WMICO/TR 10400.2007». 3aMeHUTb 0603HauveHue:
«/ICO/TR» Ha «ISO/TR».

MpunoxeHune [1B N3n0XnTb B HOBOW peAakuuu:

«Mpunoxenne B
(cnpaBoyHOE)

CBefleH/s1 0 COOTBETCTBUM CChINTOYHbIX MEXIoCyAapCTBEHHbLIX CTAHAAPTOB
MEeXAYHapOAHbIM CTaHhapTam, UCNO/Ib30BAHHbLIM B KAYeCTBE CCbI/TOUYHbIX
B NPUMEHEHHOM MeX/JyHapo4HOM cTaHaapTe

Ta6nunya [AB.1

O603HaueHie CCbIIOYHOK CreneHb O603HaueHVie 1 HAVMEHOBAHWE CCbIIOYHOTO MEXAYHapOAHOK
MEXrOCyapCTBEHHOrO CTaHAapTa  COOTBETCTBUS CTaHfapTa
FOCT 31446—2017 MOD ISO 11960:2014 «HedTAHasa 1 rasoBasi NPOMbILWAEHHOCTb. Tpy6bl
(1ISO 11960:2014) cTanbHble AN MPUMEHEHNA B CKBaXMHaX B kayecTBe 06CafHbIX U Ha-

COCHO-KOMNPECCOPHbIX»
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OkoHuaHue Tabnuusl AB.1

O603HaueHVIe CCbITOYHOTO CreneHb O603Ha4eHne N HaMMEHOBAHNE CCbIIOYHOTO MEXayHapOAHOro

MEeXrocyJapCTBEHHOTO CTaHAapTa  COOTBETCTBUS CTaHfapTa

FOCT 32696—2014 MOD ISO 11961:2008 «HedTAHaA 1 razoBas NPOMbILLIEHHOCTb. Tpy6bl
(ISO 11961:2008) cTanbHble 6ypubHble»

FOCT 34380—2017 MOD ISO 10405:2000 «HedTAHaa u raszosBas MPOMbILLIEHHOCTb. JKC-
(ISO 10405:2000) nayataumsa m o6cnyxmBaHue 06CafHbIX U HACOCHO-KOMMpeccop-

HbIX TPY6»
FOCT ISO 3183—2015 IDT ISO 3183:2012 «HedTAHaa v raszoBas NMPOMbILWAEHHOCTb. Tpy6bl

cTanbHble ANA TPy6onpoBOAHbIX TPAHCNOPTHBLIX CUCTEM»

MpumeuyaHune — B HacTosiweli Tabnuue UCMNOb30BaHbl CNeAylolmne yCnoBHble 0603HAYEHUSI CTEMeHN

COOTBETCTBUA CTAHAAPTOB!
- lOT — naeHTuYHble CTaH4apThl;
- MOD — mopaucunumposaHHbie CTaHAapThbl.
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