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BBeaeunue

B Cranjapre 0600111eH MHOTOIETHHIA OTBIT B 00JACTH OIIEHKH IIPOYHOCTH TEXHOJOTH-
YeCKHX CTAIBHBIX TPyOonpoBoxoB. HeobxoaumocTs B pa3paboTke CIELHAILHOTO HOPMATHB-
HOTO JOKYMEHTa [0 Pacyery Ha IMPOYHOCTb 00yCHOBjIeHA creluUKOH TeXHOJIOTHYECKHX
TpyOOIPOBONOB, KOTOPbIE XaPAKTEPH3YIOTCS '

® IIOBBILIEHHOW OMACHOCTHIO TPAHCIIOPTHPYEMBIX cpejl (KOPPO3HOHHAsi aKTHBHOCTD,
B3PBIBO- U [I03KAPOONACHOCTD, TOKCHYHOCTD )

@ IIPOKKM AMANA30HOM H3MeHeHHs PaboYrx mapaMeTpoB (TeMNepaTyp, AaBjeHuil)

® pa3sHOoOOpa3HeM BO3MOMKHBIX MEXaHM3MOB pa3pyLIEHHs B Pe3VJIbTaTe CTaTUYECKHX,
[MKJINYECKHMX M JUHAMUYECKHE BO3AEHCTBUIA.

[IpuMensiouecss A0 HACTOSILIETO BpeMeHH «YKasaHMs NMO pacyeTy Ha IPOYHOCTh M
BUOPAIMIO TEXHOJOTHYECKNX CTaIbHBIX TpyGomposoxoB, PTM 38.001-94» [1] ycrapenmu.
Oco6eHHO B 4aCTH OILIEHKH MPOYHOCTH HauOoiee HANpSKEHHBIX JI€MEHTOB TPYOOIIPOBO-
[0B — OTBOJOB, BPe30K M TPOHHUKOB. OT/ie/bHble MOJ0XKEHU HOTPeOOBAIOCH IIPUBECTH B
cootBercTBHe ¢ «[IpaBunaMu ycrpoiicTBa M Ge30MacHON 3KCILTYaTallMd TEXHOJIOTHYECKHX
Tpy6onpoBoaos, I1B 03-585-03» [2] u ApyruMH HOPMATHBHBIMH JOKYMEHTAMH [0 PacYeTy Ha
NIPOYHOCTD, BBEZEHHBIMH B aeiicTBie mocae 1995 roga [3], [4], [5], [6]. I1pu aToM npoBeneHa
rapmonusanus ¢ nopmamu CIITA ANSI/ASME [12], [15], [16].

JOKYMEHT COZepP:KUT OCHOBHBIe TPeGOBaHHS K PacyeTy Ha CTaTMYECKYIO M IHMKJIHYeC-
KYIO ITPOYHOCTD, & TAK)KE BUOPAIHIO TEXHOAOTHYECKHX TPYOOIIPOBOIOB M3 YIiIepOAUCTOI 1
NerHpoBaHHOM cTasielt ¢ paboyeli Temneparypoii ot Mutyc 196 10 moc 700°C u oTHOWEHH-
€M TOJIUIMHEI CTEHKH K HapyXHOMY amamerpy [ —C 0,2

D

[ToBepouHEIi pacuetr TPyOONPOBOAA MPELYCMATPHBAET OLEHKY CTATHYECKOM W HHKJIH-
YeCKoif IPOYHOCTH NOJ AeHCTBHEM HArPY30K, COOTBETCTBYIOIMIUX KaK HOPMAaTbHOMY T€XHOJO-
TMYECKOMY PEXHMMY, TAK M TOTYCTHMBIM OTKJIOHEHHSIM OT TaKoro pexnMa, O1eHka HpOYHOCTH
MPOBOJMTCS pa3ieIbHO Ha JIeiiCTBHe He CAaMOYPAaBHOBEIIIEHHBIX HArpy30K (BeC U BHyTDeHHee
JaBiIeHHe) M C YY4eTOM BCeX Harpyxaiomux (akTopos, B TOM YHCJIe TeMIepaTypHbIX gedop-
maruii. 1Ipu cobstoiennu YCI0BHA HAKINYECKOH MPOYHOCTH, JAOMYCKAETCSA 3HAYMTENbHAS
KOHIIEHTDPAIMA MECTHDIX HAIPSDKEHH, 00YCNOBIEHHBIX TEMIIEPATYPHBIM HATPEBOM.

TpeaycMoTpen pacyeT TPpyOONMpoBOaa Ha BHOPAMIO TP MYCKOHATAOYHBIX paboTax u
aKcIuTyaTauuu. IIpuBeseHs peKOMEHAAIIUH 10 ONPEAeSIEHHIO aMIITUTY (bl U YaCTOTHI MYJIb-
canuii 1aBneHust pabodeil cpeibl, reHEPUPYEMBIX 0O0OPYIOBAaHHEM, H COOCTBEHHBIX YacTOT
Kosebanwuii Tpy6onposoaa. CHopMyaHpoBaHbl YCAOBHS OTCTPOMKH TPYOONPOBO/a OT Pe3o-
HaHca. [laHbl KpUTEPHH IPOYHOCTH TPYOOIPOBOIa IPH HANMYMH BUOPALHH.

[TpunoxeHus: comepKar MeTOAbI PeIleHHs psifa crelm(uIeckux 3aja4, CBA3AHHDIX C
pacyeTaMy NPOYHOCTH H HAJIE)KHOCTH TEXHOJNOTHYECKUX TPYOOIPOBOIOB.

CraHaapr npexHasHayeH ANl CHEUMATHCTOB, OCYIIECTBISIONIMX [IPOEKTHPOBaHHE,
CTPOMTESIBCTBO M PEKOHCTPYKIMIO CTATBHBIX TEXHOJIOTHYECKUX TPYOOIPOBOAOB B HedTeme-
pepaboTKe, XAMUHM H HePTEXUMHUM.
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1.1. O61acTh NpUMEHEHHS

1.1.1. Hacrosammii ctanaapt «Pacdyer Ha NPOYHOCTD U BHOPALMIO CTAIBHBIX TEXHOMO-
rMYeCKHX TPyOOIIPOBOJAOBY COEPKHUT OCHOBHBIE MOIOKEHUS 110 pacdeTaM Ha CTaTHYECKYIO
M IIMKJIWYECKYIO NPOYHOCTb, a TaKkKe BHOPALMIO TEXHOJOTMYECKHX TPYOOIPOBOAOB H3
YIJIEPOAUCTOM U JIETHPOBaHHOI cTasieii ¢ pabouuMm aassienueM or O mo 10 MIla u paboueii
Temrepatypoii ot munyc 196 g0 mmoc 700°C 1 oTHOIIIEHHEM TOIIIMHBI CTEHKH K HApYKHOMY
auaMeTpy (YCJIOBHBIE 0O03HAYEHHS CM. HIKE)

% <0,2

1.1.2. CraHaapT pacHpoOCTpPaHSA€TICS Ha NPOEKTHPYEMEbIE, BHOBb H3TOTaBIHBaeMEIE M
MOJEPHU3MPYEMBIE CTAJIbHBIE TEXHONOTHYECKHEe TPYOONMPOBOALI, NpeiHA3HAYEHHbIE ANS
TPaHCIOPTHPOBKH ra3006pa3HbIX, NapO0OPa3HbIX H )KHAKHUX CPEA U SKCILTYaTUPYIONIHECs Ha
OIACHBIX IPOU3BOJACTBEHHBIX 00BEKTAX B 3aKPITHIX 1[€XAX, HAPY/KHBIX YCTAHOBKAX, a TAKXKe
MPOKJIAJIBIBAEMBIX HaJ3€MHO Ha HH3KUX, BRICOKHUX OMOPAaX, CTAKAAaX M MOA3E€MHO B HETPO-
XOJHBIX H TIOJTYIPOXOAHBIX KaHanax. CTaHAapT He paclpocTpaHserTcsi Ha TPYOONpOBOILI,
TpeBOBaHHS K IPOYHOCTH U HAZTEKHOCTH KOTOPHIX persiaMenTHpyioTest HopMavu pacuera Ha
NPOYHOCTD CTALHOHAPHBIX KOTJIOB H TPYOONPOBOAOB Mapa M ropsiyeil Bojbl [3].

1.1.3. CraHaapT COXEPKUT OnpeieeHHE TOJIIHHBI CTEHKH 3JeMEHTOB TPyOOnpoBoja
10 YCJIOBUIO OOecIieyeHHs HX Hecyulell CNOCOOHOCTH MOJ AeHCTBHEM BHYTPEHHErO AaBile-
Husi.  IloBepouHsiif pacyeT TpyboONpoBOAa NPEAYCMATPHBAET OLEHKY CTATMYECKOH H
IUKJIMYEeCKOil IPOYHOCTH 10 JeHCTBHEM HAarpy3oK, COOTBETCTBYIOIIMX KaK HOPMATIBHOMY
TEXHOJOTHIECKOMY PEKUMY, TaK H JOMYCTUMbIM BapHAHTAM OTKJIOHEHHS OT TAKOTO PEXKHMA.
TIpeaycMorpeH pacueT TpyOONpPOBO/ia HA BHOPAIMIO IIPH MYCKOHATANO0YHBIX padoTax M 9KC-
IUTyaTalMH.

BuyrpenHie cisioBble (haKTOPbI H PeaKIIHH ONOP ONPEAEISIOTCS PACYETOM TPYHOIIPOBO-
Jla KaK YIIPYToif CTep)KHEBOI CHCTeMBI C YIETOM PeabHOM TMOKOCTH 3JIEMEHTOB U CHJI Tpe-
HHA B onopax ckonbxeHus. Harpysku Ha 060pya0BaHHe H OHOPHI ONPeAEIIOTCs B paboueM
¥ Hepabo4eM (XONOHOM) COCTOSIHUSX TPYOOTIPOBO/A, @ TAKKE NP MCIIBITRHUSIX.

OlLleHKa MPOYHOCTH NPOBOAHTCSI PA3leNIbHO Ha JEHCTBHE HE CaMOYPaBHOBENIEHHBIX
Harpysok (BecoBble H BHYTPEHHee JaBjleHHe) H C YYeTOM BCeX Harpyamommx (Gpakropos, B
TOM YHCJIe TeMIepaTypHbIx Aedopmanuii. IIpu cobmoaeHn YCI0BAH HHKIAYECKOH Mpo-
YHOCTH, AOITYCKAeTCS 3HAYUTEIbHAsI KOHIIEHTPALMSI MECTHBIX HANPSAXEHUIT, 00YCIOBIEHHBIX
TEMIIEPAaTyPHBIM HarpeBoM B paboyeM COCTOSIHHH TpyGOmpoBo/a.

H3noxeHbl cOCOOBI OIpesesieHr e aMILIUTY/Ibl 1 YaCTOTHI Iy IbCALIMii JaBIeHHs pabo-
4eii cpeJibl, reHepHpPYEMbIX 000PYA0BaHHEM, U COOCTBEHHBIX YaCTOT KoJebaHuil TpyHonpoBo-
Aa. ChopMyTHPOBaHB! YCAOBHS OTCTPOIKH TPYOOIIPOBOAA OT pe3oHaHca. JlaHbl KpUTepHH
[IPOYHOCTH TPYOOIIPOBO/IA IIPH HATHMYHH BUOPAIUH.

1.1.4. B 060CHOBAaHHBIX CJTy4asix BO3MOXKHO [IPHMEHEHHE [IPYTHX METOIOB PacdyeTa Ha Ipo-
YHOCTDb M BHOPALMIO, OTIMYAIOLIMXCA OT HACTOSIUMX. PelieHne 06 3ToM IPUHAMAET Pa3paboTanK
NPOeKTa.
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1.2. Knaccudukaius tpy6b0onpoBo 0B

ITpu npoBepoyHbIX pacyeTax B 3aBHCHMOCTH OT YPOBHSI TEMIIEPATYP H I TEIbHOMH I1PO-
YHOCTH MaTepHasa, pa3iH4aloTCs CPefHe - ¥ BEICOKOTEMIIEpaTyPHble TPYHOIPOBOILL.

K BbICOKOTEMITEPATYPHBIM OTHOCATCS TPYOOMPOBObL:

® 13 YIJIEPOAMCTOW H HH3KOJIETHPOBaHHOW CTamu mpu pabodeil TeMmmeparype Bbllie

370°C;

® 13 JIETUPOBAaHHOMN ayCTEHUTHOW CTaju ipu paboueit Temmeparype Bbinte 450°C.

K cpexaneremueparypHsiM TpybonpoBoaaM OTHOCATCS TpyGonposBoas:, pabodas
TEMIIEPATYPa KOTOPHIX HE, IIPEBBILIAET YKA3AHHBIX IIPEIEIOB.

1.3. OcHOBHBIE TIOJIOKEHHUS MO PACUETy
Ha MPOYHOCTb H BHOPAILHIO

1.3.1. Pacuer TpyGonpoBOAOB Ha IPOYHOCTb OCYLIECTBIIAETCS [0 PACYETHOMY H30BITOY-
HOMY /IABJIEHHIO U PacYeTHOMN TEMIIEpaType ¢ yYETOM arpeCCHBHOCTH CPEIbL.

1.3.2. PacueTHOe H30BITOYHOE JaBIAEHHE CIIEYeT IPUHUMATD:

- 17151 TPyOONIPOBOAOB, PAOOTAIONMX COBMECTHO C alllapaTaMH — IO PaCYETHOMY AaBJie-
HUIO JUIsi aNiapara, ¢ KOTOPBIM COeIHHEH TPYOOTIPOBOL;

- LISl HAOPHBIX TPYOOIPOBOAOB (IOCIE HACOCOB, KOMIIPECCOPOB, TA30AYBOK) — II0 MaK-
CUMAaJTbHOMY JIaBJIEHHIO, PA3BUBAEMOMY MCTOYHUKOM JaBjI€HHS TP 3aKPBITON 3a/{BUXKe (B
cliy4ae 1eHTPOOEeKHOM MaIHHBbL);

- ist TPYOONPOBOAOB € NMPEJIOXPAHUTEBHBIMHA KJIAMAHAMH — 10 IaBJIEHUIO HACTPOHKHU
NPEOXPAaHHUTENBHOTO KJanaHa.

Tpy60npoBOAEl, KOTOPBIE TIOABEPrAIOTCHA UCIILITAHHIO HA MPOYHOCTE H ILIOTHOCTH COB-
MECTHO C ANNaparoM, MOAJEXKAT PacuyeTy Ha MPOYHOCTb C YYETOM JaBjeHHs HCIBITAHUS
amnmapara.

1.3.3. PacueTHas TeMmepaTypa JI0JiKHa COOTBETCTBOBATh MAKCHMANMLHOM TeMIepaTrype
TpaHCHOPTHPYEMOH cpebl. IIpyn oTpunaTebHOM paboyeil TeMITEpaType CBOHCTBA MaTepraia
(monmyckaeMble HANPSDKEHHS, MOAY/Ib YIIPYTOCTH U T.IL.) ONIPEAEAAIOTCS MPH TeMilepatype
20°C.

1.3.4. [na mpeIBapuTebHOH PacCTAaHOBKH NPOMEXYTOYHBIX OIIOD PEKOMEHAYETCS
MMOJBb30BAThCA NMPHIOXKEHHEM 1.

1.3.5. Boibop ss1emMeHTOB (hilaHIIEBbIX COEAHHEHMH A1 paboYHX YCIOBHIA OMMCAH B IPH-
JIOXKEHUH 3.

1.3.6. PexoMeHalMu 110 BHIGOPY CWIL(OHHBIX M JTMH30BBIX KOMIIEHCATOPOB COXEPXKAT-
Cs1 B IPUJIOKEHUUH 4.

1.3.7. TloBepounbiii pacyet TPyOONIPOBOAOB Ha IPOYHOCTH BBIIIOHSIETCS B COIJIACHO Pas-
Aeny 7.1 ¢ y4eToM Harpy3oK U BO3€HCTBHH, BOSHUKAIOIIMX [PH CTPOHTEIbCTBE, UCITBITAHUH
U 3KCIUTyaTaiuy. BHyTpeHHME CHIOBbIE ()aKTOpPbl B PACYETHBIX CEYEHHSX TPyGoIpoBoia
ONpeNIeAI0TC MEeTOAAMHU CTPOUTENbHOM MEXaHHKH CTEPKHEBBIX CHCTEM C y4€TOM THOKOCTH
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oTBOJOB (cM. npusioxkenue 2). Tpybonposoanasi apMaTypa paccMaTpHBaeTcsi Kak Hefedop-
MUpYEMOe TeJI0.

1.3.8. PacueTHBle 3HaYeHMsI HATPY30K IPH OLEHKE CTATHYECKOH M IUKIMYECKOH IIPO-
YHOCTH OINPEeASIAIOTCS KaK MPOHU3BefleHHE HX HOPMAaTHUBHOIO 3Ha4YeHHS Ha Ko3(GdUIHeHT
neperpy3ku Y. TUIbl HarpY30K M Bo3AeiicTBUI MpUBeAEHDI B pasaee 2.

1.3.9. AMIUINTYABI ¥ YaCTOTHI IyJIbCALMi IaBJeHHs B TPyOONPOBOE, a TAKIKE YaCTOTHE
cOOCTBeHHBIX KOIebaHUH onpejesaioTcs B pasaenax 2.2 u 8.

1.3.10. MeToxn! 3a1iHTH! TPYOOIPOBOAOB OT BUOPALHU PACCMATPUBAIOTCA B IPHIOKE-
HHH 5.

1.3.11. Pacuer HazHayeHHOTro pecypca (PacueTHOro CPOKa CIIy»K0bI) TPyOOIPOBO/Ia IPH-
BEJIeH B MPUIOKEHWH 6.

1.4. YcaoBHbie 0003HaAYECHUS

A, — IJIOIIAZb TIOIEPeYHOTo cedeHusi TpyObl, MMZ;

A, Ay — YKDeILIAONIHe NI0MWAIH HAKTAAKH 1 INTYIepa, MM2;

4y s — pagHychl HAYATbHOH M KOHEUHOI IOTYKPYTOBbIX TPELUH, MM;

- — IIMPHAHA HAKJIAJIKH, MM;

b — NIMPHHA YIUVIOTHUTENBbHOH NMPOKIAIKH, MM;

C,C, C, — npuOaBKYU K TOAMIHHE CTEHKH, MM;

c — CKOPOCTbH 3BYK2, M/CEK;

D, D, — HADY>KHbIH U BHYTPEHHHI UaMeTp TPYObI HIIH JETaiH, MM;

Dy — HOMHHAIBHBII inaMeTp (YCJIOBHBII IPOXOT), MM;

d — HapY>KHBIH JIHaMeTp IITYIepa (OTBETBAEHHS ) WK JHAMETD HEHTPATHHO-
IO OTBEPCTHS B 3aTJIyIIKe, MM;

dy — AOIMYCTHMBIH IHAMETD OTBEPCTHS He TPEOYIOMIEro YKPEILIeHHs], MM;

d; — BHYTPEHHHH JiHaMeTp 1uTylepa (OTBETBJIEHHS ), MM;

deq — KBHUBAJIEHTHBII AMaMeTp OTBEPCTHS LIS AETAMHU C BLITAHYTOH rOpPJIOBH-
HOM, MM;

ELE, — MOIYJIH YIPYTOCTH B XOMOAHOM COCTOSIHHH W IIPH pabodeii TeMmeparype,
MITa;

f; — cobcTBenHast yacTota Koaebanuii Tpybonpososa, I;

f; — YaCcToTa BO3MYILAOIIeH Harpy3kw, Iy,

H — Ge3pa3MepHBbIi TapaMeTp, XapaKTePU3YIOIIHil KOHIIEHTPALHIO HanpsixKe-

HUi u3ruba B TPOMHMKE;
h — BBICOTA BBIMYKJIOH YaCTH 3ar/IyLIKH, MM;
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by, By — pacueTHbIe 3HaYeHHUs BBICOTH! IITYLEPa, MM;

I — MOMEHT HHEpIIHH IIOIIEPEYHOTO CedeH s TPYGHI IpH HaTH6e, MMY;

I, L — MOMEHTbI MHEPIMH TIONEPEUHOT0 CEYEHM WITyNepa IpH H3rHbe U Kpyde-
HuH, MM

k; — K03hPHIHEHT KOHUEHTPAIHK HANPSPKEHNH B OTBOAAaX H TPOHHHKAX;

K, Kp* — K03GbPUIIHEHTI THOKOCTH H30THYTO# TPYOHBI, COOTBETCTBEHHO 6e3 yuyera
U C YYETOM CTeCHEHHOCTH edropMaliy ee KOHIEBBIX CeYeHUI;

K, — aMnanuTyZa 3pQPeKTUBHOTO 3HaYeHMs1 KoagpuneHTa MHTEeHCUBHOCTH
HanpsAXEHWH, COOTBETCTBYIoNIero nopory yceraiocra, MIla;

l — pacyeTHas [TMHA 3JIEMEHTOB, MM;

L — AJIUHA TPYOH WiIH NPOTETa, M;

M ” My — M3rHdarolue MOMEHTHI B ceueHuH, Hyn;

M, ~— KPYTSIIIUI MOMEHT B IollepeyHoM cedeHuH, Hmm;

m — Macca OZHOTO MeTpa TPYOOoIpoBoa, K/ M;

N — 0CeBoe YCUJIUE OT AONOAHHTENbHbIX HAaTPy30K, H;

N, N, — PpacYeTHOE YHCJO TNOJHBIX IMKJIOB, COOTBETCTBEHHO OT COBMECTHOIO

JefCcTBHS BHYTPEHHETO /IaBJACHHS H AOIIOJTHHTEIBHBIX HATPY30K H TOJIBKO OT I[eﬁCTBHSI BHYT-
PEHHETO JaBACHUS,

]Vcd’ Ncpa’ — YHCJIO IIOJIHBIX HHUKJIO0B, COOTBETCTBEHHO OT COBMECTHOIO ﬂeﬁc-
TBHA BHYTPEHHETO JaB/ICHHUA H AOITOJHHUTEIBHEIX HAarpy30K H TOJbKO OT JIC€UCTBHUA BHYTPEH-
HEro AaBJACHHA,

Na.’ N_,; — YHCJO IOMHBIX IIHKIOB, COOTBETCTBEHHO € aMILTHTY/IOH 3KBUBa-
JIEHTHOTO HaNPsAXEHHMs G,4,; U C pa3MaxoM Kojaebanuii fapieHus AP;

[N}, — AOMYCKaeMoe YHCIO TOJHBIX HUKIOB 1PH BUOpauuy;

n — 4KCiI0 000POTOB Basa, 00/MUH,;

My, My, My, 1 — K03(h®HUIIUEHTHI 3a11aCa, COOTBETCTBEHHO: 10 BpEMEHHOMY COIIPO-
THBJIEHHIO, 110 [IPeJesIaM TEKYYECTH, ATUTENbHOMH [IPOYHOCTH U MOJA3YYECTH;

P, [P], Pp, Py — BHYTpeHHee JaBJienne, COOTBETCTBEHHO: PAacyeTHOE, JIOIMyCTH-
Moe, paboyee u ycaoBHoe, MI1a;

R — PpaaHyc KpHBH3HBI OCEBOI JTUHHH OTBOAA, MM;

r — PaJMyC CKPYT/ICHHU#A TOPJIOBUHDBL B TPOITHHKOBOM COEIUHEHUH, MM;

R,, R, R,p R20, R?R 20— BpeMenHOe CONPOTHBIIEHHE, IIPe/iel TEKYYECTH U yCIIOB-
HBIH TIpefiesT TeKy4ecTH COOTBETCTBEHHO IIPH pacueTHOH Temreparype n 20°C, MIla;

Ry /10% Ry10/10°  — MPEBEsl AMUTEABHOH POYHOCTH U NOA3YYeCTH IPU pacueTHOH
TeMneparype, MIla;

T — TeMueparypa Tpybonposoxa, °C;
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Tzf: T4f — (UKTHBHbIE TEMIIEPATYPHI IIPH pacyeTe BHICOKOTEeMIIEPaTYPHBIX
Tpy6OnpoBo/i0B Ha 3Tanax 2 u 4 NoBEepOYHOro pacdeta, °C;

t — HOMUHAJIbHAS TOJIIMHA CTEHKH TPYOHI, DaCOHHOI AeTATH, MM;

t — HOMHMHATbHAS TONNIMHA CTEHKH HITVI(epa (OTBETBJIEHHS ), MM;

ot o — pacueTHble TONIMHHB CTEHOK MariHCTpaaH ¥ mTylepa (0TBeT-
BJIEHHUS);

Lo tp; — pacyeTHBIE TOJLIMHBI CTEHOK TPYOBI 1 PacoHHOM neTanu, MM;

t, — JKBMBAJICHTHAs TOJHHA CTEHKHM MardcTpaiy TPOHHWKA, MM;

1% — CKOPOCTH [IOTOKA B TPYOOIPOBOIE, M/ CeK;

w — MOMEHT COTIPOTMB.IEHHs1 TIONEPEYHOTO CEeYEHHst TPH M3THbe, MM,

X; — cH;I0BOIH (haKkTOp Ha i-TOM 3Tane pacyers;

i d; — k03¢ (PHIUEHTHl KOHLIEHTPALUH NPOJ0IbHbBIX HAIIPSKEHHIH;

Y; — K03 duLHEeHT neperpy3KH A/ BO3AEHCTBUA i-TOTO THIA;

) — k03 duIHeHT peakcauyy KOMIIEHCAITHOHHBIX HaNIPSKeHUiT;

0 — HOMHWHIbHBIH yTOJ IOBOPOTA OTBOAA, IPAJ;

A — Oe3pasMepHBI NTapaMeTp, XapaKTepU3YOIHH NOHMKEHHYIO
3KECTKOCTD OTBO/A [IPU AEHCTBHH H3TMOAIOINEr0 MOMEHTA;

€ — koapurpent crecHenus gedopMaiui n3rnba Ha KOHIAX
OTBO/Z;

ZA — CyMMa yKDeIIAomuX Iioniajeii, MyM2;

c — pacyeTHOe KOJbIeBOE HAINPSDKEHHE OT BHYTDEHHETO JaBJIEHUS,
MITa;

C,ps Cppi — aMILTHTY/ibl 3KBHBAJIEHTHOIO HAMpsDKEHUs ITOJIHOrO IUKJIA i-To

peskuMa Harpyxenus, MIla;

Lo I — MaKCHMAa/bHas aMILTHTY/a Hanpshkenuii mpu  ubpanau, M1la;

(oS [ | — pacyeTHAs ¥ AOMYCTHMAS AMILTUTY/AB! HATIPSKEHMIT Ipi BUOpa-
1y, MIla;

c, — 3KBHBajieHTHOe Hanpspkenne, MIla;

G, — CYMMapHOe cpejiHee 0CeBoe HalpsiKeHHe OT BHYTPEHHETO AaBiie-
HUsI, OCEBOM CHABL i Harnbaouiero Momenta, MITa;

Gy, — CpejlHee 0CeBOe HanpsiKeHHe OT BHYTpeHHero jasyenus, Mlla;

O — oceBoe HaNpsKeHHe oT uarubaoiero MomenTta, MIla;

O,y — HaIpsikeHHe oT oceBoi cunbl, MITa;

(o], [629] — HOTycKaeMble HaNpsKEHUs IIPY PacueTHOH U HOPMaIbHOH TeM-

nepatypax, MIla;
10
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o], — JOIIyCKaeMble HANPsDKEHMs AJIS VKPEIUIIIONIMX AeTaneil Ipu
pacueTHOH Temneparype, MIla;

[o,] — AOIyCKaeMas aMII/IMTYZa 3HaKONepeMEHHBbIX HaNpsKEeHWH 1Mpu
HUKIHYECKHX Bo3jeficTBusix, MIla;

o, — JOIyCKaemas aMILTATY/Ia BUOPALHH, MKM;

T — KacareJbHOe HarpspkeHHe oT kpydenust, MIla;

0} — KO3(pDUIMEHT CHIKEHMSI TPOYHOCTH 3JIEMEHTa;

0F — k03¢ dULHeHT CHIDKEHNS TPOYHOCTH 3IEMEHTA C OTBEPCTHEM;

o, — KO3 (HUUHeHT CHUKeHHMS IPOYHOCTH 3JTEeMEHTA CO CBAapHBIM
LIBOM IIPH pacyeTe Ha BHYTPEHHee JaBJeHHE;

@, — K03(hPUIUEHT CHIDKEHUS MPOYHOCTH NONIEPEYHOTO CBAPHOIO
LIBa [TPH pacyeTe Ha JeHCcTBHe U3rHOaIomIX MOMEHTOB H HPOAOIbHOMH CHIIBL;

X — Ko3(phuruenT ycpeHeHUsl KOMITIEHCAI[HOHHBIX HATIPSKEeHMIA;

o, ®, — TlapaMeTp BHYTPEHHETO JaBIeHNs;

w; — Kpyrosast cOOCTBeHHas 4acToTa, 1/cek.

11
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2. Harpy3ku u BO3a€iCTBUSA

2.1. Harpy3ku u Bo3/1€eMCTBHS NIPU pacyeTax
HA CTaTHYECKYI0 H IHKJIHYECKYIO IPOYHOCTD

2.1.1. YuuThIiBaeMbI€ B pacyeTax Ha CTaTHYECKYIO H HHKAHYECKYIO IPOYHOCTD Harpy3Ku
M BO3JEHCTBHSA, 4 TAKXKE COOTBETCTBYIOLIHE UM KOI(P(QUIMEHTHI MTeperpy3KH NpuBeIeHsl B
tabaune 2.1.

Tabauna 2.1

. Crocob
Harpysku 1 Bo3jelicTBus NpOKIATKH
Koadbunuent
Ha- meperpy3ku
agp Hoa-
Bux i XapakTepHcTHKa semupii | 3EM
HBI
1 cobcTBeHNbIM Bec TpYGOII-
POBOA U OIMHPAIOUINXCS HA + + 1.1
Hero KOHCTPYKIHit
2 BeC U30MSIHN + + 1,2
TTocTosAHHbIE
3 NpeABaPUTEIHHAS PAaCTKKA
TPyGONPOBOAA, HATST YIIPY- " + 1.0
THX OIIOP, TPEHHE B ONOpax ’
CKOTbXKEHHS
4 BHYTPEHHeE JaBjIeHHe + +. 1,0
3 TeMIeparypHuie AedopMai + + 1,0
TEMIIepaTyPHbI niepena B + + 11
CTEHKe
JmurenbHble
7 BEC TPAHCIIOPTHPYEMOro . + 11
BEIEeCTBA
8 BEC OTIOXKEHHI 4 + 1,2
4 KOHJIeHcarTa
9 CHeronas - + 1,4
10 BETpOBast - + 1,4
KpatkoBpeMeHHsie 11 npu cpabaTtbiBaHny TPETOX- : + 14
PaHHUTEIBHOrO KIanaHa ’
12 | npu cTpouTesIbCTBE H HCIIBI- + . 10
TAHMSIX
13 a3pyIIeHHE 000PYAOBAHHS
Ocobbie paspy ] Py, ' + + 1,0
TH/IPABIHYECKHIL yaap

12
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IIpumeyanus:

1. 3HaK «t» O3Ha4aeT, YTO HArpy3KH M BO3NEHCTBMSI YYMTBHIBAIOTCA B pacyeTe Ha
MPOYHOCTD, 3HAK «-» HE YYUTbIBAIOTCS.

2. K KpPaTKOBPEMECHHBIM BO3}.[eﬁCTBHﬂM OTHOCATCA [JaBJ€HHE H TEMII€EPATyPHDbIC
nedopMaIii IpH HCIBITaHUSX.

3. Ecim Tpy6OnpoBO MOABEPraeTcsl THAPABIHYECKUM HCHBITAHHMSM, TO IIPH OLEHKe
BECOBBIX Harpy30K YYHMTHIBAIOT MacCy BOZBI.

2.1.2. TIoBepouHBI pacyeT TPYOONPOBOAA OCYILECTBSETCS. KaK Ha MOCTOSIHHBIE H
AnuTeIbHble Harpy3ku ¢ mudpamu 1-8 B Taba. 2.1 (pexum IIJIH), Tak u Ha KONOAHH-
TeJbHbIE BO3/eiiCTBHs KPaTKOBPEMEHHBIX U 0COOBIX Harpy3ok ¢ mudpamu 9-13 B Tadi.
2.1 (pexum IIITKOH). IToBepouHsiii pacueT NpOBOAMTCS, KaK MPAaBHIO, IS PEXKHMA
[ITH. Heo6xoaumocts pacyera pexuma [IJIKOH, kak u BbiGOp THIOB KpaTKOBpe-
MEHHBIX U 0COOBIX HArpy3ok u3 rabiu. 2.1, ompejaessieTcss NIPOeKTHOH OpraHusaluei.
CootrsercrBytomue pexumaMm II/IH u I[IJJKOH xpurepuu mpoyHOCTH HPHUBEZEHBI B
nyHkre 7.4.

2.1.3. HopMaTuBHbIe HATPY3KH OT COOCTBEHHOrO Beca TpyOOIpOBO/Ia H U30SIUH OTIPe-
JEMSIFOTCS. Ha OCHOBAHWH CTAaHIAPTOB, PabOYMX YepTexell U MACTIOPTHHIX AAHHBIX I10 HOMH-
HAJIBHBIM pa3Mepam.

2.1.4. HopMaruBHble HArpy3KH OT MNpPEJBAPUTEIBHOTO HATSDKEHHS TPyOOIpOBOAA,
PACTSDKKH KOMIIEHCATOPOB M HATAra YNPYTHX OMNOP ONpeAeNsioTcs NMPoeKToM. B omopax
CKOJIBK€HHSI IPH OTCYTCTBUY JIONMOIHUTENBHBIX AAHHBIX AOIYCKAETCS IPUHHMATh BEAHYHHY
ko3¢ HIeHTa TPeHHs MeTalIa o MeTaLTy (CTajib Mo cTaiu) pasHoii 0,3.

2.1.5. HopMaTHBHOe JaBJeHHE TPAHCIOPTHPYEMOTO BEIECTBA MPHHUMAETCS] PABHBIM
PacyeTHOMY /IaBJICHHIO.

2.1.6. HopmatuBHBIE Harpy3kd OT TeMIepaTYpPHLIX AedopManuil OnpenesisiioTcs mpo-
€KTOM I10 Pa3HOCTH Pabodeil TeMIepaTypsl U TEMIIEPATYPBI HAPY’KHOTO BO3/IyXa XOJIOAHOIO
nmepHoja roia, Korxa GUKCHPYeTcss CTaTHYeCKH HeompeleauMas cHCTeMa TpyOomnpoBoza
(3aBapuBaeTCs IOCJHEHIH CTHIK Ha MOHTAXe).

2.1.7. Heo6X0AHMMOCTh yYeTa HalpsKeHUH OT HePaBHOMEPHOTO DacIpefieJIeHUs] TeM-
NiepaTyp Mo TOJIHHE CTEHKH KaK ISl ePEeXOIHbIX, TaK M JIs1 YCTAHOBHBIIUXCS TEIIOBRIX
PEXUMOB paboTHI TPYOOIPOBOAA ONPEEAeTCs IPOEKTHOM OpraHu3aueii.

2.1.8. HopMaTHBHYIO Harpy3Ky OT OTJIOKEHMI M KOHJIEHCATa OIPeIeAoT o oTpacie-
BOIf HAYYHO-TEXHHYECKOH JOKYMEHTAIIHH.

2.1.9. HopMaTHBHas CHeroBast Harpy3Kka Ha eIHHULY [THHBI TOPH3OHTAIBHOMN TPOEKITMH
Ha3eMHOro TpyOOIPOBOA PACCYMTHIBAETCA MO GOpMyJIe:

Q5 =0,480(D+2t,), H/m | @.1)

rae: D — wapyxHblii Auamerp Tpy6onpoBoaa, f, — HOPMATHBHAs TOJIIMHA HM3OJIAIUH,

Sy — BeC CHEeroBOro MOKPOBa Ha efuHMIy nomanu B Kila.

13
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2.1.10. HopmaTuBHas BeTpOBAsi HATPY3Ka Ha eIMHHUILY AJHHBI HA3eMHOTO TPYyHONPOBOIa,
Ae#ICTBYIOMAs TIEPIIEHAUKYIISIPHO €T0 OCEBOl BepTMKAIBHOMH ITJIOCKOCTH, ONPEEISAETCA 10
dopmy.e:

qwn = (Wretc + u,dyn )(D+ 2tin)| H/M » (22)

rae cratudeckyio W, v AMHaMH4eCKyio W{,yn COCTaBJIIONME BETPOBOH Harpysku B Klla
TPUHHUMAIOTCS 110 CTPOUTENbHEIM HOPMaM H ITDAaBHJIaM, TIPHYEM MOCICAHSISA BeIMYMHA HAX0-
AUTCA KaK 7151 COOPYKEHHS C IOCTOSIHHOM MMPHHOI HABETPEHHOI TOBEPXHOCTH.

2.1.11. HopMaTuBHBIe Harpy3kH, BO3HUKAIOIIHUE IIPH CTPOUTENBCTBE M HCIHBITAHHUSIX
Tpy6ONpoBOAa, ONPEAEMIOTCA NPOCKTOM B 3aBHCHMOCTH OT cniocofa pou3BoACTBa paboT 1
METOOB UCITBITAHHIL.

2.1.12. Harpyskn M BO3IeiCTBHS, BbI3blBaeMble Pe3KHM HapyIIEHHEM HOPMAaIbHOIO
PeXMMa IKCITyaTal[uk, HAIPUMED: TI0JIOMKO§ 060py/I0BaHMS MJTH cpabaThIBAaHMEM aBapHii-
HBIX yCTPOHCTB, YCTaHaBJIMBAIOTCA B IPOEKTE ¢ YYETOM OCOBEHHOCTeH TeXHOI0rHYeCKOro
IMKJIa TIPOM3BO/ICTBA. Bo3HMKalOIIMeE TIPH 3TOM Harpy3Ku, B TOM YHC/Ie OT TH/IPABIHYECKOTO
yaapa, olpeesIsiloTCs C IOMOIIBIO CHETUANTBHBIX PACUETOB.

2.2, Harpy3ku 1 Bo3/ieiicTBHSI IPpH BUOpaLuu

2.2.1. Harpysku ¥ Bo3/ieficTBUS, BbI3BIBAIOLIHE BUOpalMK TPYGOIIPOBOAOB, Pa3/IeNsiioT-
Cs Ha TPYNIbL

a) MeXaHU4eCKHe BO3EHCTBUS HAa TPYGONIPOBOA CO CTOPOHBI 06OPYAOBaHHA M OIIOP,
BbI3BaHHbIE HEYPAaBHOBEHIEHHOCTHIO JABHXKYIUXCS MacC, H3HOCOM NOIIHUITHUKOB M T.J.

6) HecTalMOHAPHbIE IMPABINYECKHE BO3IEHCTBUSA B pe3yibTare:

® IIyJIbCAIlHY IaBJICHHS Ha BXOZE B TPYOONIPOBOA OT KOMIIPECCOPOB U HACOCOB;

® IIPOXOXK/AEHHS IO CHcTeMe ABYX(a3HOH cpexbl, 0COOEHHO, B MPOOKOBOM peXkuMe,
KaBHTALUH H T.IL

@ OTPBIBHBIX T€YEHHI{ 32 MECTHBIMHU CONPOTHBIECHHSIMH.

2.2.2. AMIHTY B BO30YKIAIOIMX BUOPAIIMH HATPY30K M BO3AEHACTBHIA ONPEAESIOTCS
PacueToM HiIH H3MEPEHHSIMH B TIPOLECCE TYCKO-HAMAJOYHBIX PaboT M 3a1210TCSL B BHJIE Iiepe-
MelleHUH HWiIH BHeITHUX cui. IIpH olleHKe HECTaMOHAPHBIX THAPOAHHAMHYECKHUX BO3aeiic-
TBHI PACCMAaTPUBAIOTCS Te CedeHus TPYOONPOBO/IA, T/E TTPOHUCXOIAT H3MEHEHHUS BETHYHMHbI
M HaIpaBJIeHHsI CKOPOCTH IIOTOKa.

2.2.3. CuiexTp 4acTOT ITy/ibCAliU¥, [€HEPUPYEMBIX TODIIHEBHIMH M IEHTPOOEKHBIMU
MallyHaM# ’

imn
j;'p = 60

rae i = 1, 2, 3... - HOMep TapMOHHKH, 71 - IUCI0 0GOPOTOB Bala B MHH., 71 - YHCJIO LMIHHIPOB
MOPIIHEBBIX I YUCIIO JIOTIATOK LEHTPOOEKHBIX HATHETATEIbHBIX MAIIHH.

: (2.3)

14
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2.2.4. Eciv BO30YAMTEASIMHM TIYSIbCALUI B TPYOONIPOBO/IE SIBJISIIOTCS. MECTHbIE THAPABIIH-
YecKHe COMPOTHBJIEHHS, TO FeHepHUpyeMast IIPH 3TOM YacTOTa PACCUUTHIBAETCS 10 opMyie

fip =(200 +500)% , (2.4)
1
rie V — cKopocTs NOTOKA, D; — AMaMeTp Cy>KeHUs B MECTHOM COTIPOTHBIIEHMH.

st oquHOYHBIX Tperpaj B opMyde (2.4) NpHHAMAETCS MUHUMA/IbHOE 3HaYeHHE YHC-
JeHHoro koadduuuenta pasHoe 200. [Ipy oTcyTcTBHM MecTHOrO cyxeHus (TpsiMasi Tpy6a)
yycneHHsIi K03ddunmenT B hopMye (2.4) npunumaetcs pasHbIM 500.

2.2.5. Insa 1py6onpoBoaos ¢ ABYX(a3HbIM PabOYNM BEIIECTBOM YYMTHIBAETCS BO3MOX-
HOCTb HOSIBJIEHHS THAPOAMHAMUYIECKAX BO3MYIUEHHUi1, OCOOEHHO OLYTHMbIX B IPOOKOBOM
pexkuMe. AMIUINTYIHO-YaCTOTHbIE XapaKTePHCTHKY HECTALIMOHAPHOTO BO3IEHCTBUS IBYX-
(hazHOro IOTOKA HAa MECTHBIE COPOTUBJIEHUSI ONPENeNSIOTCS IPH IYCKO-HAJIAJOYHEIX pado-
TaX HJIH [IPeBAPUTEIbHBIMH PACUETAMU.

2.2.6. [Ipu npoeKTHPOBAHHY YYUTHIBAETCS BO3MOKHOCTb BOSHUKHOBEHHS PE30HAHCHBIX
aKyCTHYeCKHX Kojlebanuil 1pH cOMKEHNY 3HAYeHHi 4acTOT rAPONMHAMHYECKHX Koseba-
HHH Cpejibl B TPYOONPOBO/Ie. AMILTHTYAHO-YACTOTHBIE XaPaKTEPHCTHKH AKYCTHYECKHX KOJIe-
GaHMH U CIOXKHBIX TPYGONPOBOAHBIX CHCTEM ONPEAEISIOTCS PACYETOM WIM B IpOIlecce
IyCKO-HAJIIOYHBIX PaborT.

[Tpumeuanue. CobCTBeHHYIO YacTOTY aKyCTHYeCKux KosjebaHuii TpybompoBoaa uist
IPAMOJHHENHHBIX Y4aCTKOB PEKOMEHIYEeTCs] ONPeAeJIATh 110 GopMyIaM:

® 1715 TPYOBI C aKYCTHYECKH OTKPHITHIMU HJIM 3aKPhITHIMH KOHIIAMH:

0,5ic
Jip ==7 (2.5)
® /Ui TPYObI C OIHUM aKyCTHYECKH OTKPHITHIM KOHIIOM
0,25(2i-1)c
s (26)

raei =1, 2, 3..., ¢ — CKOpOCTb 3BYKa B M/CeK, L — JTHHA TPYOBI B M.
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3. lonyckaeMble HaNPSAKEHUS

3.1. Jonyckaemoe Hamnpsikenue [G] npu pacyere TpyO U COeIMHMTENbHBIX AeTaNel TpY-
OOMPOBOZA HA CTATHYECKYIO NPOYHOCTH ONPEAENSIOTCS
JUTSL YTIEPOAMCTBIX M HH3KOJIErHPOBAHHbBIX CTalelt

. | RpumRpoa R, Ryyioe Rpr010°
o =min — , , 3.1)
Ny n, ny n,
[/ ayCTEHUTHBIX CTajlei
r
| Rpto Ry, Byt Bproj10°
G =min D) ’ 3 (3.2)
| 7 ny M n,

YCI0BHBIH IIPeesT TEKYYECTH OIIpeesisieTCs IIPU OCTaTOYHOH AedopMmariuu

- 0.2% nx1s1 yraepogucThIX M HH3KOJIETHPOBAHHBIX CTajlei (Rpo_z);

- 1% nns aycTeHWTHBIX cTanel (Rp1.0 ).

Ilpu ompeneneHny NoNycKaeMbIX HAaIPSKEHUH JUISA CPeHETEMIIepaTyPHLIX Tpybormpo-
BOJIOB XapaKTEPHCTHKH JTUTENbHOM POYHOCTH R, /105 1 Rp1.0’,105 He HCNOAb3YIOTCH, T.e. B
dbopmyre 3.1 ocTaloTCA TOMBKO JBa EPBHIX YJIEHA B KBAJAPATHbIX CKOOKaX.

3.2, KoabpuiuueHTh! 3amaca 110 BpEMEHHOMY COTIPOTHBIICHHIO 71, TIPEJeaM TEeKY-

YECTH 71,,, INUTETLHOMH IIPOYHOCTH 7 H TIOJI3YYeCTH 7, COOTBETCTBEHHO PaBHBI
n,=ny=15,n,=2,4un, =10 (3.3)

3.3. HopMaTiBHbIE 3HAYEHUS AOIYCKAETCS NMPHHUMATDH /715l 3JIEKTPOCBAPHBIX TPYD U
netaneii mo TOCT 14249-89 [4], a 6ecoBHsix - o P/I 10-249-98 [3].

4. OCHOBHBIE MOJIOKEHH IO BBIOOPY TOMIIUHBI
CTEHKHU

4.1. KoadpuirueHTH NPOYHOCTH

4.1.1. Ilpu pacueTe 3;1eMEHTOB, HMEIOUINX OTBEPCTHS WM CBapHbIE UIBbI, YYHTHIBAETCS
K03(pPUIHEHT CHI)KEHUS TIPOYHOCTH, KOTOPbIH NPeACTABIIET COO0H HAMMEHBIIYIO BEJIHYH-
HY U3 [IBYX 3HAYEHUH Qg U @,

¢ =min [ @4, ¢,] 4.1
4.1.2. Ilpu pacuete OGecuIOBHBIX 371eMeHTOB Ge3 oTBepcTit @ =1,0.
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4.1.3. KoadunueHT cCHIXKEHHS TPOYHOCTH 3JIEMEHTA CO CBAPHBIM IIIBOM @y JUISE CTBIKO-
BBIX COEMHEHUI M3 BCEX MApOK cTaneld, BKII0Yasi XpPOMOMOJ mﬁneHOBaHanueBbIe M BBICOKOX-
POMMUCTEHIE HE QyCTEHUTHBIE TIpH Temmieparype 1o 510°C, pasen:

- 1,0 npn KoHTpoze mBa MO BCeil [AIHHe pagMorpadHyecKuM HJIM Y/IbTPAa3BYKOBBIM
METOaMH;

- 0,8 - a7 Bcex BMIOB 3JIEKTPOCBAPKH MPH KOHTPOJIE 1IBa He MeHee, yeM Ha 10% ero
[UTMHBL;

- 0,7 - 17151 Bcex BH/IOB 2JIEKTPOCBApPKH [PH KOHTpOe mBa MeHee 10% ero AnuHsL;

- 0,6 - 7151 rasonpeccoBoii CBapKH, B TOM YHCJIE A1 BOZOTa30IMPOBOAHBIX TPYO.

JL7ist cCBapHBIX CTBIKOBBIX COEAMHEHH 13 XpoMoMoubaeHoBanaquesbix (12X1MO,
15X1 MO u 1.1.) cTaseii npu TeMnepatype sKCILTyaralui cbiute 530°C 3HayeHus Koapu-
HHEHTA IIPOYHOCTH 10 1. 4.1.3 yMHOX)a10TCs Ha 0,7 HE3aBHCHMO OT 0ObEMa KOHTPOJISL.

ITpu temmneparypax or 510 xo 530°C x03¢h¢HUMEHT MPOYHOCTH IIBA OMPEAENAETCS
JIMHETHBIM HHTEPIOJIHPOBAHHEM.

4.1.4. KoadduumeHT NpouyHOCTH YIJIOBBIX M TABPOBBIX COEAWHEHHH /IS CTajeil Bcex
MapOK MPHHUMAIOT

- 0,8 - npu xoHTpOE mBa pagHorpahUIeCKUM WK YABTPAa3BYKOBbHIM METOHAMH 110 BCEH
JJTHHe 1IBa

- £0,6 - BO BCEX OCTANbHBIX C.Iy4YasiX.

17151 coeuHeHUH B HAXTEeCTKY K0a(¢hHIMeHT NPOYHOCTH CBapHOro iuBa ¢ < 0,6.

4.1.5. JlonyckaeTcst I(pDUHHAMATH JPYTrUe 3HAYEHHS (P C YYETOM YCIOBUIT IKCILUTyaTALIMH U
TNoKa3saTeJiell Ka4yecTBa 97IEMEHTOB TPYOOTIPOBOIOB.

4.1.6. KoappuupeHTbl CHUXEHUA NPOYHOCTH YKPEIUIEHHBIX OTBEPCTHH @, paccMaTpH-
BAaIOTCS B IYHKTE 5.4.

4.2. PacyeTHass ¥ HOMMHAJIbHAS
TOJIIUHBI CTEHOK 2JIEMEHTOB

4.2.1. lna onpefeneHusi pacyeTHOIH TOJIIMHBI CTEHKH lp 3JeMeHTa TpybompoBoaa
UCTIOJIB3YIOTCA (GOPMY.IBI pasjena 5.

4.2.2. HoMuHaTbHAsE TOJIMHA CTEHKH JIeMEHTa ONpefesIsieTcs: ¢ yyeToM npubasku C,
HCXO/IS1 U3 YCIAOBHS:

215+ C (4.2)

c okpyraeHueM 1o Gukaiiimei GoJbiei TOJIIMHB CTEHKH TI0 CTAHAApPTaM MJIH TEXHMYEC-
KHM ycnoBusaM. [lonmyckaeTcs okpyTieHHe B CTOPOHY MeHbIIEH TOJNUIWHEI CTEHKH 3JIEMEHTA,
ecili pasHHIa He npesbinaeT 3%.

PexoMenyemMble HauMeHbIIMe 3HAYE€HUS HOMHHATBHOW TOJIIMHBI CTEHKH 3JIEMEHTa
(Tpy6sl MM ZeTatH TPYOOIPOBOAA) B 3aBUCMMOCTH OT HapY KHOTO AMaMeTpa D npusenennt
B TabJiire.
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Tabauma 4.1

D <25 <57 <114 <219 <325 <377 2426

HawnmeHblmast HOMHHAAb-

HasA TOJILIHHA CTEHKH, MM 1'0 1'5 2’0 2’5 3.0 3’5 4,0

4.2.3. Tlpubaska C Beruuciisiercs 1o ¢popMy.ie:
C=C,+C,, (4.3)

rae

C, — TexnHonoruyeckas npubaBKa, paBHasi MUHYCOBOMY OTKIOHEHHIO TOJIIMHbI CTEHKH
IO CTAHAApPTaM H TEXHHIECKUM YCIOBHSIM;

C, — npubaBKka Ha KOPPO3HIO M 3PO3HI0, MpHHHMaeMasi corzacHo 1B 03-585-03 wan
OTPAaCJIEBBIM JOKYMEHTAM C YYE€TOM PAcYeTHOrO CPOKA IKCILIyaTaIHH.

4.2.3.1. [lns1 Tpy6-3aroToBOK, HCIOIB3YEMbIX A1s1 THOKY OTBOAOB Ha CTaHKaX, MpuGaBka
C, paBHa CyMMe JIOIyCKOB Ha MHHHMAJIBHYIO TOMIIHHY CTEHKH TPYOBI-3aroTOBKH H MaKCH-
MasIbHOe YTOHeHHe rpu rudke. [TocrenHas BeITHYMHA [IPH OTCYTCTBHH CIIEIHATBHBIX yKa3a-
HUii onpeaensietcs BeipaxenueM ¢t / (1 + 2R/D).

4.2.3.2. /Ins netazneit TpybONpOBOIOE, IOJIYYAEMBIX CBAPKO#H M3 TPYO (CEKTOPHbIE OTBO-
Abl, CBapHble TPOHHMKM M T.L) npudaska C; paBHa JOMYCKYy Ha MHHHMAJIbHYIO TOJILIMHY
CTEHKH TPyObI-3arOTOBKH.

4.2.3.3. s peraneit Tpy6onpoOBOAOB, H3rOTABIMBAEMbIX M3 TPYO IyTeM ropsivero u
xonoaHOr0 AepopMupoBanust, npudaska C; paBHA JONYCKY HA MHHHMAJIBHYIO TO/IUMHY
CTCHKH, YKa3aHHOMY B COOTBETCTBYIOIIHX TCXHUICCKHUX YCIAOBHAX.

5. Pacuer Ha nipouHocTh TPYO U (paCOHHBIX
aeTajeil moj ecTBieM BHYTPEHHETO JIaBJIEHH S

5.1. TpyosI

5.1.1. PacuerHast TO/MIHHA CTEHKH TPYObI

. __PD
R~ 2¢[c]+P
/15 BaKyyMHBIX TPy6ONPOBOZIOB TOJUIMHA CTEHKM JIOTIOJHMTENBHO MPOBEpAETCS HA

ycroituusocts coriacHo FTOCT 14249-89 na cocyapl u anmapatsl [4] 1 3a pacueTHOe PHHK-
MaeTcs HanboIblilee 3HaYeHHE

(5.1)
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5.1.2. JlonycTiMOe BHYTpEeHHEE AaBIEHHE

[P]= 2[0‘]-([)(t—C)

53
D-(-0) 3
3.2. OTBOABI
5.2.1. PacyeTHast TOIIIMHA CTEHKH T'HYTBIX U KPYTOU3OTHYTHIX OTBOIOB
tri=kitg, (54)

rie koapuinenT k£, 6epercs no Tabi. 5.1.

Tabauma 5.1

R/(D-tg) >20 1,5 1,0
ky 1,00 1,15 1,30
Ilpumevanns.

- 7151 NPOMEXYTOYHBIX 3Haueruit R/(D-ty), k| onpeneasercs TUHEHHOR UHTEPIONS-
uuei;
- ecmu R/(D-tp) <1, ky npunumaercs 1.3.

5.2.2. PacyeTHasi TOMLIMHA CTEHKN CEKTOPHBIX OTBOAOB (4epT. 5.16):

tro=kotp (5.5)

JL71s1 HOpMAIM30BAHHBIX OTBOIOB, COCTOSIIHX U3 TIOyCEKTOPOB M CEKTOPOB C YIIOM
ckoca O < 22.5° peawdnHa k, paccyuThiBaeTcA MO GopMyJe:
4R-D-t
b= R (5.6.)
4R-2D+2tp

5.2.3. PacyeTs! MITaMIOCBAPHBIX OTBOCB 3aBUCAT OT PACIIOAGXKEHUs! CBAPHEIX NIBOB:
- IIPH PacHoOJIOKEHHH CBapHBIX IMBOB B ILIOCKOCTH KPHBH3HBI 0TBoza (4epT. 5.1B) pac-
YeTHasl TOJIMHA CTEHKH

- TIPH PaCMOJOXKEHHM CBAPHBIX LIBOB 110 HEHTpaJbHOM JuHMH (depT. 5.1r) TomuuHa
CTEHKH ONpe/ieNIAeTCA KaK HaubGoIblllee U3 ABYX 3Ha4eHUH

tpy=max [tp/o, kot pl (5.8)
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[Tpumeyanne. B Brpaxennsx (5.7) u (5.8) ¢, onpexensercs nmo dpopmy:tam mynkTa 5.1.1
mpu ¢, = 1,0, a Bexmuuna k, - mo gpopmye (5.6).

€’_
Q
R
A-A
-
Yepr. 3.1. OrBoaB
a - THYTHI; 6 - CEKIIMOHHBIN; B, T - IITAMAOCBaPHOH
5.2.4. lonycTuMoe BHYTpeHHee JlaBjleHHEe B OTBOAX:
2{c|e(t-C)
[P]= [o] .9

-0l
ki[d = }

i
raie xo3pduuuent k; bepercs u3 tabaursl 5.2.

Tabauma 5.2

IIITamMnocBapHble
THyTbIe H KpyTOU3OL- CexropHsie
HyTBIE HOPMa-TH30BaHHbIE wepr. 5.18 4epr. 5.11
ky/ @ max [y @]
k, o 1a611. 5.1 k, o dopmyze 5.6
k, - no popmyane 5.6
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5.3 Ilepexonpl

5.3.1. PacyeTHas TOJOIMHA CTEHKH KOHIIEHTPHYECKHX NEePEXON0B (4epT. 5.2a)
PD

tps = , 5.10
R 29, [o]cosa+P (.10)
a) L 0) L
y
o o (]
°
a
Yepr. 3.2, llepexoant
a - KOHHEHTPHYECKHIA, § ~ JKHeHTpHIECKHii.
Dopwmysia (5.10) npumeHnMa ipu COOIIOICHUN YCIOBHSI
t
0,003<—R> <035
(D—-2tgs) ’
korza o < 15° u npH coOMI0AEHHH ABYX YCIOBHI
t
0,003<—R <015
(D—2tps)
d—2-tgps 2sina
<1- [L+tps /(D—2tg:)) tps /(D=2tp=)
D=2t @\/ R5 R3))"IRs R5
Koraa 13° < o < 45°.
Yros Hak/IOHa 00pasyiommeil  PaccCYUTBHIBAETCS 10 GopMye
o= arctg — , 3.11

B kK0TOpoii D, d 1 ] 6epyTcst COOTBETCTBEHHO 110 4ePT. 5.2a Wid 4epT. 5.26.
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5.3.2. lomycTiMOe BHyTpPeHHee AaBJeHue B KOHIIEHTPHYECKHUX IePeX0iax
[P]=2[0](py(t—C)cosa . .12)
D-(t-C)
5.3.3. PacueTHyIO TOMIMHY CTEHKH 3KCUEHTPHYECKUX MepexoaoB (1epr.5.26) aonycka-
€TCsi OnpeendaTh Mo (POPMyJIaM KOHIEHTPHIECKUX.

5.4. TpoitHuku

a) s b

ty

hb:

to
a-
4

L v /. J /
6)
2
=
2| -
|
(I I A s 7]

Yepr. 5.3. Tpoiinux
a) cBapHOi#; 6) mITaMITIOBaRHELA

5.4.1. PacuyeTHas TONIMHA CTEHKH MArMCTPajii B TPOHHMKOBBIX COEIHHEHMIX
(4eprt.5.3)

PD
top = . 5.13
R6 2¢[c]+P (5.13)
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Koad¢uunenTt npoyHocTH ¢ NIpUHMUMAaeTCs COIJIacHO NMyHKTY 4.1.1.
5.4.2. PacyeTHas TOJIIMHA CTEHKH IITYIIepa OpeIeNseTcst B COOTBeTCTBHH ¢ 1. 5.1.1.
5.4.3. PacyerHblil K03 PHUIMEHT IPOYHOCTH MATUCTPATH

2
05 = _ -[1+ 4 ] . (514
1754 | 2-OND-)(-0C)
JD-1)-¢-0)
raet2tp.+C, a LA - cyMMa yKDPeIUISIOIMX Ionaiei ITylepa M HaKjIaakH (ec/IH TaKoBas
HMeeTCs1)

TA=A,+A, (5.15)

Ias WTaMIOBaHHBIX TPOHHMKOB (4epT. 5.36) BMecTo BexwuuHb d; B dopmyiy 5.17
MOACTaBAsAETCS

d,, = d; +0,25r (5.16)

5.4.4. Ykperuisiomas IJIomaab mWTylepa onpeaeiasieTcs no GopMmysiam:
- IJIs1 HAPYKHBIX IITYLIePOB, KOHCTPYKIIMS KOTOPEIX COOTBETCTBYET 4YepT. 5.4a

Ay = 2hy [(8-C) - t) 5 (5.17)

- JUIs1 NPONYIIEHHBIX BHYTPb MAarHCTPAJIH MITYIIEPOB, KOHCTPYKIHA KOTOPBIX COOTBETC-
TBYET 4epT. 5.46

Ay = 2hy [(4,-C) - t,3) + 2hy (8, - C) ; (5.18)

- JU1s1 BBITSIHYTOI TOPTOBMHBI IITAMIOBAHHOTO TPOHHKA, KOHCTPYKIIHSI KOTOPOTO COOT-
BETCTBYET 4epT. 5.36

Ay = 2hys - by) [(Es - ©) - t,g 1+ 2hy [ty - C) - £,5] (5.19)

T/ie MUHEMaJIbHAA TO/JINIMHA CTEHKH ONpeJensieTcs:
- 7151 CBAPHBIX TPOMHUKOB

=i (5.20)
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- JJIis1 INITAaMIIOBaHHbIX

Py

ob = 2[c]-P ; (5.21)
Pd,

los = 2[0’]—P : (5.22)

5.4.5. Micoab3yemoe NpH pacyeTe 3HAYEHHE BBICOTHI IITYLepa IPUHUMAETCA 10 YepTe-
5Ky Ha KOHKDETHBIH IITYIEP, HO He 60jiee UPHBEIEHHBIX HUXKE 3HAYEHUIT

hy = hys =1,25J(D—t; )(t, -C), (5.23)
hpy = 0.5J(D-t)(t, - C). (5.24)

Ilpy oxHOBpEMEHHOM VKDeILTeHHH OTBEPCTHsI INTYHEPOM M Hakiaaakoil (uept. 5.3a),
BBICOTA YKDeILIAOIIeH YacTH mrynepa i, npuHuMaeTca 6e3 ydeTa TOAILMHBI HAKIAAKH

by =1.25(D -ty )(t, —C) —t,,.

5.4.6. Ykpeniisiomas IJI0AAb HAKIIAAKH OlpeaensieTcs no popMyne (deprt. 5.3a)
A, =2b,t, . (3.25)

Wcnonbayemoe B pacyeTe 3HadeHHe MUPHHB HAKAAAKH b, IPUHUMAETCS 11O YEPTEXY Ha
KOHKPETHYIO HAKIAJIKyY, HO He 6oiee

b,=J(D-t)(t+t,-C). (5.26)

5.4.7. Ecyu B cBapHBIX TPOHHMKAX MM BPE3KaX HOMHHAIbHAS TONIIMHA CTEHKH LITYIIe-
pa WM NPUCOeAMHEHHOH TPyObI paBHa ¢, + C i OTCYTCTBYIOT HakIaaKH, TO XA = 0. B aToM
CJIy4yae AYIaMeTpP OTBEPCTHUS He JOJDKEH IPEBHIINaTh

d =[1—1,75J\/(D—t)(t—C). (5.27)

Do

5.4.8. KoahduiineHT He0rpy3KH MaruCTpaii HAH KOPITyca TPOHHHMKA PEKOMEHIYeTC s
onpenensars 1o dopmy.ie

P[D-(t-0)]

=— 28

°="2olt—0) (>28)
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3.4.9. Ecim pomyckaeMoe HanpsiKeHue 17151 YKPEILIAIoNNX AeTamteii (6] 4 Mesblle [o], To
pacYeTHbIe 3HAYEHHSI YKPEILIAIOMUX III0Malell YMHOXKAIOTCS Ha OTHOLIEHHe [G) /1ol
5.4.10. TonycTiMoe BHYTPEHHEE JaBJIeHNE B MATHCTPAIN

p)= 20l =C)

-0 (5.29)

o
L

Yept. 5.4. Tumnsl cBapHBIX COEAHMHEHHH TPOHHHUKOB CO IITYLIEPOM
a) -TIPUMBIKAOIIKH K HapY>KHO IOBEPXHOCTH MAarucTpasiy; 6) - IPONYIIEHHDbIH BHYTPb MaTHCTPaal

to

to

hy

Y
N)
N

7N

9.9. 3araymKu

5.5.1. PacyeTHast TOJIIMHA IIOCKOH KPYIJION 3arsIymikH (4epT. 5.5a, 5.56)

: J2
tR7 =:—;(D,~ —r)J%, (5.30)

Ho1st 3armyiex 6e3 oTBepCTHSA my = 1,0.

14 3arayiiex ¢ HeHTPAIbHBIM OTBEPCTHEM TUAMETPOM d;
- mo 4ept. 5.5a - m; = 0,53 npu 7 =0,

- 10 4epT. 5.56 - m; = 0,35 .

5.5.2. PacyeTHas TOJIIMHA MIOCKOM 3arAYIIKH MeKAY AByMs (jianamu (4ept. 5.58)

trg = 0,4(D; +b)\/%, (5.31)

IIIrpuHa YILIOTHHTEIBHOM NPOKIAAKY b ONIpeAesaeTcs 110 TEXHHYECKUM YCAOBHAM MM
YEPTEKY.
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5.5.3. PacueTHas TOJMIIHHA CTeHKH OECIIOBHOM JLTMITHYECKOH 3arayumku (uept. 5.6)
npu 0,52 h/D >0,2

2
_PDT (5.32)

"R " o] -

ITpumeuanue. Ecam £pg momyyaetcs metee Lp 1pu @ = 1,0, TO tpg = L.

5.5.4. PacyeTHasl TOMIIIMHA 3JLIHIITHYECKOI 3aI/IVIIKH ¢ LIEHTPAsIbHBIM OTBEDCTHEM IIPH
d, /(D - 2t) 0,6 (uepr. 5.7)
o =22
8h[c]e,
5.5.5. KoahduumeHTs IPOYHOCTH 3arIyLIeK ¢ OTBEPCTHAMU @ (4epT. 3.7a 1 5.76) ompe-
IejsieTCA B COOTBETCTBHH C ILIL 5.4.2 - 5.4.6 Ipu ), = Lpg U t 2 pg + C, a KO3GGULHEHTDHI

IPOYHOCTH 3arylieK ¢ OTOOPTOBaHHBIMYI OTBEPCTHSMH (YepT. 5.7B) - COIVIACHO ILIL 5.4.2 -
546upuby,=L-1-h

(5.33)

5.5.6. JonycTuMoe BHYTPEHHee JaBJeHHe 71 IUIOCKO#H 3aIVIYIIKH Ha KOHLe TPYOBL:

2 2

m§[c](t-C)
pjl=— 2 5.34
= i ooy D

(=]
-~

a)

sy /%
1 r

,
%
S

Yepr. 5.5. Kpyriasle mnockne 3ariymiku
a) - TIpoIyIIeHHasi BHYTPb TPYOby; §) - npHBapeHHas K TOPHY; B) - (riaHuesas

26



CTII 09-04-02 (001-CTII/A)

JomyctuMoe BHYTPeHHee AaBieHue 11 IVIOCKOH 3ariayulKi MeXay AByMs ¢riaHIaMH

—_ 2 -
[P]= E](t—c)Q ) (5.35)
0,17(D; + b)
5.5.7. [JonmyctMoe BHYTPeHHee AaBJIeHHe AMsl 3/UTMIITHYECKON 3aTay KU

_ 8[o]os(t-C)h .

[P] Z (5.36)
D
-
D )
! -
Yeprt. 5.6. Januntuyeckas 3ariynrka
a) 6)
d }
di tb tb
-
NIR \ \
s N b"’ tRre N N\
tro t :1
= 3
1 . >
D
B) 4
2 di to r
A % tro
' V.
5 -
e '
D

Yepr. 5.7. IAIMATHYECKHE FATAYIIKH CO IITYLHEPOM
a) - ¢ yKpeInAei HakAaaKol; 6) ~ NPOLYIEHHBIM BHYTPS 3aKIYIIKH; B) ~ C OTGOTOBAHHBIM OTBEPCTHEM
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6. BeiGop pacuerHoii cxembl TpyOOnIpoBoAa

6.1. Tpy6onpoBoj paccMaTpHBaercss Kak yIpyras CTEP/KHEBAs CHCTEMa. JJEMEHTHI
TEOPHH 000T0YEK YUYHTHIBAIOTCS B pacueTax oTBoA0B (3¢dext Kapmana) u, mpH HeoGxoam-
MOCTH, B TPOHHHKOBBIX cOetHeHHsX. HyXHO CTPeMHTBCS K TOMy, 4TOOBI pacyeTHasi cxeMma
NIPaBHJIBHO YYHTHIBA/IA KOHCTPYKTHBHBIE OCOGEHHOCTH, KOTOPbIE BJIHAIOT Ha HANPSIKEHHO-
1edopMUPOBaHHOE COCTOSIHHE TPyOonpoBoza. [Ipu 3TOM KOMHYeCTBO pacYeTHBIX cedeHHi
JKeaTeIbHO CBeCTH K MUHUMYMY.

6.2. TpybonpoBos pa3buBaeTcs Ha IPAMOIMHEHbIe H KPUBOJIHHEIHEIE (OUepYeHHBIE 110
AyTe OKPYXKHOCTH), y4acTKu. TOYKY CONMPsiKEHMsi YYACTKOB CAYXKAT PACYETHbIMHU y3iamu. B
YHCI0 PACYETHBIX Y3JI0B BKJIIOYAIOTCS:

® MecTa NPHCOEeAMHEHHUSI K allllapaTaM, oriopaM, KO/IEKTOpaM | T.4.;

® TOYKH H3;I0Ma WM Pa3BeTBJIeHHs OCEBOH JHHHM TPYGONpoBoa;

® TOUKH H3MEHEeHHs] NONePeYHOTO CeYeHUsT HIIU HArPY3KH.

6.3. BremrHue craTHYecKue HAarpy3KH PAacCMATPHBAIOTCS KAK COCPEAOTOYEHHBIE ILTH
paBHOMEpHO pacmpejeneHHble. Hapsiiy ¢ HHMH B pacyeTax CTaTHYeCKH HeOIPeeNUMBIX
CTEpKHEBBIX CUCTEM YUYMTHIBAIOTCS AeopMaiHOHHbIE BO3IEHCTBHSI, BbI3BAHHbIE TEMIIEpa-
TYPHBIM HarpeBoM (OXJIaK;I€HHEM ), CMEIEHHEM OIIOP N 000PYIOBaHUsI, a TaKKe Mpe/Ba-
PUTEIBHOI PacTsKKOH (cxkaTHeM) Tpybonposoa.

6.4. PaccTaHOBKA OTIOP M MOBECOK PH3BaHA 0OECIIEYUTh AOIYCTHMBIN YPOBEHb HANPSI-
JKeHHUH B 3jIeMeHTaX TPyOOIpoBOAa OT HE CaMOYPaBHOBELIEHHOH (B YAaCTHOCTH BECOBOH)
Harpysku. 1Ipu 9TOM HY:XKHO u3beratp CIy4aeB, KOTZa B HArpeTOM TPyGOIIPOBOJIE OMOPHI H
NMOJABECKH OKA3BbIBAIOTCS HEJOTPYKEHHBIMH.

6.5. Onops! U MOABECKH MOLETHPYIOTCS KECTKHMH, JHHEHHO-YIIPYTHMH H (QPUKIHOH-
HBIMH CBA3SIMH, JeHCTBYIONMMH B TpeOyeMOM HaNpaBIeHHH.

6.6.Cuiib(OoHHBIE, JTHH30BBIE U CAJIBHHKOBBIE KOMIIEHCATOPHI MOJENUPYIOTCS Kak
JIMHEWHO YIIpYrHe COWIEHEHHs CTeD)XHeH OCeBOro, IapHHPHOTO WU CIBUTOBOTO THUIIOB (B
3aBHCUMOCTH OT UX KOHCTDPYKIMH). ApMaTypa MOJEIUPYETCS CTEPKHEBBIMH 3JeMEeHTaMH
6eCKOHEYHOH JKECTKOCTH,

7. IloBepouHblii pacyeT TPyOONpPOBOAa Ha
MPOYHOCTH

7.1. OcHOBHBIE NOJIOYKECHHUS

7.1.1. TommuHa creHox Tpy6 u (acoHHbIX AeTasell TPYGOIPOBOAOB ONPEAETATHCA B
COOTBETCTBHH C Pa3AeoM 5 HaCTOAIIEro CTaHAApTa.
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7.1.2. 1151 OLIEHKH ITPOYHOCTH CIIPOEKTHPOBAHHOTO HA3EMHOTO MM NOA3€MHOTO (B KaHa-
Jle) Tpy6OIIPOBOIa BHINOIHACTCS IOAHBII PacyeT, COCTOsINE U3 4 sTanos (Tabmmna 7.1).

Lenpio pacueTa SBASAETCS OLEHKA CTATHYECKOH M LUKJIMYECKOH MPOYHOCTH, a TaKxXe
onpezeeHHe YCHINIH, JeHCTBYIOIHX Ha 060pyI0BaHKeE CO CTOPOHBI TPYOOIIPOBOJA IIPH 3KC-
IUTyaTallui U HCTIBITAHHSIX.

7.1.3. Pacuer TpybonpoBoaa mo srtamy 4, a Takxe [AJs BCEX APYTMX 3TANOB B pPexXUMe
[IIKOH (c yuyeToM KpaTKOBPEMEHHBIX M OCOOBIX HATPY30K) BBIMOJIHSETCS IPH COOTBETC-
TBYIOLlEM YKa3aHHH B [IPOEKTE.

7.1.4. Pacuer 1o aranaM 1 u 2 npoBoanTCA HOCIE BhIOOPa OCHOBHBIX PasMepoB TpyOomn-
POBOA H PaCCTAHOBKU OII0P.

Tabaupma 7.1

Tudpb! BHEIIHNX
Harpy3oK 1o Tab:1.
Homep HaumeHoBaHMe pacieTa 2.1 Hasuauenme stana
JTamna pacyeTa
INAH | IIAKOH
PacyeT Ha CTaTHCTHYECKYIO HPOYHOCTD 1923 1,2,3.4, Orienka He e CIo-
1 101 e CTBHEM HE CAMOYPAaBHOBEIIEH- 478 7,8.9, 10, COBHOCTH Cym
HBIX HATPy30K v 11,13
OneHka HanpsKeHHH,
Pacuer Ha cTaTH4eCKYIO MPOYHOCTH IO 1.2.3 1,2, 3,4, | cratHueckoii mpo-
2 AeHCTBUEM He CaMOYPaBHOBEHIEHHDIX U 57 5,7.8,9, | YHOCTH H HArpy3OK Ha
CaMOYPABHOBEINIEHHbIX HATPY30K i 10, 11, 13 | obopyaoBanie, onops
H KOHCTPYKIIMH
3a Pactier Ha MHKJIHIECKYIO IPOYHOCTD 4,5 - Ouetika BHHOCTHBOC-
7 TH DJIEMEHTOB
PacueT Ha ATHTEIBHYIO IMKIHYECKYIO 123 Onenka L IHTENbHOH
36 TPOYHOCTH BHICOKOTEMIEPATYPHHIX TPY- | &7 ¢ - NPOYHOCTH U BHIHOC-
601pOBONOB P JHBOCTH
OrieHka Harpy3oK Ha
Pacuer Harpy30k B HepaboYeM COCTOA-
4a i TPy P ocTo 15 %’ %’ - 06OPYAOBAHHE, OTIOPbI
T H KOHCTPYKIHUH
46 Pacyer Ha cTarHYecKyIo IPOYHOCTD IIPH ; 1,2,3,7, | Onenka necymeii crio-
HCTBITAHUAX T \’60H OBO1a 12 CO6HOCTH H Ha 30K
pybonp TPy

29



CTII 09-04-02 (001-CTII/A)

IlpuMeyanus.

1. IlpeapapuTenbpHas pacTsKKa YIUTHIBAETCS Ha dTanax 2 M 4, eciid 3Ta BeIMYHHA obec-
MEeYHUBAETCS IIPH MOHTAXeE TPYOOIIPOBOIA.

2. B onopax cKOJIBX€HUsI JONYCKAeTcs] IPHHUMATh KO3 PHIHEHT TPEHHs MeTaslia o
Mmetasty 0,3. Koaddunuent rpenns B onopax kayeHus npuaumMaercs 0,1.

3. IIpu pacueTe Harpy3oK Ha 06OPYIOBaHME U OIOPHI B HEPaboUeM COCTOSIHHM HA 3TaIe
4a 771 BBICOKOTEMNEPATYPHBIX TPYyOONPOBOJOB YYHTHIBAIOTCS OCTATOYHBIE AedhOpMaluu
METO/IOM pacyeTa Ha (PMKTHUBHYIO OTPHLATEIbHYIO TEMIIEPATYDY.

7.1.5. Pacuer TpyGonpoBogoB no sTanam 3a u 36 cieayeT MPOBOAUTD, €CJIU YUCIO MOJ-
HBIX ITMKJIOB Harpy>kKeHHs 3a Bce BpeMs skciiyaranuu npesbimaeT 1000 u B pesyisrarte
pacdeTa IO 3Taly 2 yCTaHOBJIEHO, YTO

- [UIsL CPEeIHETEMIIEPATYPHOTO TPY6OIpOBOa

6,2 1,2[o], (7.1)
- AJ1A BRICOKOTEMITEPATYPHOTO TpyOOIpoBoaa
6,2 o], (7.2)

7.1.6. Pacuer mo atamy 36 (Ha JTUTENbHYI0 MUKJIMYECKYIO TPOYHOCTh) NMPOBOXUTCS
TOJIBKO IS BLICOKOTEMITEPATYPHBIX TPYOOITPOBOIOB.

7.1.7. Pacuet cpepHeTeMIIepaTypHbIX TPYOOIPOBOAOB MTPOBOAUTCS MO pabouel Temie-
patype T. [ls1s1 BBICOKOTEMITEPATYPHBIX TPYOOIIPOBOIOB HA 3Tamax 2 U 4a pacdyeT BEAETCS 110
(pUKTUBHBIM TeMIepaTypaM Tzf " T4f'

Ty=xT, (73)
Ty=-8T (7.4)

3HaveHus ¥ 1 & 7151 pa3IMYHbIX MaTEPHAJIOB MPeACTaBjieHsl B Tab:. 7.2 u tabm. 7.3.

- Kpome Toro, Ha tarne 4a BBOAATCS (PUKTHBHbIE «COOCTBEHHbIE> CMELIEHHS 3aIEM-
JIEHHBIX KOHIIEBBIX Ce4EHHH TPYOOIPOBOAA OT HAarpeBa IIPUCOEIUHEHHOro 000PYAOBAHHS,
TIOJIYYAIOINHeCs MyTeM YMHOXKEHHS 3HAYeHUI TeHCTBUTEJIbHBIX CMEIEeHNil HA BEJIMYHHY O
CO 3HAKOM «MHHYC».

Tabauna 7.2

3nauenue koadduieHTa ycpeHeHHs KOMIIEHCAITMOHHBIX
NN Crann HANpsOKeHWH ) TPH pacyeTHBIX TeMAepaTypax

n/n
370 | 400 | 450 | 500 | 550 | 580 | 650 | 700

1 YraiepoaucTas 0,29 | 0,28 | 0,25 - - - - -
Y HU3KOJIETHPOBaHHAS
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MMposonxenne Tabm. 7.2

3Hauenne K03 pHIHEHTa YCPeAHEHHSI KOMIIEHCAIITHOHHBIX
NN Cranb HanpsiKeHHH ) IPH PacyeTHBIX TEMIlepaTypax
n/m

370 | 400 | 450 | 500 | 550 | 580 | 650 | 700

2 JlerupoBannas nexycrenur- | 0,37 | 0,35 | 033 | 030 | 0.24 | 0,18 - -

Hast
3 Jleruporannas aycTeHuTHas - - 038 ] 034 | 0,30 | 0,27 | 0,20 | 0,16
Tabauna 7.3
3Hauenue ko3 HIHEHTa PeaKcallHH KOMIIEHCAIIHOHHBIX
II:I/I;II Crann HampsUKeHH O NpH pacYeTHRIX TeMIepaTypax
370 | 400 | 450 | 500 | 550 | 560 | 630 | 700
1 Yraepoaucras 076 | 08 09 ) ) ) _ _

1 HU3KOJIETHPOBaHHAA

2 JIel‘HPOBaHHg}aIﬂHeayCTeHHT- 0.6 063 | 070 | 0.80 | 096 1,0 _ _

3 | JlernpoBanHast ayCTEHHTHaA - - 049 | 062 | 0,75 | 0,76 1,0 1,0

7.1.8. Ha stamax 1 1 4 k03¢ PuIIMeHT TeMIIEPaTYPHOTrO PACUIHPEHHS [TOJIAraeTCs PAaBHBIM
HYJII0, KPOMe 9Talna 4a BHICOKOTEMIIEPATYPHBIX TPYOOIIPOBOJOB, KOTOPHIE PACCYMTHIBAIOTCS
npu pukTHBHON Temmepatype T - Koadduiuent g1UHEHHOro paciiipeHusi B IIOCTAEIHEM
ciyyae 6epercst o paboueil TeMnepaType.

7.1.9. Ha aranax 3 u 4 Moayxb ynpyroctd npuHuMaetcst iipu 20°C, a Ha OCTa/IbHBIX 3Ta-
IaX onpefeaseTcsa No paboyeii TeMIeparype.

7.1.10. 3navenus koadduIHEHTa TEMIEPATYPHOIO PACIIHPEHUSI H MOAYJS YIPYroc-
TH ONpeeJaIoTcs 10 CHpaBOYHBIM jJaHHBIM. KoadpuileHT oTHOCUTENbHOH NONepeYHoit
JedopMaly AJs BCeX MAaTepHAJIOB H TeMIlepatyp npuHuMaetcs pasHbiM 0,3.

7.1.11. B pacueTax Ha IMKSTMYECKYIO U JUTHTENbHYIO IUKIMYECKYIO IIPOYHOCTb YYHTHIBA-
I0TCST BO3MO’KHBIE LIHKIIBE C HEMOMHBIM H3MEHEHHEM padounx mapamMeTpos.

7.1.12. Ecxin Tpy6ONIPOBO/ 9KCILIYaTHPYETCS TIPH PA3/HYHBIX PEXHMaXx, TO PacdeToM
omnpezenseTcss Hanbosiee ONACHBI U3 HUX A CTaTUYECKOM MPOYHOCTH M A Harpy3oK Ha
0bopyI0oBaHue, OIOPHBIE U CTPOUTENBHBIE KOHCTPYKI{HH.

7.1.13. HanpsixxeHusi OT BCeX Harpy3oK, KpoMe BHYTPEHHErO AaBJeHHS MOACYNTHIBAIOT-
€51 10 HOMHHAJIHHOH TOJIMUHE CTeHKH a7eMeHTa. Ha atane 46 pacyeT HampsiKeHHH OT BHYT-
PEeHHero AaBjieHHs ocyluecTrisercs Oe3 yuera npubasku C (cM MyHKT 4.2.2).
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7.2. IlpuMeHeHNe H yYeT MOHTAKHOH PacTs>KKH

7.2.1. B Tpy60npoBOax MOHTaXKHas PACTSKKA IPUMEHSIETCA 4711 YMEHbIIEHUs Tlepea-
BaeMoIi Ha 060PYXOBaHHe HATPY3KH. B BHICOKOTEMIIEPATYPHBIX TPYGOIPOBOAX IPHMEHEHHE
MOHTAQKHOH PacCTS’KKH IO3BOJSAET IIPH ONPEZieIeHHBIX YCJIOBUSX MOHU3HTD 3¢ deKT Hakom-
JeHus AechopMalHii NOI3y4ecTH B Haubolee HAMPSIKEHHBIX YYaCcTKaX TPYOOIPOBOaa.

IIpumeyanue. IIprMenenne MOHTaXKHOM PacTsI’KKU OOOCHOBBIBAETCS PACYETOM, TaK KaK
ee BO3/IeHCTBHE MOXKeT ObITh M OTPUIATEIbHBIM.

7.2.2. PexoMeH; lyeTcs1 Ha3HAYaTh BEIMYMHY MOHTAKHOH PACTSKKM B CpejHeTeMITepa-
TYpPHbIX Tpy6GonpoBozaax He 6oxee 60% OT BOCTIPHHHMAEMOTO TeMIIEPaTy PHOTO VUIHHEHH, a
B BbICOKOTeMIIepaTypHbIX He Hoxee 100-8 %, rae koadduuuent § onpeaenex B tabi. 7.3.

7.2.3. Ilpy npHMeHEeHHH MOHTaXKHOI PAaCTSKKH € He TaPAHTHPYEMbIM KaueCTBOM pacyeT
TpyGONpOBOAa MPoBOAKTCSA 63 ee yueTa. [apaHTHPyeMas MOHTAXHAsl PACTSXKA YUHTHIBAET-
cs1 Ha 3Tanax 2 U 4 MoJHOro pacyeTa TpyGONpoBoaa.

7.2.3.1. /1151 BBICOKOTEMIEPATYPHOTO TPYOOIPOBOAA TIPH pacyeTe No 2 HTany MOHTAK-
Has PacTsKKA YYUTBHIBAeTCs DY OMpe/ie/ieHHH yCHiuil Ha obopyaosanue. [Ipu aTom pacyer
BBINOHSETCS B ABYX BAPHAHTAX:

® ¢ y4eTOM MOHTaKHOH pacTs’KKM M BBeJeHHeM [IefiCTBUTENbHOH TeMIepaTypbl
HarpeBa T;

® cy4eToM (PHKTUBHOM MOHTAXKHOH PACTSIKKH H C BBeleHHEM (PUKTHBHO TeMIIepaTypbl
HarpeBa I,

7.2.3.2. /15151 BBICOKOTEMIIEPATYPHOTO TPYOOIPOBO/a 06A3aTENBHO IIPOBOAUTCS PacyeT
IO 3Tamny 4a, ecaH BeJIHYMHA MOHTAKHOM PACTSKKU IIPEBHIIIAET 3HAUEHHe, YKAa3aHHOE B II.
7.2.2. TIpw aToM He yuHThIBaeTCst 3EXT CaMOpacTAKKH B paboueM COCTOSHHH.

7.2.4. YueT MOHTaKHOH PacTSKKH B pacyete TPyOONPOBO/Ia IPOM3BOAKTCS MYTEM 3a/1a-
HUA COOTBETCTBYIONIMX B3aMMHbIX CMEIIEHHIT CTHIKYEMbIX CEYEHHIA.

7.3. Onpenesienne yCuimii oT BO3/1IeHCTBUS
TpyOOnpoBoaa Ha 060pyAOBaHHE

7.3.1. Ycunnd ot Bo3neiicTust TpyOOIPOBOAa Ha 060PYAOBaHHE, OLIOPHbIE U CTPOHTENb-
Hble KOHCTPYKLIHH OIIPEIesISAIOTCS Ha 3Tanax 2 u 4.

7.3.2. /L1 BBICOKOTEMIIEPATYPHOrO TPyOOIPOBOAA C OAMHAKOBBIMA PabOYNMH TemIle-
paTypaMH H MaTepHaJIOM BCEX YYaCTKOB MOJKHO OIPEAeSNTh YCIJINS Ha 00OpPYIOBaHHE B
HAYAJIBHBII MOMEHT II0JHOTO IIporpesa (6e3 yuera caMOPACTSIKKH) 110 Ciiefyioniei popMy-
b (c

1
Xg =;(X2 —X1)+X1 ) (7'5)
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rae Xg IPOH3BOJIBHEII CUIOBOIT (HAKTOP, - Te ke cuioBbie (PAKTOPH Ha 3Tanax 2 U 1 noaHoro

pacyeTa TpyGOIIPOBOAQ, X, — KO3MDOHUHUEHT YCPEHEHHST KOMIEHCAWMOHHBIX HAPSIKEHHI 0
taba. 7.2.

7.3.3. laa cpennereMnepatypHoro Tpybomnpososa (cM. myHKT 1.2); ecliM ero temie-
paTrypa U MarepHajl Ha BCeX Y44CTKaX OJMHAKOBBI, YCHJIMSA Ha 0O0OpYIOBaHUE B XOJIOZHOM
COCTOSIHMH MOXKHO ONpPEAENHTb 03 BHIITONHEHHs] pacyera 1o 3Taly 4, BOCIOJIb30BABIIHCDH
caexyoteii popMynoii:

E
X =(X, —XI)E—°+X1 -X, (7.6)
t

riae
X, Xy, X3, X4, — mpou3BoJibHbIE CHIOBBIE (haKTOPHI Ha 1-4 sTamax pacyera,
Ey, E, — Moaymu ynipyroctu cooTseTcTBeHHO ipu 20°C 1 paboueii remneparype.

7.4. Kputepuu npoYyHOCTH

7.4.1. Benuyuna JIONMYCTHMOH Harpy3ku Ha o0OpyAOBaHHE€ YCTaHABJIUBAETCH
3aBOJIOM-HM3roTOBHTENeM. [P OTCYTCTBUH 3aBOACKMX AAHHEBIX, OHA MOXET OBITH OTIpeiesieHa
PacyeTHBIM ITYTEM C IOMOIIBIO CIIEHAIBHBIX KOMIIBIOTEPHBIX TIPOTPaMM.

7.4.2. BeuyHa 3KBUBANIEHTHBIX HANPSKEHHI HE JOJIKHA MPEBHINIATh AONMYCKAeMbIX B
tabaune 7.4.

Tabauma 7.4

ITailbl pacyera Pexnm narpyxenus HonyckaeMoe HanpsiKeHue
" AH 1,1[o],
IIKOH 1,5[0]
9 oaH 1,5[ol,
IIKOH 1,9[6]
46 IIAKOH 1,5[o]

Ipumeyanue. /[ BAKYYMHBIX TPyOOIIPOBOAOB HEOOX0AMMA AONOJIHUTENbHAS IPOBEP-
Ka Ha ycroiunBoctb coraacao TOCT 14249-89 na cocyanr u anmaparsi [4].

7.4.3. Ilpu nposeaenu pacuieToB Ha LHKJIWYECKYIO IPOYHOCTD AJIS CpeaHeTeMIepa-
TYPHBIX TpYHOTIPOBOAOB (9Tall 3a) BRUIOJHEHUE YCAOBUIE CTaTUYECKOM IPOYHOCTH Ha 3Tale
2 He 0643aTENBHO.

7.4.4. lluxksudeckasi MPpOYHOCTh TPYOONIPOBOJa Ha arane 3a cuuraercs obecnedeH-
HOfI, €CJIHA BbITOJTHAETCA YC/IOBHE!

O < Ar[o,], (7.7)
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[o
rie K03 dUIHEHT npUBeAeHns K TeMmepatype 20°C Ar =Bﬁ‘
7.44.1. lonyckaeMasi aMILIHTYIa HAIIPSDKEHUIT: 1
- st Tpy6ONPOBOLIOB M3 VIIEPOAWCTOH M HU3KOJETHPOBAHHOW (HE ayCTEeHHUTHOI)
cTajiu
[6,]=80(1+1200N 05330625 (78)

- A7 TpyOGONPOBOIOB U3 aYCTEHUTHOH CTalIu

[6,]=110(1+1000N 05330625 (7.9)

7.4.4.2. PacuyeTHOE 4iCIO NOJHBIX THKIOB pu N, < 105

. 1,6
aei
e | _4
2|\ ArC
N =Ng+Y % N, , (7.10)
i=1 Gae
ATGao

rae

N, - 9MCJIO MOJHBIX HUKIOB C aMILTHTYAaMH 9KBHBAJEHTHBIX HANPSIKEHUH G, N —
9HCJIC CTYNEHEH aMILTUTY/l 9KBUBATEHTHBIX HANPSKEHHH O ,,; C YMCJIOM IUKJIOB Ha KaX10H
CTYTIEHU DaBHOM N ;.;

O, - AMILTUTY/Ia SKBUBAJICHTHOIO HaNPsKeHHs Ha 3Tale pacyerta 3a,

3HayeHye napaMeTpa o, paHuMaercs 80 MIla ans yriepoauCThIX H JETHPOBaHHbIX
HeaycTeHUTHHIX cTaseif u 110 MIla - u1s1 aycreHUTHOM cTaTH.

IIpumeganue: IIpu uucie uukiaoB Nc menbme 1000, pekoMeHAyeTCS NPHHMMATh €ro
paBubmM 1000.

7.4.5. Ecii paboune nmapamMerpbl TPaHCTIOPTUPYEMOI Cpeibl He IIOCTOSIHHBL BO BPEMEHH,
pacueT IMMKINYECKOH IPOYHOCTH TPYOOIIPOBOJA IPOBOAMUTCS MPH [ePEMEHHBIX 3HAYEHHUSIX
G, - 14 Kaxaoro i -To MuKIa ¢ pabounmu napamerpamu P, T; onpenensiorcs o, 3aTeM
pacuer Befercs 1o ¢opmyae (7.10), B koTopoii 1o O, MOHHMAIOTCS 3HAaYEHHS aMILTUTYbI,
COOTBETCTBYIOLIHE HUKIY ¢ HAHGOABIIMMH PabouMMH HapaMeTPaMH.

7.4.6. Ilpu coayyaiiHpIX KoNeGaHMAX TeMIEpaTypbl M JIABJE€HUS] U OTCYTCTBHH COOT-
BETCTBYIOIIUX CTAaTUCTUYECKHX AAHHBIX PEKOMEHIYETCsl MCIOJb30BATh TAaK Ha3bIBAEMYIO
TEMIIEPaTYPHYIO HCTOPHIO, B OCHOBE KOTOPOIi JIEKUT BEPOATHOCTHASI OLIEHKA YCJIOBHI JKC-
IUTyaTalMM B TedeHnHe roxa. Kaxapri LHKGT XapakTepu3yeTcsd 4acTOTOH IOBTOpeHHA N; B
OIIpeZie/IeHHOM MHTePBajle BPEMEHM T; M M3MEHEeHHEM TeMIlepaTypst AT
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TeMneparypHast vcTOpHA UMeET CiIeAyIOIUil BHA:

1:i ATi N gl
T; AT1 N, cl
Ty ATQ N, c2
T AT, N,

H 0OBIYHO CTPOUTCH B TIOPsAKe YOBIBaHHA HHTEPBAJIOB BpeMEHH U M3MeHEHUH TeMIlepaTy-
PHI, T.€.

U>T> > T,
AT, > AT, >..> AT,

npuyem AT; M T, XapakTepusylOT LMKJI C HaubONBIINM H3MEHEHHEM TeMIIepaTypBl.
Jomyckaercst He yYHTHIBATH H3MEHEHHSI TEMIIEPATYPHI B Ipefesax +2.5% HauboIbmero 3Ha-
4YeHHs1, IPUHATOTO B pacyere.

TlonpasymeBaeTcs, 4TO aMILIATY A i-TO LMK IPOMIOPIHOHAIbHA OTHOWEHHIO AT; / AT,
U PacCYMTHIBAETCSA 0 hopMyIam:

AT, .
Oui =37 Oaetr 1=23hr Goer = (7.11)

7.4.7. lnvuTenpHasi TMKJIHYECKast IPOYHOCTh BBICOKOTEMIIEPATYPHOrO TPYOOIPOBOa Ha
atane 36 cuutaetcs 06eCTieYeHHOM, €CIH BHTIONHAETCA ycaosue (7.7) u o, < 0,6[c], rne G,
— MaKCHMAJIbHOE 9KBHBAJIEHTHOE HANIPSI’KEHHE HA 2 3TAIle PacyeTa.

7.4.8. JlauTenbHasl HUKJIHYeCKasi IPOYHOCTh BBICOKOTEMIIEPATYPHOTO TPYGONPOBO-
Aanpu 6, > 0,6 [o] obecneyena, €CJIH BHINIOJIHAETCS CeyIOlIee YCAOBHE CYyMMHPOBa-
HHS TIOBPEXAEHHH OT yCTAJOCTH U MOJ3y4eCTH IIPH YCTAHOBUBLIEMCSI TEMIIEPATYPHOM
pexuMe:

( o 16 1,875

ae -1 -

4100 ) f-Se| <p, . (7.12)
CAN 1,2[o]

Gao
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B sT0ii dhopmyse

m

1- 133[12[ ]]m npu os[%[;]] <0,3

043+057[ 2l ]]m npu 03< [12[ ]]m<10,

0, — MaxKCHMaJbHOe SKBUBAJIEHTHOE HANPSKEHHE Ha 2 ITalle pacyera,
m — NOKa3aTeNb CTENEeHH B YPABHEHHH /LTHTE/TbHOM IPOYHOCTH. [Tpu oTCyTCTBHU CIIpaBOY-
HBIX JJaHHBIX IPUHUMaeTcst paBHbIM 8.0.

IIpumeyanue. [onyckaercs OLEHKY AJIMTEbHON LMKIIMYECKOH NPOYHOCTH IIPOBOIHTD

o dopmy.re:
3
Gae Ge
+ <1. (7.13)
[Ar [Ga]] 1.2[o]

<0,5 BTOpOe caaraeMoe B ypasaeHuu (7.13) He yuuTriBaetcs.

D =

c

IIpu Oe
1,2[o]

7.4.9. Pacuer Ha JMUTEIBHYIO IHKIHYECKYIO IPOYHOCTD TPOBOAUTCS C HCIOIB30BAHHEM
aMIUTHTYl 5KBHBAJEHTHBIX HANPSKeHHH G, MOTyYeHHBIX Ha 3Tane 3a 6e3 yyeTa pelakca-
LMK HaMpsOKeHMH, ¥ MAKCUMATbHBIX S5KBHBAJIEHTHBIX HANPSKeHUH G, 5Tala 2, HoJy4eHHbIX
¢ y4eToM Ko3(hPUIHEeHTa PeaKCcalliy HATIPSKEeHHI ).

7.4.10. TIpu olleHKe UMKJIMYECKOH NPOYHOCTH PACYETHBINA CPOK Cay6bl TpybOIIpoBOAa
PeKOMeH/IyeTcs IPHHHMATh He MeHee 2() JieT, ecIH B 33JaHHK Ha IIPOEKTHPOBAaHHE HE OTOBO-
PEHO HHOTO CPOKa.

7.5. PacueTHble HanpsoKeHHS B TPyOax, OTBOJaxX
4 TPOHHHKaX (Bpe3Kax).

7.5.1. CpenHee OKPY>KHOE HAaNPsIKEHUE OT BHYTPEHHETO JaBJIEHUS

P{D-(t-C)
o= —[——]ki , (7.14)
2¢(t-C)
3aecy:
D — napy>xHbiii IMaMeTp PacCIUTHIBAEMOTO CEYEHHS
¢ — k03hHULIHEHT IPOYHOCTH IIPH HATMYHH CBAPHBIX IIBOB, IPUHUMAEMEIH COIVIACHO
paszery 4.1.

k; - xoahuumenT unTencuUKaNK HaNPsKeHHIA.
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7.5.2. CymMMapHOe cpefHee OCEBOE HAIPsKeHHe OT BHYTPEHHEro HaBJEHHS, OCEBOIl
CHJIBI M U3rU0AONIEr0 MOMEHTa

G, =0p, £0, T Oy, (7.15)

3Hak «+» 3/1eCb COOTBETCTBYET PACTSKEHUIO, & «-» - CIKATHIO.
B ¢opmy.re (7.15) cpeanee oceBoe HaIpsixkeHHE OT BHYTPEHHETO /[aBIeHNsI

P[D-(t-C)]
0, =———= .
N (7.16)
Hanpmlce}me oT OCGBOﬁ CHJTBL
N
oy = , (7.17)
A0,

K03¢hGHUHEHT NPOYHOCTH TIPH HAJHYHH TIONEPeyllbIX CBapILIX INBOB ¢, IPMHHMAaeTCs
corjiacHO paszera 4.1(06er4no @, = 0,8—0,9). OceBoe HanpshKeHHE OT U3rHOAIOMEr0 MOMEHTA

1 ] A
C.um =m\/(loMx)2 +(1iMy)2 , (7.18)
HanpsikeHHe OT KpydeHs
MZ
=—= 7.19
ow (7.19)

7.5.3. DKBHBaIEHTHbIE HAIIPSKEHHS MPH OLIEHKE CTATHYECKOM TPOYHOCTH

o, = \/02 -06, +02 +31%. (7.20)

7.5.4. AMIITUTY/IbI SKBUBAJIEHTHBIX HANpPSKEHHI IPH pacyere Ha LHUKIMYECKYIO IIPO-
YHOCTh

G =0,8y/0% —00, +02+37 (7.21)

7.5.5. Hanpsixkenusi B TpyGax ONpeENsAIOTCS B COOTBETCTBUH ¢ MyHKTamu 7.5.1 7.5.4.
IIpu aToM K03(UIHEHTH KOHUEHTPAIMH HANpsLKeHHH MPUHMMAIOTCS PaBHbIMH k; = i =
=i; = 1, a XapaKTePHCTHKHU Cedel s OIPeIeIsIOTCs o GopMyIam

W=%(D—t)2-t

A,=m(D-t)-t

7.5.6. HanpsizkeHue B OTBOJIaX ONMpEIENSIIOTCS B COOTBETCTBUM C IMyHKTaMu 7.5.1 7.5.4

471 ABYX KpaHuXx cedeHuil A-A u B-B (uepr. 7.16). 3a pacyeTHOe 3KBHBAJIEHTHOE HAIpsi-
XKeHye PUHUMAeTCs HanboJIbllee U3 JABYX 3HAYEHHH.

(7.22)
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KoadpuiuenT koHnenTpanuu £; onpenesercs, COIMACHO ILIL 5.2.1-5.2.4, a koaduun-
€HTHI i ¥ §; — 10 HHXeIIPUBeJIeHHLIM (opMy.IaM.
Jl1st THYTBIX, KDYTOU30THYTHIX U INTAMIIOCBAPHBIX OTBOJOB, CTBIKYEMBIX C TPyOaMH Ha
CBapKe
075
A%/ 30)p
_ 09
A% Smp
[l OTBOAOB TeX ke KOHCTPYKIHIA, CTBIKYEMBIX C MPAMBIMH TPpyOamu Ha ¢raHnax (Ha
000HMX KOHIAX)

(7.23)

4

0,75
A3
L (7.24)
_ 09
T 4173
. A o,
JL7151 OTBOZIOB TeX ke KOHCTPYKHHMIL, CTHIKYEMbIX ¢ TpyOaMH Ha (hiiaHIle ¢ OHOro KOHIA

U Ha CBapKe C JpYyroro

4

075
= NN
§4 -
0 - (7.25)
D
J1151 CEKTOPHBIX HOPMAJIM30BaHHBIX OTBOJIOB, CTHIKYEMBIX ¢ TPy6aMHu Ha CBapKe
.. 0,9
=i = 7.26
0= 27 (7.26)
B npuseaennsix popmyiax:
_ 4Rt ,
(D-t)?
P(D-t\'?( 2R /? 727
®, =1+3,25 —| —— _—
p=teazsl F{ B (22

Xapaktepuctuky ceueHuii Wu Ap onpenesiercs no ¢opmyaam 7.22. -

7.5.7. HanpsikeHHsi B TPOHHHKAX OMPENEJSIIOTCSl COrIACHO myHktam 7.5.1 7.5.4 ans
ceyennii A-A, b-b u B-B (uepr. 7.26). 3a pacyeTHOE 3KBHBAJIEHTHOE HAIPSKEHHE IPHHAMA-
eTcsi Hanbouiblilee U3 TPeX MOJYYEHHBIX 3HAYCHHIA.

7.5.7.1. KoadpuuneHThl KOHUEHTPALMH KOJIbLEBbIX HAIPSKEHMI /7Sl CEYUeHH I MarucT-
panu k;=1/min(¢,p,), a Ans cedenwuii orBeTBIeHNS k=1,
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7.5.7.2. KoHueHTpausi HanpsxkeHuil u3ruba B TPOMHHMKAX 3aBUCUT OT 6€3pasMepHOro
napametpa H.

A5 cBapHBIX He YCHJIEHHBIX TPOMHHUKOB, KOHCTPYKIUSI KOTOPBIX COOTBETCTBYET
yepT. 5.4a:
2
(D-t)°

7151 cBApHBIX TPOMHUKOB, YCU/IEHHBIX HAKTAIKOH C TOMMIUHOM , KOHCTPYKIIHSI KOTOPBIX
COOTBETCTBYET YepT. 5.3a

(7.28)

npu £, < 1,5¢
2t +0,5t,)°/
S 7.29
'2(D-1) (7.29)
npu £, > 1,5t
8t
H D¢ (7.30)

Jlisl INTAMITOBAHHBIX M IITAMIIOCBAPHBIX TPOMHUKOB, KOHCTPYKIIHS KOTOPBIX COOTBETC-
TBYyeT uepT. 5.36

2t 2r
H=——|1+ . (7.31)
D-t D-¢
ITpu pacuete oTBeTBAeHHS (cederue B-B) B 3Tu ¢popmyiibl BMECTO HOMMHAJIBHOH TOJI-
IMHBI CTEHKH MOACTaBIsieTcst 3¢ deKTUBHAA £, ONpeeaseMas COIMIacHO MyHKTa 7.5.7.3.

7.5.7.3. Ilpu HalIM4Mu BHYTPEHHETO AaBieHus B Tpybonposoze (P=0):
t,=tty/tpp, (7.32)
rae ¢ Mt COOTBETCTBEHHO HOMHHAJIBHAA M PacyeTHast TOJIUIMHEI CTEHOK MarMCTPaJH, a typ

Gepercst kak HaHOOIbIIee U3 BYX 3HAUCHMUH ¢y ¥ [ p, OTIPENEIIAEMBIX TI0 POPMY/IaM TYHKTOB
5.1.1 u 5.4.1 Aj151 ceyeHHsi MaTHCTPaJIH.

[Ipu oTCcyTCTBHM BHYTpeHHero nasjenus (P =0)

L=t/ Pras (7.33)

3nech @  BoruHCIsAeTCA 10 dopMye 5.14, a @p, IPHHHMAETCS HAMOOMBIINM U3 JIBYX
3HAYEHHH QP U @

Qg = MaxX (¢y; @) (7.34)
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7.5.7.4. KoapunuenTs KOHUEHTPalUK HANPSKEHUH U3rnda 1NpH AeiCTBAM H3THOAI0-

11ero MOMEHTa M3 IJIOCKOCTH TPOMHHUKA:
- B CBAPHOM TPOMHHKE C OTHOLIIEHHEM HapYKHOTO [aMeTPa OTBETBJIEHUS! K HAPY>)KHOMY

auamerpy Maructpatu d/D > 0,5

135
I ='H2/3mp ’ (735

-B CBapHOM TpoiHHKKe ¢ oTHOmWenneM d/D < 0,5, a TakKe B ITaMIIOBAaHHOM (IITaMIIOC-
BapHOM) TPOIHHKe

. 0,9
% "1 0y (7.36)

Koadduiuents: KOHUEHTpalMM HanpskeHUH U3ruba Ipu AeiCTBHM HM3rHOAIOUIEro
MOMEHTa B IVIOCKOCTH TPOMHHKA HE3ABUCHUMO OT ero KOHCTPYKUHH U OTHOIIeHus d/D

i;=0,75i,+ 0,25 . (7.37)

BeapasMmepHsIii mapamerp ®, B popMymax 7.35 — 7.36 onpenensercs no ¢popmy:e 7.27,
B KOTOPYIO BMeCTO R MojcTaB.IsieTcs

R=%(D—t)-

HqueM XapaKTEPUCTUKH CeYECHUA D u t oTHOCATCS K MarucTpasiu.

a) )]

Yepr. 7.1. PacyeTHas cxeMa 0TBOAR
a — cXeMa HarpyXeHHst; 6 — pacyeTHbIe CeYeHUs
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a) Y )
!
| Al l5 !
i ! I 1
i !
e |
i !
A B
T —
! B ! B :
i
-

Yepr. 7.2. PacyeTHasi CXeMa TPOIHUKOBOTO COSAMHEHUS
a — cxeMa HarpyXeHmsi; 6 — pacyeTHbie CedeHust

7.5.7.5. XapakTepUCTHKH cedeHUs NpH pacdere marucrpaiu (cederus A-A u b-B) onpe-
Jesatorcs o ¢popmynam 7.22, a npu pacuere oTserBiaeHust (cedenne B-B) no ¢popmysiam

W=n(d—t,)* ¢
bl Rd (7.38)
Ap =1[(d—lb)'tM
B KOTODBIX L p; NPUHUMAETCS KaK HaMMeHblllee U3 IBYX 3HaUeHUH £, ¥ Ly,
Lpg = Min &, bpi;)-

7.5.7.6. Bpe3ku, KOHCTPYKUUSI KOTOPBIX COOTBETCTBYET 4YepT. 5.3a u 5.4a, paccuuThIBa-
I0TCS1 110 GOPMYIaM CBAPHBIX TPOHHHKOB.

8. Pacuer Tpy6onpoBosa Ha BUOpaIuio

8.1. Pacuer cOOCTBEHHBIX YaCTOT

8.1.1. Ananus cobCTBEHHBIX YacTOT U (GOpM KoebaHH#M TpYOONpoBoja IPOBORUTCSA
AL OLEHKH er0 BUOPONPOYHOCTH M BO3MOMKHBIX MyTeH OTCTPONKH OT A€TePMUHUPOBAH-
HBIX 4aCTOT BO3MYIIeHHs. MeTobl aHATH32 He 3aBHCAT OT AMAIIA30HOB AABJIEHHS] U TEM-
[IepaTyphl.
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IIpH olleHkax BUOPOIMPOYHOCTH TPYOOMpPOBOAA CIEAYET YUUTHIBATH BCE COOCTBEHHBIE
YacTOTHI B 9HEPreTHUEeCKH 3HAYHMOM AHana3oHe, Ho He Homee 100 T

8.1.2. PacueT cOOCTBEHHBIX YaCTOT OCYIIECTBISIETCS 110 CTEP/KHEBOM CXEME C yYeToM
Macchl paboyero BemecTBa U M30IALHH. APMaTypa PacCMATPHBAETCsl KaK COCPEAOTOYeHHAs
Macca. B pacuerax yuYHTbIBaeTCS IOBbIlIEHHAsi THOKOCTH KPUBOJIMHEHHBIX Y4aCTKOB TPYOOII-
POBOAa —OTBOJOB M TpOﬁHHKOBbIX COC,'.[PIIIeIIHﬁ.

I[Ipu annpokcuManyy GopMbl COBCTBEHHBIX KOJIe6aHM I YHCJI0 PACYETHHIX CedeHuid, ri1e
COCPEIOTAYMBACTCS MACCa YYaCTKOB, JODKHO ObITh AOCTATOYHBIM JJISI ONMHCAHHSA HEOOXO-
aumoro uucia dopy xonedbanuii. CeueHUs NPUBEIEHNA MACC JOKHBI HAXOUTHCSA TAKXKe B
MECTax IPUJIOKEHHsI BHOPAIMOHHBIX HArpy30K. [IpH onpejieleHHBIX YCIOBUSIX CIEIyeT pac-
CMaTpHUBaTh HECKOJBbKO BAPHAHTOB PasOMBKH TPYOOIPOBOA Ha COCPEAOTOYEHHBIE MACCHI,
YTOOBI YTOYHHTH 3HAYEHHSI COOCTBEHHBIX YaCTOT.

IlpuMevanne. /[0 COXKHBIX Pa3BETBJIEHHBIX CHCTEM TPYOOIPOBOJOB MOryT OBITH
HCIIO/IB30BAHHI CHIEIHAJIbHBIE KOMIIBIOTEPHBIC TIPOFPAMMBL.

8.1.3. 3nayeHns COOCTBEHHDBIX YaCTOT ONPEAETSIETCS YHCIEHHBIM PEIEHUEM THHERHOM
anre6panyeckoii 3a/1aun 0 COOCTBEHHBIX 3HAYEHUSX:

det[[K]-of [M]=0 , @.1)

rae ®; = 27f; - KPYTOBasi 4acToTa i-ToH (POPMBI COBCTBEHHBIX KONeOaHMiA,
[K] — cuMMeTpHyHast MaTPHIIA KECTKOCTH,
[M] — nnaroHanpHast MaTpHIIA Macc.
IIpumeyanne. Pacyer cOOCTBEHHBIX 4acTOT NPOBOAMTCS 6e3 ydera AeMIpHPOBAHMS
Kojiebanuii.
8.1.4. /Ina tpybonpoBoja, pacCMaTPHBAEMOTO KaK CTEPXKEHBb € IIOCTOSHHBIM 11OIepey-
HBEIM CEYEHHMEM Ha JBYX OIOpaX, COOCTBEHHAsd YacToTa f;, COOTBeTCTBYIOmasl i-Toil dopme
cOOCTBEHHBIX KOJIeOaHMIH:

10 K? [EI
= |, (8.2)
2n 2\m
rie K; — Tblfi KOPEHb YaCTOTHOTrO YpaBHEHHS,

L — nymua TpybonpoBoaa MexIy OnopaMH, M;
I=m(D* - DY)/64, Mm%
M — NMOTOHHAs Macca TPYOOTIPOBO/IA € YUETOM 30K M padoyero BewecTsa, KI/M.

OcCHOBHBIE PACYETHBIE CXEMBI /ISl OAHONPOJIeTHOrO TPYOOIPOBOIa H COOTBETCTBYIOIIHE
3navenHa K; npusenens! B Taba. 8.1.

IIpumeuyanue. PacTArugaiollee oceBoe YCHIHE MOBBIIIAET, a CKUMAOIIee - MOHIKaeT
CcOOGCTBEHHYIO 4acToTy. JTOT (DaKTOp MOKET HIPATh 3aMEeTHYIO POJib A1 HepBoi (opMbl
konebaHui. J[ns TpyOBI ¢ ABYMS IMapHUPHBIMM ONIOpaMH 3HaYeHHe MepBoil coOCTBeHHOH
YaCcTOTHI C Y4€TOM 0CeBOH CUiibl N
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3 I EI
;=10 o —(U+N/Ng), (83)

i (3 Ncr=10‘6 n2El/L? - xputHueckas Harpyska IpH CXKaTUH CTepkHs1, H.
8.1.5. [lna tpybonporoaa no 1. 8.1.4, HO ¢ AONOTHUTEALHOH COCPENOTOUEHHON MACCOi,

coOCTBEeHHAd YyacToTa
10° K2 [ EI
fi= o L2 ) ) (8.4)
¢ m[1+—q J
mL

rie  — cocpeoTOUYEeHHAas! Macca, KT, K — NONPaBOYHBIN K03 duINeHT, 3HAYeHHS KOTOPOT'0O
puBeneHs B Tabm. 8.2.

8.1.6. /Ina tpybompoBoaa ¢ HOJBIIMM YHCIOM NIPOJETOB PaBHOH IAMHBI cOBCTBeHHAS

yacToTa
1073 K2 ;EI
i = 271', L2 (85)

rie K;, — i -Thifl KOpeHb XapaKTepHCTHYECKOTO YpaBHeHus U3 Tabmuiibt 8.3.

Husmyio cobCTBEHHYIO YaCTOTY MHOTOIIPOJIETHOTO TPYOONPOBO/Ia ¢ IPOIETAMH Pa3/iHy-
HOH JJIMHBL MOXHO OLIeHHBaTh 10 HauboabIIeMy Iposety. Ecnu 3T0T mposet kpaiiuuii, To
JONOJHUTETHHO OLIEHUBAETCA COOCTBEHHAS YAaCTOTA BHYTPEHHErO MpOJeTa MaKCUMATBHOM
JUTHMHBIL X U3 BYX TIOJIyYeHHBIX 3HAYEHHUIi BBIOHPAETCST HaMeHbIIIee.

8.1.7. B rabamnax 8.1 u 8.2 s I, Z u T1-06pasHBIX OBOPOTOB B YMCAMTENE PUBEIEHbI
3HaYeHUs TIONPABOYHBIX KoahduieHTOR 1715 pacyera Konebanuli B IIOCKOCTH NMOBOPOTA
(pHcyHKa), a B 3HAMeHaree - U3 3TOH ILTOCKOCTH.

YacroTHble K03 bUIHMEHTE K; UL BEIMUCIIEHNS! COOCTBEHHBIX 4acTOT
KoJiebaHui TpyOOIpoBoJa C OMHUM IIPOJIETOM

Tab6auuna 8.1

Tun npoekTa Mopmynsi 3nauenne K; 9acToTht
TpyGonporoaa pacuera

nepBoi RTOPOIt

UTapaup-umapunp

Tm

rmem=1,2, 3... 3,14 6.28

I l
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Ilpononxenue tabu. 8.1

Twn npoexra Dopmysl 3navenne K; uacrorsi
TpyGonpoBoaa pacuera nepoi sropok
IMMapuup-3axe;ka
/]
4' /
K(4m+1)/ 4 3'93 7’07
/
L
3azenka-3ajenka
/ —
2 (2m-1)/2 4n 7.85
L
3aznernka-KOHCOIIb
/)
7 T(2m+1)/2 1,57 471
L
CaoboaHo nexanias Ha onopax Tpyba
[ ]
<< K| ™ 314 628
L
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lMpononxenmne taba. 8.1

Tun npoexTa Dopmyas 3nauenue K;yactorn
Tpybonposoza pacuera niepBoii BTOPOI
OxauH xoHel 3aueMJIeH, a APYroii CBo-
6OTHO JIEXUT Ha OTope
1
/ @ R(4m+1)/4 3,93 7,07
L
T-o6paszHbiit
393
a - 1,93 -
L b
I1-06pa3Hbiit
y
176
- - 141 -
L
777
Z-06pasHbIit
¢
_JL 167
o - 1,50 -
L L ?
>
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ITonpaBounsie K03 UIMEHTHI Kq IUIS y4eTa COCpe0TOYEeHHOM MacChl
B ypaBHEeHUH (8.4)

Tabnuua 8.2

Tun 1pyonposona Koaddunment Tun TpySonpososa Koabduument
K 4 (T1eun paBHBIE) K 4
3anenka-3ajenKa
T-06pa3uslii
/] 27
Qq
0,28
KoHcomb ¢ Harpyskoii Ha KOHLe
+—eo 39
/]
/
CB0GOAHO Mexalast Ha ONopax IT-o6pasHbrit
Tpyba
0,60
& X w7
Z-06pasHblit
OxuH KOHell 3aleMJIeH, a APYroi
CBOBGOHO JTHKUT Ha OTIOpe
23 0,66
9 ’ ,68
J\
1 AN
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YactoTHbie K03 duIMeHTH K, 15l TPyOONIPOBOIOB
C NpOJIETaM¥ PaBHOM JUTUHBL

Tabnuua 8.3

CxeMa 3aKpeIUieHHs: TpyOonpoBojia Yucao Howmep rapMonnku
Yucno nponetos npo-
NeTOB
1 2 3 4 5
[ il

3,14 | 628 | 942 | 12,57 | 15,70
314 | 393 | 630 | 7,06 | 942
355 | 430 | 430 | 6,70
314 | 239 | 392 | 446 | 6.28
314 | 330 | 370 | 4,15 | 4,55
3,14 | 320 | 330 | 348 | 3,70

S VU W N =
w
—_
-~

nL

1 473 | 785 | 10,99 | 14,14 | 17,28
A 2 393 | 474 | 707 | 7.68 | 10,21
3 355 | 430 | 474 | 6,69 | 745
4 339 | 393 | 446 | 474 | 6,53
L |L L 5 330 | 371 | 415 | 455 | 4,74
nL 10 320 | 330 | 349 | 370 | 393
|
1 393 | 797 | 1021 | 11,35 | 16,49
2 339 | 446 | 653 | 7,60 | 9,68
3 327 | 393 | 459 | 641 | 7,07
L (L L 4 320 | 364 | 421 | 465 | 635
nL 5 320 | 349 | 393 | 437 | 4,68
10 3,14 | 324 | 346 | 358 | 3,80

8.2. Pacuer BbIHYK/IEHHBIX KOJIeOaHHii
Tpybonposoaa

8.2.1. 111 KOIMYeCTBEHHBIX OLEHOK CONPOTHBIICHUS YCTAJIOCTH IIPH BUOPALMAX H aMII-
JIMTY/l BUODALIHOHHBIX IEpeMeLIEH I B XapaKTEPHBIX CEYEHHSAX IPOBOIAT PACYET BBIHYK/IEH-
HBIX H3THOHBIX KOTebanuil Tpybonposoza. [IpH 5TOM HCNOAB3YIOTCS AAHHBIE O JMHAMUYEC-
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KHX Harpy3Kax, OJIy4YeHHbIe B COOTBETCTBHH ¢ pa3fenioM 2.2. IIpu oTcyTCTBHH AOCTOBEPHEBIX
JaHHBIX O XaPaKTePUCTHKAX Harpy30K, BO3OYKAAIOIUX BHOpAIMH, pacyeT BHIHYKAEHHBIX
Konebanui MPOBOAST C HCTIONb30BAHHEM PE3YJIBTaTOB CIIEIIHAIbHBIX HCTIBITAHUIA.

8.2.2. Pacyer npoBoaHTCs B JHHEHHOM MOCTAHOBKE AJIA A€TEPMHHHPOBAHHBIX KHHEMA-
THYECKHX W CUJIOBBIX BO3AEHCTBHH, 33J1aHHBIX B [TOJIMTAPMOHMYECKOM BHIE. YUYUTHIBAETCS
BO3MOHOCTbh CABHTa (ba3 MEKAY HArPY3KaMH B DPa3JIMYHBIX CEYEHHSIX TPyOONpOBOAA.
PaccMaTpHBalOTCsl YCTaHOBHBIIMECS KOJAeGaHHs CHCTEMBI IPH pabounx napamerpax. Omopst
MOJIEJTMPYIOTCH JTHHEHHO-YIIPYIHMH CBSI3sIMH. 3HaueHne K03(GhUIHEeHTa OTHOCHTEIHHOTO
nemirpuposatusa npuHaMaetcs 0,02,

8.2.3. Pacuet NpOBOAUTCS CHEKTPATIHHBIM METOIOM C pa3lioXeHHeM Ho ¢opmaM codc-
TBEHHBIX KoJeOaHuil TpybornpoBoia. ONpeaessioTcs: aMILIHTYIHO-4YaCTOTHbIE XapaKTepuc-
THKH TIE€PEMEINEHHH B PACYETHHIX CEYEHMSX, a TAKKe BHOPAI[HOHHBIX HArPy30K HA ONOPHI,
M0AIBECKH M 0OOPYAOBaHHeE. '

8.2.4. Pacuer HanpsKeHWil TPH BHIHYXICHHBIX KOJAEOAHHAX OCYHIECTBAAETCA IO
dopmynam s1ana 3a. [Ipy 5TOM YyUuTHIBAIOTCS PasMaxu KojeOaHWI BHEITHHX HArPy30K H
BHYTPEHHErO [JaBjeHHs AJS BCEX PacCMATPHBAEMBIX BO3MYIHAIONIHX YACTOT. AMILTHTY/IbI
DKBHBAJICHTHHIX HATIPSKEHUH B XapaKTEPHBIX CEYEHHSIX TPYOONMPOBOjA MPEACTaBAAIOTCS B
creKkTpaiibHOH dopMe.

8.2.5. /s npubaukeHHON OLleHKH BHOpAalMH B TPyGONPOBOAax ¢ 1epBOH cOOCTBEH-
"ol yacTtoTod 0 60 Tif MOXHO BOCIIONB30BATHCS METOAOM <JHHAMHYECKOH KECTKOCTH».
CormacHo 2ToMy MeTOJLY OIpefieNisieTcsl OTHOIIeHH e TIepBoli COGCTBEHHO YacToTh f,.1 Yac-
TOT BO30OYXalomux Harpy3ok f;,. C moMomibio 3Toro OTHOIEHMS 10 YepTexy 8.1 HaxoAuTCA
ko3 duHeHT AMHAMHIHOCTH K;; 3HaueHus BO3MYMAIONIMX HArpy3oK € i -TOH 4acTOTOMH
YMHOKAIOTCS Ha COOTBETCTBYOIHI KO3 PUIMeHT fHHAMHUYHOCTH. [lasiee IPOBOIHTCS pac-
Yer TPyOONMPOBOAA HA POYHOCTD 110 POPMyJIaM sTana 3a.

8.3. Kpurepun BHOpOnpoYHOCTH

8.3.1. OCHOBHbBIM CPEACTBOM OOecieueHHsT BHOPONPOYHOCTH TPYGOIPOBOAA SIBISIETCS
OTCTPOiiKa COGCTBEHHBIX YacTOT f; OT YaCTOT BO30Y IAIOINX Harpy3ok f,, Tipu sTom momx-
HBI BBIIOJHSITBCA YCJAOBHS:

i/ fpS0Tuf,/f 213 (8.6)

8.3.2. AMmHTYAH BHOpPOHANpPSIKEHHH HAa pPa3jiMYHBIX YacTOTaX OMNpEAeNsioTcs B
pesyabTaTe pacuyeTa BoIHYKIEHHBIX Kojebanuil Tpybonposoaa (1. 8.2.4). Ilpu ouerke BHG-
POTPOYHOCTH [/Is1 KaXK/[OTO XapaKTEePHOTO CeYeHHs HAXOASAT MAKCHMATBHYIO aMILTUTYRY
SKBUBAJIEHTHBIX BHOpOHATIPsIKeH# (O KOTOpasi MOJIy4YaeTcsi B pe3y/ibTaTe HATOXKEHUA
pa3;TMYHBIX HOPM KojiebaHHii.

8.3.3. Onenka BUOPONIPOYHOCTH TTPOBOIUTCS U3 YCJIOBHS, YTO IIPH HAYABHOM H KOHEY-
HOM pasMepax TpemHHbl (TPelHHOnoI00H0rC nedeKkTa) MoA AeHCTBHEM BUOPOHAISIKe-

aev)'
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HHll He JIOCTHTaeTCs BeJIMYMHA MOpora ycranxocTd. Takoe qonylesHe cIpaBeiuBoO, KOra
9uea0 BUOPAIMOHHKIX 1UKI0B mpepbiiaer 107 3a Bpemsi sxciUTyarauuu TpyOOTpOBOAA.
JocTikeHne IOPOTOBOTO 3HaueHus K03 dHIMeHTa HHTEHCHBHOCTY HaNPsDXKeHuit Ipy Bub-
paIMsx o3HauaeT pa3pylieHue TPyOOIPOBOIA 33 CYIHECTBEHHO MeHbIIHIT TIepHOI, BpEMEHH,
yeM pacuertHbiit (10-30 Jer).

Ky 35

. \
'2 / \

/ \
o A _.\

0,5 —

0
0 020406 08 1 1214 16 18 2 22 24 26 28 3
fifp

Yeprt. 8.1. Cxema onpesienennsa koapduunnta Ky npu Ky . =30

st MCXOAHOH MONYKPYroBOH MMKPOTPEIMHBI MPH K03¢duUlleHTe PAaCKPHITHS, paB-
oM 1,0 gomyckaemast aMILINTYa BHOPOHANPSKEHNH HAXOAUTCS U3 YCIOBHST:

[Gaw] = Kaeth /,'0,00057[00 ) (87)

rae

K i — 3 PexTHBHOE 3HAYEHHE aMILTHTYIbI [IOPOTOBOTO KO3(QHIIHEeHTa HHTEHCHBHOC-
TH Hanpsixenuii pu yctanocty, K, = 12 Mlla wt/2,

@, — paJnyc NOIYKPyroBo# Tpemuuel, a, = 0,1—0,5 mm.

Hapsiay ¢ gonyckaeMbiM B pacyeTax y4MTbIBaeTCsl 6e30MacHblil ypoBeHb BHOPOHANS-
JKEHHH, AN KOTOPBIX NPH DPEAJbHbIX pasMepax IOBEPXHOCTHOH YCTAJIOCTHOH TPeIMHBI
TIOPOT YCTAIOCTH He JOCTUKHM. /{7151 OIleHKH 3THX HalpsDKEeHHH MOXKHO BOCIIOJIB30BATbCSH
VCIOBHEM:
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{6 ueo}=Koern / |[0.0005ma; (88)

rlie @; — MaKCHMAJIbHO JOMYCTHMBIH PafMyC NOIYKPYrOBOMH TPEIIMHDI, COOTBETCTBYIOLIMH
[IOJIOBHHE HOMHUHAJIBHOH TOJIIUHBI CTEHKH JIEMEHTA.

/s oueHOYHBIX pacueToB MOXHO puHuMath [0, ] =70 MIlau {o,,} =30 MIla.

IIpumeyanue. /lonyuieHue o TOIYKPYTOBOM (PPOHTE TPEIMHDI HAET B 3aI1aC IPOYHOCTH,
€CJIH ee PAIHYC PaBeH IOJAY//THHE, ONPeAeTeHHOH Ha IIOBEPXHOCTH 3JIEMEHTA.

8.3.4. PacueTHOe YHCJIO MOJHBIX IHKIOB IIYCKOB-OCTAHOBOB TPYOOIIPOBOZOB C YMEPEH-
HOU TEeMIIepaTypoil I0JKHO OBITh MEHBILE JOITYCKAEMOTO:

N_<[N], (8.9)
re [N] B 3aBHCHMOCTH OT aMILTUTY/H BUOPOHANIPSKEHUI U MAPKU MaTepHata OIPeIesi-
eTcs o gopmy.am (8.10) — (8.12).

Ilpu o, < {cagv 5
- A/ YIJIEPOIMCTOMH M JIETHPOBAHHOM CTaMH

5,9-10°

[N], = 6 /875 (8.10)
Cue +Oger _
804y

- 7151 ayCTeHUTHOM CTalMH

4,2-10°
[N], = 6 /875 @11
Gue 0,0 | :
110A7
<[04] ATA Bcex craneit
L S
- -{oaev}

[N]2_[N]1 ! [Gm,]_{o'aev}

IIpu {0,,,}<0,

aev

(8.12)

pu 6,,,<[0,,,] 4714 cTadbHBEIX TPYOOTIPOBO/IOB SKCILTYaTAIMs HEAOMYCTHMA.
8.3.5. {151 BHICOKOTEMIIEPATYPHBIX TPYOOIPOBOIOB B YCIOBHsIX BuOpawn npu o, < 0,6[c]
JOJKHO BBIOTHATECA yciosre (8.9), ampu 6,> 0,6[c]:
1\!'0 G,

—+ £ <9
[N ]k 1,2 [0] ’
rae [N], (k=1,2) onpexensercs cornacto . 8.3.4.

8.3.6. /liast THHIOBBIX TPYOOIPOBO/ZIOB B Ka4eCTBE KPHUTEPHsT BUOGPOTIPOYHOCTH MOTYT
OBITh MCIIO/Ib30BAHBI JOMYCTHMBIE AMILTUTYAbI IepEMeLIIeHUI B XapaKTePHbIX CEYEHHSX TPY-
GomnpoBoza.
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Ipunoxenne 1. Pacuer aymHbBI
npoJjera TpyoonpoBoja

1.1. IlpeaBapuTeNbHYIO PACCTAHOBKY ONOP PEKOMEHAYETCS OCYLIECTBASATh B COOTBETCTBHH
¢ aanHbIM [Ipunoxenuem. IIpu 3ToM ciesyer pa3MyaTh CpefiHHE U KpaiiHHe IPONeThL:
KpaifHMM CYMTaeTCsi NPOJeT, IPHMBIKAIOLIMI K HENOABHKHOM OTIOPE MJIH KOMIIEHCATOPY.
JnyHa kpaiiHuX nposeroB 06b4HO He TpeBbimaeT 80% OT AJIMHBI CDEAHHX.

1.2. Paccrosaust Mexkay IPOMeKYTOYHBIMH OIIOPaMH ONPeJeSISIIOTCA M3 pacyeTa Tpy-
60npoBOIa Kak HEpa3pe3HOH MHOTONPOJIETHOH GaJky HArpy>KeHHOH PaBHOMEDPHO-PACIIPe]
€JIEHHOH Harpy3Koii. Jia A1060T0 cpeiHEro IposieTa A0KHbE OHOBPEMEHHO BBINOIHITHCS
/1B YCJIOBHSI: IPOYHOCTH ¥ JOILYCTUMOTO IIPOruba.

YcS10BHA NPOYHOCTH — HANPsDKEHHS H3ruba oT Beca TpyOONPOBOA HE AOJIKHO IIPEBBI-
aTh JOMYCKAEMBIX KaK B Pab04eM COCTOSIHMH, TaK H NIPH MCIIBITAHUSIX

156Wo,,
lp= ,—q—“ . )
B aroit popmye

¢ — JfomyckaeMoe HarpsikeHue oT Beca Tpybonposoaa, MTla,

g — Bec OIHOTO MeTpa AJHHBI TPYOOIpoBOAa B pabodeM COCTOAHHM (OIpeAeIseTcs B
COOTBETCTBUU C Pasfesom 2.1 HACTOSIEro CTAaHAAPTA) LT B COCTOSIHUH WCIIbITaHui, H /M,

W— MOMEHT COTIPOTHBJIEHHS cedeHHs TpYObl U3THOY, cmd,

2
We n(D-t)"¢t
4

B pa60qe.\1 COCTOAHHUH AOIYCKaeMO€ HAlIPAXECHHE COCTABJIAECT

Pos(D—2t)

=11|o|- s
o=t T e
4 IIpA MCIIBITAaHUAX
_ 2
G=1,5[0]_M ,
4d-t)e

Taxum o6pa3om, nipu pacyete 1o dpopmyiie (1) MojyyanTCs ABa 3HaUEHHA A pabode-
TO COCTOSIHMS M COCTOSTHHSI HCIIBITAHUH.
“YenoBust aomycTMoro nporuda - OIMUCHBAITCS CUCTEMOM ABYX YPABHEHHH
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(12 %% -20,,x% + x* ) -ix=0,02Dy
241 :
(2)

(21,5~ 6l,,07 + 42 ) - i=0
24E1

Hepsoe ypaBHeHHe — cOOMIOIEHHE AOMYCTHMOTO TIPOruba B MpoJ/leTe, PAaBHOLO COIJIACHO
tpeGoBanusam CHull 0,02D,,, Bropoe — npeoTBpanieHHe 06pa3oBaHus 06PATHOTO YKJIOHa,
KOTODBI MOJKeT IIPUBECTH K CO3JAHHIO «<MENIKOB> TIPH OCTHIBAHHH TPYOOIPOBOIa.

B npuBeeHHbIX ypaBHEHHIX

lcp — JIMHA MPOJIETa, CM,

X — PAacCTOsIHUE OT JIEBOTO KOHIIA HPOJIEeTa 10 MECTAa C MaKCUMATBHBIM IPOTHOOM, CM,

i — YKJIOH TpyOOIIpOBOia, NPHHMMaeMblil corsacHo myukry 5.1.4 IIB 03-585-03,

D, — yCnOBHBII AMaMeTP, CM.

I/Ia TpeX 3HAYeHHH l , TIOJIY9EHHBIX 110 YCJIOBHSIM NPOYHOCTH (B paboyeM COCTOSIHHH U

IIPH HCIIBITAHUSX) H z[onvcmmoro npornéa (yCJIOBHE KECTKOCTH), BbIOHpaeTcs HaHMEHb-
ree.
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IIpunoxenune 2. YueT NOHHKEHHO# JKECTKOCTH 3JeMeHTOB [1]

2.1. OTBOABI

2.1.1. IIpu noBepoynoM pacuere TPy6ONPOBOAA HA MPOYHOCTh OOBIYHO YYMTHIBAETCS
HOBBILEHHAs] THOKOCTh (IIOHMXKEHHAsi KECTKOCTh) OTBOZIOB B Pe3yJbTaTe OBAIM3AIHH MX
ceuyeHuil 1pH u3rube.

2.1.2. Koaddpuipent rubKocTH 0TBOAA COCAMHEHHOTO ¢ NPAMBIMH TPy6aMH Ha KOHIIAX
npu A > 2,2 pasen 1,0, a npu A < 2,2 Boiuncnsercs no ¢popMyJie:

K,=K,L, ¢))
rae
Kp— k03 durrenT ruékocTH Ge3 yueTa YCAOBMI 3aKPeN/IeHHs] Ha KOHIAX;
§ — xoapuIMenT, yUUTHIBAIONINI KECTKOCTh IPAMBIX TPY6 Ha KOHIIAaX OTBOZIA.
2.1.3. KoappuuueHt rubkoctu
1,65
K p = 9 0'57 (2)
M1+150/27)
0=3 64—LRZ— alo 756
rae O ED-o Ipe/esIsieTcs], COMIACHO IMyHKTY 7.9.6.
2.1.4.Benyunna { npu A < 1,65
5
1 A 15 A
= | — 4ty 1l-—
R [1,65 M ( 165) | ©)

e ¥=642R/(D-t), 0 — uenTpanbHbIii yroa orBoaa (pan), R — paauyc ruba. Ilpu
A >1,65 BesimuuHa { monaraercs pasHoi 1,0.

2.2. T-o6pasHbie CBapHbIE COEIMHEHUS

2.2.1. TIpu MOBepPOYHBIX pacyeTax TPYOOIPOBOAHBIX CHCTEM PEKOMEHAYETCS YYUTHIBATD
HOHMXEHHYIO KECTKOCTh LITYIePOB (OTBeTBIeHHUIT) T-00pasHbIX CBAPHBIX COETMHEHHI IIPH
u3rube 1 KpyyeHuw.
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2.2.2. ¥ranl nosopota B y3ie A (4eptT. 1) OT NPUIOKEHHBIX K WITYIepy H3rHOaomKx
MOMEHTOB B MJIOCKOCTH coeAuHeHHA (M) n B nepneHAnKyIApHO#H eii naockoctu (M), a
TaKKe OT KpyTaAllero MoMenTa (M,;) MOACYUTLIBAIOTCA IO POpMYIaM:

M,d
0, = [o 2F"(D /)5 ~0,5D /d] }’; (4)
M,,d
0 =[01F*>(D /1) ~0,5D/d | Ill (5)
?
d
0, =[0,06F"(D/6)" -0,5D /d} =, (6)
raoe pb
I/)’ 1[)/] -— MOMEHTDLI HHEPUUH Ce4YyeHHA unyuepa npn H3I‘I’IOC H KpVYE€HHH,
F=-dt, /D,

Kb — HOMHHaJIbHAA TOJIIIMHA CTCHKH LITVIEPA.

2.2.3. Tlpn npucoexHHeHHH TPYOOIPOBOA K aniapaTy AOMYCKAeTCs ONpPeAeIsaTh YIIibl
MOBOPOTA HITyilepa anmnapata no gopmyaam (4)-(6), nonaras B wux wien 0,5 D/d paBHbM

HYJTIO.
d

Yepr.1. Pacucruas exema T-06pasioro cBapioro Coeauietii

YrioBsle NOAATAUBOCTH COSAMHEHNA (BEIHYHHDI, 0OPAaTHbBIE XKECTKOCTAM ) PACCYHThLIBA-
1oTcs Mo dopMyiam

A =[0,2F0’5D /t-0,5D /d]E—’i;,

i =[0AFOS(D /015 ~0,5D /d |-, .
£Ty

Aoy = [0 06F*(D /)" -0 SD/d]_.d_

ph
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Ilpunosxenue 3. Boioop
¢ aanuenbix coeaunenmii [1]

3.1. Tunsi praHNEBbIX COeTHHEHUMH
H PEKOMEH/[yeMbl€ 00JaCTH IPHUMEHEHUS

HcnonbayeMbie B TPYGONPOBOAHBIX CHCTEMAX (DiaHIEBbIE COETUHEHHS] PA3IMYAIOTC
® 10 KOHCTPYKTHBHOMY HMCIONHeHHIO (TIPHBApHBIE B CTHIK, IJIOCKHE, Pe3bboBbIE U
T.01.),

® THIy TNPHBAJOYHOIl noBepxXHOCTH (IITOCKas, BHICTYIN-BIAJAHHA, UIMI-Na3, O]

0BaJjibHbIE, BOCbMHUIPaHHEIE, THH30BbIE TIPOKIA/IKH )

® THUMNY H MaTepuaay IPOKJIaAKH.

Ob6macT IPUMEHEHHS Pas3IMYHBIX THIIOB (DIAHUEBBIX COeAUHEHNIT PErIAMEHTUPYIOTCS
HODMATHBHBIMH JOKYMEHTAaMH, a TaKKe PaclpOCTPAHSIONIMMHCS Ha AAHHBIH KOHKDPETHBIH
TpyOOMPOBO/L IOTIOIHATETbHEIMU OOIIMMH TEXHHYECKUMH TPEOOBAHHMAMH K KOHCTPYKIMH
U MaTepuajaM.

- 3.2. PacueTHbie YCJIOBHS H BBIOOD
HOPMAJM30BaHHbIX (PJIaHIER

Kak npaBuJIo, IpH MPOEKTHPOBAaHUH TPYOONPOBOAOB UCIIOIb3YIOTCS HOPMATU30BAHHbIE
¢iaHueBble coenHeHUsA. BriOOp HOPMAaTH30BaHHOrO (JAHLEBOrO COEAUHEHHS NMPOM3BO-
AUTCS B 3aBUCHMOCTH OT THIIA COeJIHHEHHS, YCJIOBHOTO AuaMeTpa Dy M yCIOBHOTO aB/IeHHA
P,, ¢ y4eTOM TeX WJIH MUHBIX CIEHATbHBIX TPeOGOBAHHIT, KOTOPBIE MOTYT HPEAbABIATHCA K
(bIaHUEBBIM COEAMHEHUSIM TPYOOIPOBOIOB.

ITpu BBIGOpE HOPMATH3OBAHHBIX (PIAHIIEBBIX COEAHHEHHH N0 CYIIECTBYIOIUM HOPMa-
THBHBIM JIOKyMEHTaM, 00paILaloT BHUMAHHeE Ha TO, YTOOBI pacyeTHast MpUOaBKa, HCHOIb30-
BaHHasi IPH Pa3paboTKe COOTBETCTBYIOLIErO HOPMATUBHOTO JOKYMEHTa, Gbljia GBI He MeHee
np1OaBKH K PacueTHO TOJMIIMHE CTEHKH, IIPHHSTOMN B IIPOEKTe TPyOONpoBOAa.

Kpome Toro, HopMaTHBHBIE TOKYMEHTH Ha (laHLEBBle COEAMHEHHS, KaK IPaBHJIO,
MPEANonaraioT, 4To ¢uiaHubl ¥ 60ATH (INHIbKK), BBHINOJIHEHBI M3 MAaTEPUAJOB OJHOTO
KJIacca, MMEIOIHX 6:1u3Kue KoadhHIHeHTs! THHeHHOro paciuuperusa. [10aToMy, B cay4asx,
€ciy IIA KaKMX-TMO0 COEAUHEHHH, SKCILTyaTHPYEeMbIX IPH TOBBINIEHHBIX TeMIepaTypax,
3TH TpeOOBaHMsI He BBIIOJIHSIIOTCS, MX PACCMATPHBAIOT KAK HETUIIOBBIE M BO3MOXHOCTb UX
TpHMeHeHHst OOOCHOBBIBAETCS CIIELMATBHBIMH DACY€TaMHU Ha TIPOYHOCTb.

Ha ¢nanueBbie coenwHeHHs TPyOONPOBOAOB, KPOME BHYTPEHHEIO WM HAapY>KHOTO
AaBJieHHs], MOTYT JeiCTBOBaTh TaKke OCEBAas U Iepepe3blBaloIfe CHJBI, HU3rHbarole U
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KPYTSIIHI MOMEHTBI, BE/IMYHHBI KOTOPBIX OIPEAESIOTCA U3 PACcYeTa HAIPSKEHHO-1epopMH
POBaHHOIO COCTOSIHHSL TPyOONPoBoa B 1eiioM. [Ipu BoIGOpe HOpMaIM30BaHHOTO (hIAHIEBO-
IO COeIMHEHHUS YKa3aHHble CHJIOBLIe ()aKTOPHI YYUTHIBAIOTCS IIPH OIPEAeIeHHH YCIOBHOTO
JIaBJIEHMUS], TI0 KOTOPOMY BBIOHPAIOTCS HOPMAIM30BaHHbBIE (hIAHIBL:

% ;0 1)

P,Vzp+—42—max N+
14G

]

M=,’M3_+M3 , Han; 2)

M, M, — u3rubaroe MOMEHThI, TeHCTBYIOLIHE B ABYX B3AHMHO HEPHEHIHKYISPHBIX
IJIOCKOCTSX, TIPOXOASAIINX Yepe3 och TpyosI, H.vm;

N — oceBas cua, fieficTBylomas Ha piianiieBoe coeunenue, H (Npu pacTsKeHHH MIpH-
HHMAaETCA CO 3HAKOM <ILTIOC»; IPH CKATHHU - «<MHHYC» );

G — addexTrBHBI AHaMeTp NPOKIaaky, »y. HazHadyaeTcs B 3aBHCHMOCTH OT INHPHHbBI
H GOPMBI ceueHHs TPOKIaAKH:

- IS IUIOCKMX MIPOKJIAJO0K NIMPHHON b < 5 MM, a TaKKe [ NPOKJIAI0K OBAIBHOIO WIH
BOCBMUTPAHHOTO ceueHHst G — cpeHHI HaMeTp NPOKJIaIKH,

- [UIsI TIIOCKHX TIPOKMAOK ¢ HAPYXKHBIM JuameTpoM D, u mupuHoi b > 15

rae:

G=D,-3,87b ,mu. 3)
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IIpunoxenue 4. Boi6op cuab(poHHBIX

1 JMH30BBIX KOMIIEeHCaTopoB [1]

4.1. YcaoBHble 0003HAYEHHS

n — 4ucno roppos;

q — mupuHa rodpa, MM;

¢ — pacueTHas IPUGABKA K TONIAHE CTEHKH, MM;

C — nnuua rodpHUpOBaHHON YacTH OJHOTO CHJIb(JOHA B CABMIOBOM KOMIIEHCATODE C
BCTaBKOM, MM;

Co Cp C,— Ge3pasMepHBIil KOs bHIMEHT;

C, — oceBasi XeCTKOCTb KOMIeHcaTopa, H/mum;

C — YI7I0Bas JKECTKOCTb KOMIencatopa, Hmu;

Cay — CABUTOBas XeCTKOCTb KOMIIEHCAaTOpa Ha AelicTBre cuist Vy, H/mm;

Cs,, — CABHIOBAs )KECTKOCTh KOMIIEHCAaTOpa Ha AelictBue MoMenta, Hmm/ ma;

D, — BHYTpPeHHHUI uaMeTp KOMIIEHCATOPa, MM;

e
D, — HapyXHBI THUaMeTP KOMIIEHCATODA, MM;

D: — CpeJHHH IMaMeTpP KOMIEHCATopa, Mi;

E — Mopyan ynpyroctn MaTepHaiia komneHcaropa, Mlla;

H — BbicoTa rogpa, mu;

K — 6Ge3pasMepHblit KO3 bUIHEHT;

K, — xoappunuent npuBeaen1st HalpsKEHH;

L — navna xoMmeHcaTopa (pacCTosiHHe MeXJy KpailHUMH TOYKaMH rodp KOMIIEHCATo-
pa), mu;

{ — nTMHA TWIMHAPUYECKOH KPaeBOH 30HBI THOKOTO 37IeMEHTa, MM,

M, — narnGarompii MOMeHT, AeficTByOmHIT Ha TPYOONPOBOA NP NOBOPOTE KOMIIEHCA-
Topa Ha yrony, H mx;

M, — usrubaomuii MOMEHT, 1eACTBYIONIHIi Ha TPYGOIIPOBO/ IPH CABUTE KOMIIEHCATOpPA
Ha BenwduHy 3, H mu;

P— pacqemoe nasaenue, Mlla;

R — pacniopHoe ycunaue, H;

S — HOMMHAJIBHAS TOJINIMHA CTEHKH KOMIIEHCATODA, MM,

Vy, — nepepesbIBalomas CHJIa, AeHCTBYOMAast Ha TPYGOIPOBO, IPH CABHUTe KOMIIEHCATO-
Pa Ha BETUYUHY 8 H um;

Y— yroa noaopOTa KOMITIEHCaTopa, pad;

A, — KOMIIEHCHPYIOIIAs CIHOCOGHOCTb 0CEBOTO (CABMTOBOTO) KOMIIEHCATOPA, J

8, — GokoBoe nepememenye (1ed)opMaLMs CABUTA) KOMIIEHCATODA, MAM;

kp — PacyeTHOE 0CEBOE IepeMeleHHe, MM;
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knp — IIpUBeJIEHHOE PacyeTHOE OCEBOe NiepeMenIeHHe, MM,

7LY — HKBHUBAJICHTHOE IlepeMellieHHe OT YIJia IOBOPOTa, MM;

A — SKBHBAJIEHTHOE NEePeMelleHHe OT CIBUTa, MM;

Ap — pacyeTHOe paJHaIbHOE HJIH OCEBOE TIepeMeIleHYe, MM,

G, — PacyeTHas aMILTHTY/a YCAOBHBIX YNIPYTUX Hanpsbxenni, Mila;
O, — MaKCHMaJTbHOE SKBHBATEHTHOE Hanpsxenue, Mlla;

Oy — OKPYKHEIE MeMOpaHHbIe HalpsiKeHus oT AaBiexust, Mlla,
O,pq — OCeBble H3THGHBIE HATIPSKEHHS OT nepeMerenus, Mlla;

Oy — OCEBBIE U3rHOHbIE HANIPSDKeHUs OT faBienus, Mlla;
,md — OCEBbIE MeMOpaHHble HanpshKeHHs 0T nepememenusi, Mlla;
G, — OceBble MeMOpaHHbIe HanpsikeHust oT Aasaenus, Mlla;

mmp .
[6] — nomyckaemoe HampsKeHHe il MaTepHaZa THOKOTO 3JeMeHTa NPH PacYeTHOH

Temnepatype, Mlla;
[620] — nomyckaeMoe HalpsikeHHe /Il MaTepHaIa THOKOTO 3JeMeHTa [IPH HOPMATbHOM
TeMmmepaType, Mlla.

4.2. Tunbl KOMIEHCATOPOB M PEKOMEH/lyeMble
00J1aCTH IPUMEHEHHS

KoMIeHcaTopb! COCTOAT M3 OAHOIO MJIH HECKOJIBKHX THOKHX 3j1eMeHTOB (4epT.1), Habo-
pa merasiell, MpeJHA3HAYEHHBIX LIS KPEILTeHHs] THOKUX 3J1EMEHTOB, BOCIIPHSATHsI TeX W/IH
MHbIX HArPy30K, IIPUCOEIMHEHHS K TPYOOIIPOBOAY H T.A.

B 3aBHCHMOCTH OT XapakTepa IepeMemneHHi, KOTOpble HeOOXOAUMO KOMIIEHCHPO-
BaTh, IPHMEHIOTCS CAEAVIOIHe TUIIBI KOMIIEHCATOPOB, CXeMbl KOTOPHIX IIPHBejIeHH Ha
yepT.2 1 3:

- oceBble KOMIIEHCATOPHI;

- TOBOPOTHEIE KOMIIEHCATOPBI;

- CABHIOBBIE KOMIIEHCATOPBI.

MoryT wucnosp30BaTbCA TaKXKe KOMIIEHCATOPbI, BHIIOJHSIOHMIME OJHOBPEMEHHO
HECKONLKO (DYHKI[HI: CABUTO-0CEBbIE, IOBOPOTHO-OCEBLIE, CAIBHIOBO-TIOBOPOTHHIE, YHH-
BepCajbHBIE.

ITIo KOHCTPYKTHBHO-TEXHONOTHYECKOMY MCIOJHEHHIO TMOKOIrO 3J€eMEHTa pa3iHyaioT
CJeAVIOIIHe THUIBI KOMIIEHCATOPOB: JIHH30BbIE KOMIIEHCATOPH C TMOKMMH 3JIEMEHTAMM,
CBAapeHHbIMM U3 JABYX IIOJNYJIHH3; CHIAbGOHHBIE KOMIIEHCATOPHI C TMOKHMU 3JEMEHTaMH,
MOJIYYEHHBIMH METOIOM THAPO(OPMOBKY; KOMIIEHCATOPEL ¢ OMEroO0pasHBIMU rodpamu u
HEKOTOPBIE APYTHE.

Boi6op TOro MM MHOTO TMOKOrO 3JEMEHTa ONpPEAETSIeTCs] KOHCTPYKTHBHEIMH CO06-
PaKEHUSIMH M BETMYMHON PacyeTHOTO AaBlieHHA. Tak, JTHH30BHIE KOMIIEHCATOPbI OOKIYHO
HCHOJb3YI0TCA Npy AasieHusx go 1,0 MIla, cuisdonnsre - g0 2,5 MIla, xomMriencatopss ¢
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oMeroo6pa3oHbIME rogpamu - 10 4,0 MIla. Kpome toro, npu Gonbimx gaBaenusax (6osee
6,0 MIla) BO3MOXHO HMCIOJIb30BAHHE KOMIIEHCATOPOB C MOAKPEIISIIONIHMH KOJbLAMH U
MHOTOCJIOHHBIX KOMIIEHCATOPOB.

4.3. Yuer BIUSHHSA KOMIICHCATOPOB NMPHU pacyeTe
TpyOonposoaa

IIpu pacuere Tpy6ONPOBO/IA B 1IEI0M, KOMIIEHCATOP MOXKET PACCMATPHBATHCS, KaK dJie-
MEHT, XapaKTePHU3YeMbIii, B 3aBUCMMOCTH OT KOHCTPYKI[HH KOMIIEHCATOPa, OCEBOM, H3THOHOM
U/WJH CABUIOBOH JKECTKOCTDIO, ONPEAEIAEMbIX 10 HOPMATHBHBIM MaTepHaiaM Ha KOMIIEH-
caTopsl, 1160 10 GpopMyNaM II. 4.5 HACTOSILIETO PUIIOKEHHUS.

IToaaT/IMBOCTBIO OCEBOTrO KOMIIEHCATOPA Ha CABMI IIPH pacdyeTe TPyOOIIPOBOAA B LEJIOM,
KaK [IPABHJIO, MOXHO ITpeHeOpeub, Jaxe eCJH €ro KOHCTPYKUMS AOIMYCKAET PajiMajibHbIe
NepeMelleHusl. YUHTEIBATh 3Ty BeJIUUMHY PEKOMEHAYETCA MWL B TEXHUYECKH 060CHOBAH-
HBIX CIIYYasX.

IIpu pacyete TPy6ONPOBOAA YUMTHIBAIOT, YTO JaBJIEHHE, IEHCTBYIOLIEE HA CTEHKM IHOKHX
JIEMEHTOB OCEBOTO KOMITEHCATOPA, IOPOXK/IAET PACIIOPHOE YCILIHE, OlpeesiseMoe o GopMyJie:

3,14P(D? - D?)
8

B ciyyasix TOBODOTHBIX H CABHIOBBIX KOMIIEHCATOPOB PACIOPHOE yCHUIHE BOCIIPHHUMA-
€TCs CTSKKaMH KOMIIEHCAaTOPOB. ¥ OCEBBIX KOMIIEHCAaTOPOB PAacNOPHOe YCHIiive AeHCTBYeT
Ha YYacTKH TPYOOIIPOBOAA, IPUMBIKAIOIIHE K KOMIIEHCATOPY. JTO YCH.IME BOCIPHHHUMAETCS
onopaMu Tpy6OIIPOBO/A, YTO YYHUTHIBAETCS TIPH MX PacyeTe.

R= JH. 1)

4.4. PacuyeTHble YCIOBHS M BHIOOP KOMIEHCATOPOB

ITpu HCIOB30BaHMH HOPMAJIM30BAHHBIX KOMIIEHCATOPOB, MX BHIGOP NPOM3BOAMTCH B
3aBHCHUMQCTH OT YCJIOBHOTO [2BJEHUS M KOMIIEHCHDYIOIEH COCOOHOCTH MpH  3aIaHHOM
yucie MUKI0oB. IIpy 3TOM, KOMIEHCHPYIOIAst CIIOCOOHOCTh OCEBOTO KOMIIEHCATOPa AOJIK-
Ha 6bITh He MeHee PacYETHOTO TiepeMelleHds (OCeBOro Xofa), MOBOPOTHOIO — He MEHee
pacyeTHOro yria moBopoTa (YISIOBOTO XO[a), CABUTOBOTO — PAaCYeTHOrO IIEpPeMEINeHMs,
MEePIIEHMKY/IIPHOTO OCH KOMIIeHcaTopa (CABHra), OIpeaesisieMbIX Ha OCHOBaHWUH pacyera
TpyOONpPOBO/IA B LIEJOM.

ITpu uC01b30BaHNM HEHOPMAIM30BAHHbBIX KOMIIEHCATOPOB, BEJTHYMHBI AOIYCKaeEMOTO
AABJIEHHSI ¥ MKIMYECKOH ONTOBEYHOCTH KOMIIEHCATOPA ONPEESTSIOTCS Ha OCHOBAHHY CIie-
IHATBHOTO pacyeTa (CM. M. 4.6 HaCTOAIIETO NPHIIOKEHNS ).

B ciyuae, eciiu oceBoii koMeHcaTop (YepT.2a) UCIIBITHIBAET HE TOJIKO OCEBbIE IIEpeMe-
LIEHUs, HO TAKXKe YIJIOBBIE NEpeMeIIeHHS U /IUTH IepeMeIleH sl CAIBUTa, TO IPUBEIEHHOE Pac-
4eTHOE OCEBOE NiepeMellieH e NPH BhIOOPe KOMIIEHCATOPa MOYKHO OTIPEeSTh N0 (hopMyJie:
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Ay =llpl+7vy+x-a,.mt, @)

rae:
7\.7 — 9KBHMBAJIEHTHOE IICpEMelleHne OT YIIa IOBOPOTa:

D
A= m, 3
2
A, — KBHUBAJIEHTHOE NlepeMelleHHe OT CABHTA:
3D, 6p
Ag = P , MM, (4)
L
Dp — cpenHuii AMaMeTp KOMIIeHcaTopa:
D, +D
Dp = "T” , MM, (5)

B ciy4ae MCIIOIB30BaHMS OCEBBHIX KOMIEHCATOPOB B KAYECTBE 3JIEMEHTOB CABHIOBBIX
KM II0BOPOTHBIX KOMIIEHCATOPOB, IPUBE;IEHHBIE PAaCYETHbIE OCEBbIE IepeMelleHHs I HUX
MOTyT 6bITB OTIpeZieieHsl 1o hopMy:iam:

- JJIsI IOBOPOTHBIX KOMIIeHcaTopos (4ept. 26):

Knp = % , MM (6)
- AJIS CABUTOBBIX KOMITEHCATOPOB (4epT. 3):
np 2% , MM )
rae:
32 -3CL

=— 8
312 —6CL +4C? ®)

4.5. FKecTKOCTh KOMIIEHCATOpA

ITpu usBecTHOIT 0ceBOii xecTkocTH C , YIJI0Bast )KeCTKOCTbh KOMIIEHCATOPA [IPH OBOPOTE
Ha yros (u4ept.26) onpeaensercs no Gopmyne:

D}
CY = —S_C)‘ , Homm, ©))

a U3rN6aINHi MOMEHT, AeHCTRYIONIHIT Ha TPYOOIIPOBOJ, COOTBETCTBEHHO, TIO (POpMYyIe:
M,=C, Y, Hun (10)
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[Ipu caure koMIleHcaTopa Ha BeTMYHHY 8, BOBHHKaeT mepepesblBaiomias cuaa Vy u
u3rubaroumii MomeHT My, (4ept.3). XKectkocTs Ha seiicTBue crbr Vi

3 2
Csy =2_L§C}” H/mn. (11)

KectkocTh Ha AeficTBHe MOMEHTa My

3D}
Com =4—{C , Hom/mm. 12)

IlepepesbiBaiomast CuiIa U U3rHOAIOLMIT MOMEHT, AeHCTBYIOIME HA TPYOOIPOBOI IPH
C/IBHT€ KOMIIEHCATOPA, COOTBETCTBEHHO PaBHBI:

Vy =Csyd, H, (13)

My =Cs,8,, Houn. (14)

IIpumeyanne. Ilpu pacyere TpyGONPOBOIOB PabOTy CABUTOBBIX KOMIIEHCATOPOB Ha
H3rub HOMyCKAeTCs He YYHTHIBATh.

B Cay4ae, €CjIH OCEeBas JKECTKOCTh CHJIb(l)OHHOI‘ 0 WJIH THMH30BOI'O OC€BOT0O KOMIIEHCATOpa
C)\ HEU3BECTHA, JOIIYCKAETCA OIPEACAATD €€ 11O Q)opmyzle:

c, LTDpE[ S ]3 H/, 15
S 7 (15)
rae:
H — BpicoTa rodpa
D, -D,
H=%, (16a)

Cf — Ge3pasMepHblii k0apGUIMEHT, ONpeiessieMbli 110 rpaHKy uepT.4 B 3aBHCUMOCTH
oT He3pasMepPHEIX IAPaMETPOB

o=2 yp=—i2

2H 2,2./D

(166)
S
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1w

Yepr. 1. TUOKHIT 271eMEHT KOMIEHCATOPA

a) 6)

e
; -Ax/2
L
FJd F
R
+Axl2

'
4

Yepr. 2. CxeMbl paGoTH KOMIEHCATOPOB
a) ocesoro, §) NOBOPOTHOrO (YIZI0BOTO)
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6)

AN o
&
B)

Z
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e et
+
'Y

Yept. 3. Cxembl paboThl CABHIOBBIX KOMIIEHCATOPOB
a) 6e3 IPOMEKYTOUHOH BCTABKH
6) ¢ npoMexyTOYHO# cTaBKOU-TPYGOi
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4.6. PacuyeT ruOKHX 371eMEHTOB HEHOPMAJIH30BaHHBIX
cWIb(POHHBIX M JHH3OBbIX KOMIIEHCATOPOB
Ha CTATUYECKYIO U MAJIOLUKJIOBYIO IPOYHOCTH

Tubkue 3ieMEHThl KOMITEHCATOPOB J0KHBI OTBEYATh TPEOOBAHMSIM CTATHYECKOI MPO-
YHOCTH IIPH BO3EHCTBHIHY JIaBICHUS H 00eCeYnBaTh HEOOXOANMYIO KOMIIEHCH PYIOUIVIO CIIO-
COOHOCTD DY 3aJaHHOM 4HCJIe [HKJIOB Harpykenusi. KpoMe Toro, cuibhoHHbIE KOMITEHCA-
TOPBL, B 3/IEMEHTAX KOTODBIX AEHCTBYIOT CKMMAIOIIHE HATPSIKEHUs], J0/DKHBI 00eCIeYHBaTh
coxpaHeHMe 001elf 1 MECTHOM YCTOHYHBOCTH KOHCTPYKIIHH.

Hanpsixenus oT geficTBHs BHYTPEHHETO AaBJIeHUs B THOKHUX 271eMeHTaX CHIbGOHHBIX U
JIMH30BBIX KOMIIEHCATOPOB OIPEEAIOTCA 110 hOpMyIaM:

- OKPY’KHbIE MeMODaHHbIE HATIPSKEHHSI:

Cemp = (S—S((fini)H 7q M a7
- 0ceBble MEMOPaHHEIE HATIPSKEHHS:
Cmmp - _PH_ , MHa, (18)
2(5-c¢)
- OCeBbIe H3THOHBIE HATIPSIKEHUS:
PH’C,
mbp =5(S——c)2’ Mlla, (19)

rae C, — GespasvepHblil k03¢ UIIEHT, Onpe/ieNseMblii 10 TPadHUKy YepT.5 B 3aBHCHMOCTH
oT 6e3pa3MepHBIX TTAPaMETPOB ¢ U P.

Jonyckaercst mpoBoAKTD GoJlee TOYHOE ONpEeJeeHHE OCEBbIX M3THOHBIX HANPSKEHHN
OT AEHCTBYSI 1aBJEHUs] YUCTCHHHIMH METOaMH.

YemoBust cTaTHYECKOM MPOYHOCTH THOKHX 37€MEHTOB CHIb(OHHBIX U JHH3OBBIX KOM-
IIEHCATOPOB:

Semp <[0], MiTa, (20)
Gmmp < [G] , MHa, (21)
Spmp + Smip <2.5[0] | MiTa. (22)

B caydae, ecau JiuHA ITMAMHAPHYECKON KpaeBOH 30HBI THOKOro 3jeMeHTa
[>1,5\/(§—c)D,, ona nONOIHHTENLHO IIPOBEPSAETCS HA MPOYHOCTb, KAK IMIHHAPHYECKAS
TpyGa, paboTaromas 1oz aeiicTueM BHyTperHero aapienus. [pu [ <1,5./(S ~c)D, Hamnps-
’KeHHe B IMIHHIPHIECKOH KpaeBoi 30He THOKOTO 3/IeMeHTa HOJIKHO OTBeYaTh YCIOBHIO:
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PD, !
A5-0)| L55-ooD, <[ol, Mia. (23)

Hanpm](emm oT ,T_[ef‘,lCTBI/Iﬂ PpacC4€THOTO OCE€BOI0 NEPEMENIEHNA B CHJII)(bOHHbIX ¥ JIMH30-
BBIX KOMIIEHCATOPaX ONPEXENAIOTCA YUCIEHHBIME MeTogaMu. JlonyckaeTcst onpeaesiTh Ux
no hopmyaam:

- oceBble MeMOpaHHbIE HAPSKEHHS

Er_[sT
=t | S
O umd 2anS[H:| , Mlla, (24)
- OCEBbIC lfIBTPI6HbIe Haﬂpﬂ)KCHHﬂ
_5ESM,,
Sumbd —m, MIla, (25)

tae C o C,— 6e3pasmepHble K03 dHIHEHTEI, OnpefesnsieMble N0 rpadukam 4ept. 4, 6 B 3aBU-
CHMOCTH OT 6e3pa3MepHbIX IAPaMETPOB o U 3.
MaxkcuManbHOE SKBHBAIEHTHOE HAIPSIKEHHE

G, = (Gmmp +Cmpp + Ommd + Cmbd ), Mlla. (26)
PacuerHasi aMILINTYAa YCJIOBHBIX YIIPYTHX HAIIPSDKEHHI:
Oge = 0,547 K0, , MIla 27
Ko:—)(qunném NpHBeeHUs HanpshkeHui K, 1171 CHIb(GOHHBIX KOMIIEHCATOPOB, TOJTYy-

YEHHBIX METOJIOM I‘HleOClJOpMOBKH H JINH30BbIX KOMIIEHCAaTOPOB, CBAPECHHBIX M3 JIBYX MOJIYy-
JIMH3, PEKOMEHAYETCA IPDUHHUMATD 110 HH)KGHpHBQl[EHHOiI T&6JII!HC

Koapduunent npuseaenus K,
Marepuat ru6Koro sneMeHTa
cHIbGOHHBIH KOMIIEHCATOP JHH30BBI KOMIIEHCATOP
YriepoaucTas M JierHpoBaHHast 19 29
HEeayCTEHUTHasl CTajlb ! ’
AycTeHHTHAs CTAND 1,05 2,0

Koaddunment Ay npuHHMAaeTcs COracHO MYHKTY 7.4.4 HaCTOAINEro CTaHAapTa.

B cityyae, eciu pacyeTHasA aMILTHTY/IA YCIOBHBIX YIPYTHX HAIPsDKEHHI, OnlpeeieHHAsa
o opmye (27), He IpeBBINIaeT BeAMYHHD! 3[G], AanbHeiilias MPoBepKa HA IHKIMYECKYIO
[IPOYHOCTh TPOBOAUTCA MO ILN.7.4.4-7.4.10 cranmapTa ¢ HCHOJIb30BaHHEM IIOTYYEHHBIX
Bblllle BETUYHH G, U G,,. B MPOTHBHOM C.lydae, onpefeeHHe HaNPsKeHHO-1epOPMUPOBaH-
HOTO COCTOSIHHSI TMOKHX 3JIEMEHTOB KOMIIEHCATOPOB BBITIOJTHSETCSA YMCIEHHbBIMA METOAAMHU
C Yy4eTOM reoMeTpUYecKoii ¥ PH3HYECKOH HeTHHeHHOCTH.
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IIpunoxenue 5. PacyeTHO-3KCIIePUMEHTAIbHBIE METO/IbI H
cpelcTBa 3alMThI TPYOONPOBOAOB OT BUOpaIH

5.1. TexHuuyeckne pemieHHs MO CHUKEHUIO
IyJIbCAllMH TIOTOKOB, BUOPAaUU Tg)y6onp030/103
¥ BUOPO3AIHTE OKPYKAIONIMX 00BEKTOB

CHIXeHUe BUODAMK IPOH3BOAHTCS MyTeM YMEHBIIEHUs] WIH CHATHS BO3MYIIAIOIIHX
BoafelicTeuit. IIpu 5ToM HEOOXOAMMO B IIEPBYIO OYepelb YCTPAHUTH Pe30HAHCHBIE KOMeda-
HHs IIyJIbCHPYIONIETO TOTOKA X OTCTPOMTh OT BO3MOXKHOTO COBIIaeHUS PE3OHAHCOB IIOTOKA
M MEXaHUYeCKOi CHCTEMBIL.

W3BecTHH CIeAyIONIHE CIIOCOOBI OTCTPOMKH CHCTEMBI OT PE30HAHCHBIX KOJIeOaHUi
rasa.

5.1.1. VIameHeHMe AMMH M BAMETPOB YYACTKOB TPYOOIPOBOJHOH CHCTEMBI, €CIH 3TO
JIOMYCKAETCS] KOMIIOHOBKOE CHCTEMBIL.

5.1.2. I3aMeHeHHe TemilepaTyphl U AaBJE€HHsS HArHETAHHSA KOMIIPECCOpa, ecIH 3TO BO3-
MO:KHO TI0 TexXHOMOTHU paboTel. OT STUX apaMeTPOB 3aBHCHT BEIHYHHA ITOTHOCTH TIPOAYK-
Ta H CKOPOCTH 3BYKA, BIIMSIONMX HA YACTOTHBIN CIIEKTP CHCTEMBL

5.1.3. YcraHoBka auadparM, KOTOpbie PacCEHBAIOT SHEPIHIO KojaeOaHWil Ta3a U H3Me-
HSIIOT aMILTUTYAHO-4aCTOTHBIH CIeKTp ra3a B TpyOonpoBoaHOi cucteMe. OpPHEHTUPOBOYHO
apamerp pacTouxku auacparM cocrasiser  0,5D; (D; — BHyTpeHHHMIT guameTp TpyOsI).
OnruMasbHbIil JHaMeTp pacToukH anadparmel d, obecnevnBaomuii sgppekTuBHOE raneHre
[YbCALHH, MOXeT OBITh ompeaeeH 1o GopMy.ie

a’=D4/VCp/C , (1)

rIe Vq, — CpeHssA CKOPOCTh rasa B TPYGONpoBoOe.
Jas 1ByxdasHbiXx OTOKOB:

d=Di1,5¢ , )

rie & — koadduuneHT conpoTHBaeHNs AHAGPATMEL

5.1.4. YctanoBka OydepHbIx eMKOCTeH ¢ HeIbl0 YMEHbIIeHHUs] aMILTHTY /bl ITyJIbCal[UK
JaBJeHHA 3a CYeT DacCeMBaHMs SHEPIUM, 3aTpayMBaeMoOil Ha BO30y)XIeHHe Macchl rasa
B obbeme Oy(depHOH eMKOCTH, U U3MEHEHHs CIeKTPa COGCTBEHHBIX 4acTOT KouebaHuil.
Ans sHanbosee acdexTuBHOrO ramenust konebanuii 6ydepHas eMKOCTb YCTaHABJIMBAETCS
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HeMOCPE/ICTBEHHO Y UCTOYHHMKA BO30YXAeHud KoaebaHuii (y miiHHApa Kommpeccopa). Ha
HECKOJIbKO IIHTHH/IPOB OHOM CTYIIEHH 1{eN1eco00Pa3Ho YCTAHABIMBATE ODLIYIO €EMKOCTb.

5.1.5. YcranoBka auadparm Ha BXOJE B EMKOCTb MJIM HA BBIXOJIE€ M3 eMKOCTH. I1py aTOM
pasMepbl eMKOCTH MOTYT ObITh YMeHbLIEHb pUMepPHO Ha 30% 1O CpaBHEHHIO C eMKOCTBIO
0e3 nuadparmbl. JonosaHUTEIbHBIE TOTEPH AABICHHS [IPH YCTAHOBKE AMA(pParMbl MEHbIIE,
9eM AOIOJHUTEIbHBIE HOTEPH MPH PE3CHAHCHBIX KOMEHAHUSIX.

5.1.6. YcranoBka akycTHUeCKHX (PHILTPOB B TE€X CAy4asiX, KOTAa BO3HHKAET HeoOXOMu-
MOCTbD B 3HAUHTEIbHOM CHHXKEHHH KoleGaHMiA, a TpeOYIoNHeCs /151 3TOTO rabapuTHbIE Pa3Me-
pb1 OyepHOIi eMKOCTH IPEBBIIIAIOT JOIYCTUMBIE [10 YCIOBHSIM KOMIIOHOBKH. AKYCTHYECKHH
(PUIBTP XapaKTepH3yeTCsd YETKHM JUCKPETHEIM CIEKTPOM II0JIOC ITPOMYCKAHHUSA U TalleHus
YacTOT KozebaHui rasa.

5.1.7. NarepdrepeHIIHOHHDII CITOCOD raiieHus Iy abCaliii, KOTopbii 3¢ deKTHBEH B OYeHb
y3Koii nlos10ce yacToT Koslebanuii. [IpenycMaTpuBaeT npuMeHeHHe CIIelIHaTbHBIX OTBETBICHHH
WJIU TIETEb, IJIMHY KOTOPBIX MOAOHPAIOT PABHOH HEYETHOMY YHMC.IY MTOJIYBOJIH.

5.1.8. Coueranue B 0/HOI TPYOOIPOBOAHONH CHCTEME PA3IHYHBIX CIIOCOOOB TAIEHUS
MIYIbCAIHIL.

[MocsienoBaTeIBHOCTD [IPOBEAEHHST OTCTPOMKH OT PE30HAHCHBIX KoleOaHWid, a Takxke
CHIDKEHUSI KojleOaHUil JaB.IeHUs rasa, IPeACTaBiseT co00i MTEPAHOHHBINA IIPOIIECC BHE-
CEeHHsI H3MEHEHHI B KOHCTPYKIHIO TPYOOIPOBOAHOM CHCTEMBE C MOCIEAYIONIEH TPOBEPKO
3¢ PpeKTUBHOCTH U3MEHEHUI PAacYeTOM Ha KOMITBIOTEDPE MO CIIEHAIBHBIM MPOrPaMMaM.

Ecsmm usMeHeHHe nmapaMeTpoB ra3a HEBO3MOXKHO HJIM He JIaeT JKeJTaeMbiX Pe3YJbTaToB,
paccMaTpHBaeTCs BO3MOXKHOCTh U3MEHEHHUSI TeOMEeTPHYECKHUX IMapaMeTPOB CHCTEMBI, a IIpU
HaJIMYMH B CXeMe BCIIOMOTaTe/IbHbIX TEXHOJOTMUECKUX aNllapaTtoB (Macio ITH BJarooT/ie-
JIUTEJIeH, CenapaTopoB, TEIIOOOMEHHUKOB U IP.) PACCMATPUBAIOTCS BADHAHTHI KOMITOHOBKH
aToro obopynoBanus. [Ipu HeOOX0ANMOCTH IPUMEHSIIOTCS FaCHTEH MyJbcauui (auadpar-
Mbl, OydepHbie eMKOCTH, guadparmbl ¢ 6yhepHbBIMH eMKOCTSIMH, aKyCTHYeCKHE QUIIBTPHI ).

5.2. CunxeHue BHOpaLMU M BUOpO3amuTa
OKPY’KaIOIIHX 00bEKTOB

B Tpy60onpoBOAHBIX 0OBSI3KAX [OPLIHEBBIX MAIIMH MAKCUMATbHAST SHEPIHs IPUXOAUTCS
Ha HHM3IIHE TapPMOHUKH. PacyeThl JOIYCTHMO TIPOBOIMTDH IO HECKOJbKHM TiepBbiM (A0 3-5)
COBCTBEHHBIM YaCTOTAM KaXI0TO MPOJiETa M PEATH30BBIBATH OTCTPOHKY 110 STHM 3HAYEHHSIM.

5.2.1. /ing ycTpaHeHUs MEXaHHYEeCKHX PEe30HAHCOB IIPOU3BOAUTCS KOPPEKTHPOBKA TPY-
BOIPOBOAHON CHCTEMBHL.

CrekTp cOOCTBEHHBIX YacCTOT JUOOOH MEXaHHYECKOM CHCTEMbI 3aBHCHT OT €€ MHepI[H-
OHHO-’)KECTKOCTHbIX 3aPAaKTEPUCTUK H YCJIOBHIA 3aKpeivteHust. /st TpyOOTIPOBOAHBIX CUCTEM
TAaKHMH IIapaMeTpaMH SIBJISTIOTCH:

® KOIMYECTBO YYaCTKOB, PAaCHOMOXKEHHBIX MEKIY OMOPaMH, UX KOHQUTYpaIHg;
@ HAJIHYKEe COCPEAOTOYEHHBIX MAaCcC M UX BEJIHYMHA;
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@ YCJIOBUSI ONTHPaHUS;

@ yIIpyTrHe OIOPH U MX XapaKTePUCTUKH KeCTKOCTH;

@ UHEPLIMOHHO - XXECTKOCTHbIE APaMeTPhl Y4aCTKOB.

CocpenoTo4eHHEIE MAacChl YBEJHYHBAIOT HHEPLUOHHBIE XaPAaKTEPUCTHKH M CHHXKAIOT
3HaYeHus] COOCTBEHHAIX 4acToT. [IpakTHyeCcKr IOHMKEHHEe 3HaYeHHA COOCTBEHHOM 4aCcTOThI
c11oco60M BKAIOYEHHA AOTIOJHHTENbHON MacChi MOXeT ObITh 3((eKTHBHBIM IPH BeIMYNHE
MacCChI, CON3MePHMOI1 ¢ Maccoil y4acTka.

B peanbHbIX CHCTEMAX COCPeJOTOYEHHbIE MACChl KOHEYHBIX Pa3MEPOB YBEHYHBAIOT JKec-
TKOCTb cHcTeMBl. B 601bIIHHCTBE CIydaeB B peaIbHbIX TPYOOTIPOBOIHBIX CHCTEMAX COCPEIOTO-
YeHHBbIE MacChl HMEIOT CAaMOCTOSTE/IbHBIE ONOPHL H MOTYT PacCMaTPHBATHCS KAK Pa3fiesnTeNH
CHCTEeMBI Ha HE3aBHCHMBIE, € JKeCTKMMH 3a/Ie;IKaMH B TOYKAX IIPHCOEIMHEHHS MacC.

YkecToueHHe cuCTeMBI BKIIOYEHHEM JOTOTHHTEIBHOH Macchl - PaKTOp KOHCTPYKTHB-
HOro yBelIn4eHHs: cOOCTBEHHOM 4acToThl. BiusHHe Macc B KaXkjoM KOHKPETHOM CJIydae
MOKeT OBITh MOJYYEHO TOJIBKO PAaCcUY€TOM BCeli CHCTEMBI B 1[€JIOM.

5.2.2. CobcTBeHHBIE YAcTOTH TPYOONPOBOAA 3aBUCAT OT YC/IAOBMH 3aKPEIIEHHUS €ro
KOHIEBBIX H TPOMEXYTOYHBIX YYacTKOB. IIpu mprMeHeHHH CKOJB3SIIUX OAHOCTOPOHHHX
omop HeoOXOAUMO IIPeBAPHTENBHO MPOBECTH PacyeT Ha CTATHYECKYIO IIPOYHOCTH W ybe-
IUTHCSL B TOM, YTO COOTBETCTBYIOLIHE OAHOCTOPOHHHE CBSI3M SIBJISIOTCSA 3aMKHYTHIMH. [Ipu
OTKJIIOYEHHH OJXHOCTOPOHHEH OMOpHI (B ¢JIy4ae Pa3sOMKHYTOH CBsI3M) B MCXOAHBIX JAaHHBIX
[JISL pacyeTa COOCTBEHHBIX YACTOT MPHHHUMAETCS CYMMapHasi IJIHHA MPOJIETa MEXKAY ABYMs
COCEeTHUMH OIOPaMH, YTO MOXKET CYIIECTBEHHO CHH3UTh 3HAYeHHe COOCTBEHHOH (Mapliuasib-
HOI1) YaCTOTHI Y4aCTKa.

[lenecoobpa3HOCTh IPUMEHEHHs YTIPYTHX ONOP € MPHHATHIMH XapaKTEPUCTHKAMHM JKeC-
TKOCTH OIIpefiesisieTCst 110 pe3yisTaTaM pacyeTa Ha KOMIbIOTepe. YIIpyrue Omopbl, yBEJIHYHU-
Basi SKBUBAJIEHTHYIO JKECTKOCTD BCeH CHCTeMbl, YBEIMYHBAIOT HHXKHIOIO TPAHUILY YACTOTHOTO
Auana3oHa yyacTka U cicTemsl. [Ipumenente nx a3(peKTHBHO NPH OTCTPOHKE OT PE30HAHCA
B CTOPOHY YBEJTUUEHUSI 3HAYEHHI COOCTBEHHBIX YaCTOT.

5.2.3. Heob6xoauMoCTh OTCTPOMKH TPYOONPOBOAHON CHCTEMBI OT PE30OHAHCOB OIpeie-
JISeTCS [0 KaXKJOMY M3 ITOTEHIHAIBHO BO3MOXKHBIX MEXAaHHM3MOB BO3OYXKAECHUST BUODAIIH
H3 YCJIOBHS

fo/ fo<075 mm fy/ fo>1,3 (3)

TlocaexoBaTeIbHO 110 CTENEeHH 11e1ec000pasHOCTH U 3(PPEeKTUBHOCTH ITPUMEHSIOTCS
careayoiie cnocoOs H3MEHEHH JTHHBI TIPOJIETa.

e /[1s BbIBOZIA CHCTEMBI 3a IIpe/lelibl PE30HAHCA AOCTATOYHO H3MEHHUTD JLIMHY y4acTKa
Ha 15-20%.

e Pexomenayetcsi BHauaJIe IPOBOJUTL KOPPEKTUPOBKY B CTOPOHY YBEJIHYEHUSI fo, T.€.
YMeHbIIIeHHs JUTHHBI ITposieTa L.

o [Ipn xaxkaoM BHOBb NIPUHATOM 3HaYeHUHU L nmpoBepsiercst cooTHomeHue (3) o BceM
BO3MYLIAIOIHM YaCTOTaM.

71



CTII 09-04-02 (001-CTII/A)

® B ciayyae BbIxona cucTeMBbl U3 30HBI OAHOIO M BXOJa B 30HY APYrOro pe3oHaHca,
CHCTEMa KOPPEKTHPYCTCS [0 HOBOMY Pe30HAHCHOMY PeXXKHMY.

o Ilpu HEBO3MOXKHOCTH KODPEKTHPOBKH B CTOPOHY YBETHYEHHS f; KOPPEKTHPOBKA
NPOBOJMTCH YMeHbUIEHHeM f, T.e. yBeJMYeHHeM IJIMHBI ompefersiomero fo
yuacTka.

5.2.4. YcroBust 3aKpersieHus H YIIpYTHe OIIOPHL.

IIpu orpaHn4eHHHBIX BO3MOXHOCTSX BAPbHPOBAHHUS JITHHBI IPOJIETA, OTCTPOMKA CUCTE-

MbI OT PE30HAHCA IIPOBOMTCS BHIOOPOM THIIA OIIOP M MOAOGOPOM HX JKeCTKOCTH. M3Menenue
PaCIIOJIOKEHHS COCPeOTOYEHHBIX MACC 33/]a€TCSI PACYETYMKOM TOJIBKO IIPH HATMYHMH B CHC-
TeMe COCPeI0TOYeHHBIX MacC.

[Tpn UX OTCYTCTBHH CIIEI{HATbHO BBOAMTH COCPEJOTOYEHHbIE JONOJHUTENbHbBIE MACCHI
JUI1 U3MEHEHHUS CIIEKTPA YaCTOT PEKOMEHAYETCS TOAbKO IPU HEBO3MOKHOCTH IIPUMEHEHMSI
JPYTHX CIIOCOO0B OTCTPOHMKH OT PE30HAHCA.

5.2.5. U3MeneHue reOMETPHH CHCTEMBI.

[Tpu HeapPeKTHBHOCTH CHOCOOOB, H3MOKEHHHIX B MyHKTax 5.2.1—5.2.4, Heo6XoqumMo
H3MEeHHTb FeOMETPHIO CHCTeMBI, obecrieynB cBoGOY BapHAlH f), MAaKCHMAIBHO CTIPSAMUB
TPACCy, IO BO3MOKHOCTH n3beras JAUIIHAX H0BOpoTOB. [Ipu 3TOM criocobe HEOHXOAUMO NPo-
BEJIEHHE [IPOBEPOYHBIX PACUETOB TPYOONMPOBOAA HA IPOYHOCTD H JKECTKOCTD.

5.2.6. 1I3MeHeHe HHEPIIMOHHO -’KeCTKOCTHBIX [IAPaMETPOB TPYOONPOBOAA BapbUPYeETCs
IraMeTpoM TpyborpoBoaa.

IIpu HATHYHK CTIEUHATBHBIX HHEPLMOHHO -KECTKOCTHBIX TaCHTeJIeH, aHTHBUOPATOPOB,
HCXOMS M3 3KOHOMHYECKOM M TEXHHYECKOI 11e/IeCO06Pa3HOCTH X IPHMEHEHHS], IIPOCYUTHI-
BAIOTCsI BADHAHTHI YACTOTHHIX CHEKTPOB CHCTEMBI C FAaCHTEIMH, H 110 dopMaM KosrebaHHit
IPOBOJUTCSA OLleHKa WX 3 GEeKTHBHOCTH.

Koppekrnposka Tpy6oipoBogHOi CUCTEMbI 151 YCTPAHEHHMsE MEXaHUYECKOIO PE30HAH-
ca NPOBOIUTCA IO KaXIAOMY MEXaHM3MY BO3OYKIEHHs KolebaHU He MeHee, YeM MO ISTH
FapMOHMKAM M KOJIHYECTBY COOCTBEHHBIX YAaCTOT KOIEOaHUH CHCTEMBI, 32JaBAEMOMY PacyeT-
YHUKOM, HJIH PAaBHOMY YBOCHHOMY 3HaYEeHHUIO YHCNA YYACTKOB CUCTEMBEI.

5.3. PCKOMCHJ.IaIll/IH IO HHCTPYMEHTAJIBHOMY
OGCJICZ[OB&HI/I]O H MOHUTOPHHI'Y TpYﬁOﬂpOBOZ[HbIX
CHCTEM U HarHETATEJIbHBIX MAIITHH IIPH ITYCKE H 9KC-
IUTyaTalluu

5.3.1. HcTpyMeHTaIbHbIE 00C/IeA0BaHUs BHOPALHH.

Ilenpio 06C1e10BaHHSA ABIAETCS:

® u3MepeHue ypoBHeil BUOpamuu TpyOONpPOBOIOB, CPaBHEHHE MX C AOMYCKAaeMbIMH

(cm. . 5.4.2);
® OIpeje/ieHHe CTEIEHH ONIACHOCTH BUOpalIMu;
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® aHAIK3 CIIEKTPOB BUGPAIMH, ANATHOCTHKA YACTOTHBIX CIIEKTPOB BUOPOBO3MYIEHHH

¥ X UHTEHCUBHOCTH;
® OIlIEHKa YpPOBHEH BUODALMM 3JIEMEHTOB HarHeTaTesbHbIX MaluH (5.4.3—5.4.9) xak
HCTOYHHUKOB BUOpanuy,

® 3MEepeHME YPOBHEH IyIbCALH JABJIEeHNs, CDAaBHEHUE X C OITyCKaeMBIMH, OTIpere-
JileHHe HeOOXOIMMOCTH UX CHIKEHUS;

® oIpezesieHre HeOHX0AMMOCTH BHGPO3AIMTEI OKPYKAOIMX 00BEKTOB;

@ 32KTI0YeHME 0 HEOOXOAUMOCTH IIEPUOAHIECKOTO WIH CTAMOHAPHOTO MOHHUTOPUHTA
BHOpaluu TPyOOTPOBOIOB M HATHETATeAbHBIX MAIIHH.

5.3.1.1. smepenns Bubpanuu.

W3Mepenuuns B kaxa0ii HaMeUeHHOI TOUKe IPOBOAUTCA MO TPeM OCSIM. YCIOBHO NPHHH-
MAIOTCS CHIe/yIONIie HalpaBieHHs oceii:

Y - 1o ocu Bajia MalIMHEL;

X - B TODU30HTAJIBHOM IJIOCKOCTH;

Z - HOpMaJTbHO K IJIOCKOCTH XY.

Hanpasnenue Y BriiepkuBaeTcs 110 Beell Tpacce 1151 KaXKIOT0 y4acTKa.

5.3.1.2. Touku H3aMepeHusT:

® HarHeTaTeJbHas MalllHHA - Ha TOpLUAX LHJIMHAPOB, HArHETaTEJbHbIE NATPYOKH,

dynaameHTHBIE OOJITH;
® onopsl TpyGONpOBOAa;
® cepeMHa KKAOIO IIPoJeTa MeXIy Oonopami, NpH HAIMYMM B IIpOJieTe MEXKAY
OIIOpaMH OTBOZOB - HA KOHILIAX OTBOJA.

Ounpepensierca  4acTOTHBIH  chmexktp Bubpammu. /3MmepsioTcss  pa3maxu
BuOponepeMeneHHii:

® 00muii (CyMMapHbIii) ypOBEHbD;

® LIS KaXK/0M YaCTOTHOM COCTaBJAoIIeH CIIEKTpa.

5.3.1.3. Ilpu nipoBeseHnH u3MepeHuit (PMKCHPYETCs PeXKNM Harpys>keHus! TpyOoIpoBoja:
COCTaB MPOAYKTA;

TeMIIepaTypa Ha KaKAOM y4JacTKe;
JaBJIeHUE;

TIPOM3BOAUTEIBHOCTS;

BpeMs ¥ aTa NOBeJIeHHs] H3MepeHHil.

IIpu MeHsIOUIMXCA PeXHMMax JKCIUTyaTalui TpefyeTcs mpoBeleHHe H3MepeHHil Ha
3-4-X peXkuMax NPOM3BOAUTENBHOCTH. Pe3ynbraThl H3MepeHHil IIPOTOKOIUPYIOTCS € yKasa-
HHeM HCIIOJIHUTe e,

5.3.2. MoHuTOpUHT TPYOONIPOBOIHBIX CHCTEM.

Bua MonuropuHra (IepHMOAMYECKHMil WM HOCTOSIHHBIM) onpefiesisieTcs IPOEKTHOH
NOKyMeHTallieil MM Ha3HAYAeTCs 110 Pe3yIbTaTaM MHCTPYMEHTAIbHBIX 00C/Ie10BaHHIA.

5.3.2.1. Ilepyoguyeckuii MOHHTOPHHI.

BoinonnsioTcs Bce TpefoBanus myHkra 5.3.1. [lepuoauysocTs M3Mepenuii BUOpanun
TpU ONOPHBIX YPOBHSAX He Bbie 2 (CM. NMyHKT 5.4.2) Ha3HaYaeTCs He pexke ONHOTO pa3a B
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Mecsu. IIpn sHaYeHMsX BUOPALMH, IPHOIIIKAIOMMXCS K TPETHEMY YPOBHIO - He pexe 1 pasa
B Hegemo. [Ipu crabusmzaniy Bubpauuu B paiioHe 3-ro ypoBHsI B TeueHHe 4-X uzmepenuit (1
Mecsil) JOMYCTHMO YBENMUUMTD NEPHOAMYHOCTD [0 OHOIO MeCsiia.

[Ipu Bo3pacTaHmu ypoBHeil OT 3 70 4 HEOOXOAMM eXKe[HEBHbIA MOHHTOPHHT W TIPH
JOCTHXeHUH Pa3MaxoB BHOPAIIHH CPeIHIX 3HAYeHHii B oaoce 3-4 ypoBHeii TpeGyercs cpod-
HasAg OCTAaHOBKA H PEKOHCTPYKIIHS CHCTEMBI.

5.3.2.2. CrauuoHApHbI MOHUTOPHHT.

Heo6x0auMOCTh OlpenessaeTcs NPOeKTOM MO CTENeHH OTBETCTBEHHOCTH H ONACHOCTH
WTH 3aKTI04eHHEM TI0 HHCTPYMEHTAIbHBIM 00cenoBanusaM. [IpH CTallHOHADHOM MOHHTO-
PHYHTe IpeayCcMaTPHUBAETCS:

® Ha HATHeTaTeJIbHbIX MAlllHAX - He MeHee ofHoii ToukH (1o X, Y, Z);

® Ha TPYGOIPOBOAHBIX CHCTEMAX - HE MEHEE, YeM B TPeX TOYKAX IIO Tpacce.

lonyckaetcst pukcanys yposueil BHOpAlUM /UIS KAKAOH TOUKU IO OTHOMY HUIH ABYM
HauboJiee BHOPOOIIACHBIM HAIIPABICHUIM.

ITo MakCHMAIBHBIM YPOBHSIM BHOPAIMH U3 BCEX HAMEYEHHBIX TOYEK II0 TPacce H KOop-
AMHATaM BHIOHPAIOTCS He MEHee JBYX [ BKJIIOYEHHS CHIHATU3AIMH JOCTHXEHHs aBapuii-
HOTO YPOBHSL.

5.4. HopmupoBanue nyJibCaliid IIOTOKa ¥ BUOpayu
TPyOONPOBOIOB

5.4.1. [Tyabcaiius MOTOKa MPOAYKTA.
HepaBHOMEPHOCTH MOTOKA OTPAHHYHBAETCSA B 3aBHCUMOCTH OT pab0oyYero JaBiIeHHs!.

OrpanudeHns HepaBHOMEPHOCTH MyJIbCALMH IIOTOKA
Tadaunma 5.1

P, MIla 0.5 0,5-1,0 1,0-2,0 2,0-5,0 5,0
0, % 4-8 4-6 3-5 2-4 2-3

Jlu1s1 BCachIBAIOIIHX JAMHUIH U He(TAHOrO ra3a Aomyckaerca 60:1biiee 3HAYEHHE MYJIbCa-
L{HH JIABJIEHAS.

5.4.2. Bubparuu Tpy60npoBoIoB.

HopMHpYIOTCs 110 aMILIUTYAe BUOPOIIEPEMENIEHHI B 3aBUCUMOCTH OT YaCTOTHI BUOpa-
LHU.

Pa3ziuyarorcs nsaTh OMOPHBIX YPOBHEH BHOpAIHu:

® 1 — pacyeTHBIii IpU IPOEKTUPOBAHUH;

® 2 — JOoIyCKaeMblil IIPH 3KCILTyaTallHH;

o 3 — rpebyomuii HCIIpaBAEHHs, PEKOHCTPYKIMH CHCTEMBL;

® 4 — ypOBeHb I10SIBJIEHUS aBapPUIHBIX CUTYAIH.
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CoOTBETCTBEHHO B AMAMa30HAX:
® [0 YPOBHS 2 — YAOBJETBOPHTEJBHOE COCTOSTHHE TPYOOIPOBOAOB;
e 2 — 3 — jomyckaeMmoe 3Ha4YeHHe, KOHTPOIb;
® 3 — 4 — NOBBIEHHBI KOHTPOJIb, BOBMOXKHBI OTKa3bl, HEOOXOIHMBI HCIIPaBJIEHHE,
PEKOHCTPYKIIHS;
® Bbillie 4 - BKCTPeHHOE HCIIPaBJIeHHE.
B 12671.5.2 naHbl JUCKPETHbIE 3HAYEHHsI AONYCKAEMbIX 3HaYeHuil BUOpauuu tpybonpo-
BOJOB A1 (I)IrIKCI/IpOBaHHhIX HacTorT.
Tabauua 5.2

JonyckaeMble 3HA9€HNA aMIUTHTY BHGpaLHH TPyOONIPOBOAOB .5, MKM

YacroTta, Iy
YpoBeHb
2 4 6 8 10 20 30 40 50 60
1 120 | 115 | 100 90 85 60 50 45 40 50
2 250 | 230 | 200 | 180 | 165 | 120 95 85 75 70
3 500 | 450 | 400 | 360 | 330 | 230 | 180 | 145 | 135 130
4 1250 f 1100 { 950 | 800 | 750 | 500 | 420 | 350 | 320 | 300

IpakTudecku st GOMBIUIMHCTBA TPYOONIPOBOAHKX 0OBSI30K HACOCOB W KOMIIPECCOPOB
r7IaBHble aMIUIMTYHBIE COCTAaBJSIOIIHE TIPOIECCOB BHOpaIHU oNpeAesieHbl B AHANA30HE C
yactoramu ao 60-70 repm.

IIpu MOHHTODUHTE BHOPOCOCTOSTHHSI TPYOOIPOBOJOB B YCJOBHSAX SKCIUIyaTallHd C
I[{EJIbIO OLIEHKH Y BBISIBJICHHsI [IPHYHH MOBBIIIEHHBIX YPOBHEH BUOPALH, HEOOXOIUMO HMETh,
KpPOMe YPOBHEHA My Ibcalluy AaBAeHus1, HHHOPMaIHIO 00 YPOBHIX BUOPALIUH KOMIIPECCOPOB,
HacoCOB, QYHAAMEHTOB H T.I.

Ouenky BUOPAIMOHHOTO COCTOSIHIISI HACOCOB H KOMITPECCOPOB, 32 HCKIIIOYEHHEM TTODII-
HeBbIX MAIIWH C HOMMHAIBHOH MOHOCTBIO 60Jtee 15 kBT 1 HoMuHAaBHOI cKOpocThIo OT 120
70 15000 mun1, MIPOBOAUTCS ITO 3HAYEHUSIM CPEHHX KBaJpaTUYHBIX 3HAYEHHI BUOPOCKOD-
ctd (MM/c) u BUOporiepeMeltennit (MKM) [5]. B ocTanpHbIX ciydasx, ajsl OlleHKH BUOpauuu
HCIIOAB3YIOTCS IPUBOJINMBIE HIDKE JOMYCTUMbIE aMILTUTYIB BUODALIUHU Y3JI0B U 3JIEMEHTOB
HarHEeTaTeJbHbIX MAIIHH.

5.4.3. Hacocpbl.

Tabawumma 5.3

YacToTa Bpante- = = or 16,.5 10 ot 25,0 1o =
st BAa C - o125 or 12,510 16,5 250 50.0 cebie 30,0
Honycrumas

aMILTHTYa Bub- 120 100 80 60 50

pauvu Sa, Mxm
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5.4.4. OyHAaMEHTHI MOPIITHEBBIX MAIIH.

Tabauuma 5.4

‘Jacr}cl);z;i Klql.‘ne6a- 1035 3580 80-25,0 25.0-50,0
HonycTHMas amn-
AUTY/A BUODALMH 400 200 100 50

S MEM

5.4.5. @yH1aMeHTHI 3€KTPOJABHIATENEH.

Tabauma 5.5

Yacrora KoJebanuii,

Iy o 8 8-12,5 cebime 12,5
onycrTumas aMILTHTY-
Za BHOpanuu S, MM 200 150 100
5.4.6. OyHIaMeHTHI TYPOOArperaTos.
Tabauua 5.6
YacroTa llc_z.qe6aﬂnﬁ, 1025 25.50 cBpime 50
HomycTuMast aMILTHTY- 100 70 40

na Bubpauun S, MKm

5.4.7. IINAUHADPSL 1 MEKCTYTIEHYAThIE aIllIapaThl HOPIIHEBbIX MALIHH.

Tabauma 5.7

Yacrota konebanuit, iy 1o 25 cBbiie 10
HonycriuMas aMiaTy1a BHO-
pauuu S, MKM 250 200
5.4.8. ToauuIHUKH TYpOOArperaTos.
Tabauua 5.8
Yacrora Koiebda-
s, Iy 25-50 50-80 80-135 cBbiire 135
Jonycrumas amn-
JIHTy A BUOPAIHH 95 20 13 1,5
S MKM
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5.4.9. IloaAmIMIHUKY 31€KTPOABUTATENIEH.

Tabauma 5.9
actora koseGa- 0125 12,5-16,5 16,5-25 25-50
Hui, I"l‘ p1 L » ) y »
JlonycruMas ami-
JATY A2 BEOpauHn 80 65 50 25
S0 MKM
5.4.10. Paboyee MecTO MalIHHACTA.
Tabnanuma 5.10
Hacrora ’};—"eﬁaﬂ"‘"‘- 103 35 58 8-15 15-30 | coomme 30
JlomycTHMas aMIII-
TyZAa BHOpAIny S, 300 200 75 25 15 5
MKEM

5.5. Boxiee 1MOJIHO OlEHKA BUOPANUM TEXHOMOTHMYECKUX TPYOOTIPOBOJOB M3JI0XKEHA B

ctanzapre [17].
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Ilpunoxenue 6. Pacuer Ha3HaYeHHOrO pecypca TpyOooOnpoBoa

6.1. HacTosmas MeToAHKa OIIeHKH Ha3HAYEHHOTO PECyPca PACIPOCTPAHIETCA Ha CTab-
HBIE TEXHOJIOTHYECKHE TPYOOIPOBO/IBI, a TAKKE 3MEEBUKH TEXHOJOIMYECKHX TEYel.

6.2. HasnaueHHBbI# pecypc TpyOOIPOBOAa ONpPEAEIAETC KAK MUHHMAMbHOE 3HAYEHHE
pecypca COCTaBIAININX ero 3;1eMeHTOB U coeuHeHui. [1og HazHaUeHHBIM pecypcoM MOHH-
MaeTcs yKa3aHHOE B IPOEKTe pacyeTHOE 3HaYeHHe HapabOTKH (B TO/IAX, THICSIYAX YaCOB ), [IPH
TOCTHXE€HUH KOTOPOH BKCILTyaTanus TpyOONpoBo/ia A0JMXKHA ObITh nperameHa JLTs1 OLIEHKH
€ro OCTaTOYHOH MPOYHOCTH.

6.3. YxasaHHasl B [[POEKTAX BelHYHMHA HA3HAYEHHOTO pecypca Tpy6ompoBoaa He J0JKHA
mpeBsiaTh 30 Jrer.

6.4. [l1s1 s:1eMeHTOB TPYOOIPOBOJAOB € YMEPEHHOH TEMIIEPaTypOi NpH NpPOBeAeHHH
pacyeToB Ha LHUKJIMYECKYIO MPOYHOCTh Ha3HAUYEHHBIH pecypc OIpeAeisieTcsl CIeAYIOIMHM
obpasoM:

T, = [‘\Y’Tc] :
N,

(1

rae
N_, — pacyeTHOe YHCNO TOJHBIX IIMKJIOB Harpy:KeHHd 3a 1 rox skcIuryaTauuy Tpybor-
pPOBOAA, IOACUKUTHIBaeMoe 1o dopmy.ie (7.10 ),
[N,] — aomyctrmMoe YHCJI0 MOJHBIX HHKJIOB HArPY KEHUs BJIEMEHTa, Olpeje isieMoe 110

¢opmye: 188

=l | - (2)

3xecn
= 80 MIIa u b = 1200 - 17151 351eMEHTOB U3 YIJIEPOAHCTOM U JETMPOBAHHON HeaycTe-
HUTHOH cTasH,

a =110 MIla u b = 1000 - 27151 3;1eMeHTOB U3 AyCTEHUTHOM CTAIH.

IIpu 6, < 80 MIla Hasna4eHHbIi pecypc TpuHEMaeTcs paBHbIM 30 rogam.

6.5. /114 BEICOKOTEMITEPATYPHBIX TPYOOIIPOBOAOB M 3MEEBHKOB IIPH OLIEHKE JATHTEIbHON
IIMK/IMYECKOH MPOYHOCTH II0 ONpeIeJIEHHOMY PacyeTOM 3HAY€HHIO G, M 10 KPUBBIM JI/TH-
TeTbHOM NMPOYHOCTH HAXOAUTCA BpeMs 10 paspyieHus [7] B rogax, 3areM mo m. 6.4 ompe-

N cz’ [T]
aenawTcs 3HaveHus [N, ] u N, lasee noacuuThIBAIOTCA MapameTp € =———— K BeJIU4MHa

N
Ha3HA4YEHHOTO pecypca: ¢
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[7]

y R
T e+233

(7]

Toalt
2,33¢c+1

npu ¢>1,0, (3a)

npu c<1,0 (36)

Hpnmeyanus.
a) IIpu OTCYTCTBUMM CIIPAaBOYHBIX JAHHBIX IO JJIMTENbHON TIPOYHOCTH MaTepHaia Tpy-
6ompoBoza ast orteHkH [ 7] MOXKHO BOCTIONB30BaThCsA HOPMYAOIL:

0 8
[T]=11,41,2E;‘2] , (4)

e

6) Eciyn noBepounslii pacdyer Tpy6OnpoBofia Ha IPOYHOCTH HE NPOBOAUIICS, TO IPH
OTCYTCTBHH KOPPO3HOHHOTO M3HOCa BEJIMYMHA  ompejiesisieTcs no popmyJie:

8
[T] =11,4[ﬂj , 6)

g
rae MHoxuTenb 11,4 coorBerctByer 20-t1 rogam (200 000 gacos).

6.6. [lnsi BBICOKOTEMOEPATYPHBIX TPYOOIIPOBOAOB H 3MEEBUKOB IPH KOPPO3UOHHOM
H3HOCEe M CTaTUYeCKOM Harpy>KeHHH

1

- —D(t- =
p =Gy [y Ven=nfe=c) T ©
Ve t-C \ Ty '

rae

V. — cKOpOCTb KOPPO3UH B MM,/TOf,

t, tp — HOMMHATbHAS W PACYeTHasA TOJIIHHbI CTEHKH 31€MEHTa,

C,— npuGaBKa HA YTOHEHHE CTEHKH,

m — IOoKa3aTeJb CTeNeHHOH 3aBHCUMOCTH Tpefiesia AU TebHOH IPOYHOCTH OT BpEMEHH
(TIpH OTCYTCTBHH CIIPAaBOYHBIX AAHHBIX MPHHHMaeTca m = 8 ).

OcranbHble 0603HAYEHHS - B COOTBETCTBHH € MyHKTOM 1.4 HacToAmIero craHAapTa.

11 oleHKH Ha3HAYEHHOTO pecypca MoMuMo ¢opmyabl (6) MOXKHO HMCIOIb30BaTh
yepT.1, B KOTOpOM

=G, =G
9 Vc 153
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6.7. TIpu HATUYHH KOPPO3HOHHO-3PO3HMOHHOTO H3HOCA CTEHKH 3JIEMEHTA CpeIHeTeMITe-
paTypHOro Tpy6oIpoBOia ero Ha3HAuYeHHbIH pecype paccuuThBaeTcs mo Gopmyse:
v,

4

T, = 0

6.8. I[Ipu coueTaHUH yCTaJOCTHOTO ITOBPEXIEHUS U KOPPO3HOHHO-3PO3MOHHOTO H3HOCA
Marepuaia B CPeIHETEMIEPATYPHEIX TPYOOIPOBOJAX MPOBOAUTCS PACYET HA3HAYEHHOTO
pecypca no dopmy.iam (1) u (7), a 3aTeM BbIGHPaeTCs HAHMEHBLIEE 3HAYEHHE.

6.9. IIpu coueTaHHH YCTaJOCTHOIO MOBPEXKAECHHS H KOPPO3HOHHOTO H3HOCA B BHICOKO-
TEMIIEPATYPHBIX TPYOOIPOBOAAX IIPOBOAMTCS PACcYET HA3HAYEHHOTO pecypca mo GopMynam
(3) u (6), a 3aTeM BHIGHPAETCS HAHMEHbILIEE 3HAYEHHE.

6.10. Ec;tu pacueTHast TOJIMHA CTEHKU 3;1€MEHTA OKAXKETCs MEHBIIE ee 0TOPaKOBOYHO-
TO pasMepa , TO Ha3HaYeHHBIH Pecypc ISl cpeiHe- ¥ BBICOKOTEMIIEPATYPHBIX TPYOOIPOBO-
JOB MOACUYMUTHIBAETCs Takke 110 (opMyne (7), B KOTOPOI pacyeTHas TOIIMHA 3aMeHeHa Ha
0TOPaKOBOYHYIO, 2 3aT€M BEIOHPAETCS HAMMEHbIIee 3HAYEHHE.

T

Yepr. 1. K onpenesieHHI0 Ha3HaYeHHOTO Pecypea BHICOKOTEMIIePaTYPHBIX TPYGONPOBOAOB
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