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BBEJEHHUE

Cranpapt Accounanmu (CA) BKIIOYAaET HOPMBI H METO/IbI pacdeTa Ha
NPOYHOCTh JJIEMEHTOB COCYJOB M aNmapatoB M3 YITEPOAMCTBIX H
JIETHPOBAaHHBIX CTaJIEH, NMPHMEHAEMbBIX B XHUMHUYECKOH,
HedTenepepabarTpiBalOIEd H  APYrMX  OTPacisX  I[POMBIILIEHHOCTH,
paboTalomMx noji BHYTPECHHHM M30BITOYHBIM MHABJICHHEM, BAaKYyMOM HIIH
HApYXKHBIM JaBICHHUEM, @ TAKKE IOJ ACHCTBHEM OCEBBIX, MONEPEUHbIX YCHIHA
H H3rHGaoLIUX MOMEHTOB.

Pacyer cocynoB H ammapatoB Ha MpPOYHOCT H YCTOHYMBOCTH
HOPOBOAMTCA C LENbIO OLEHKH UX Hecylle# cnocoOHOCTH B pabo4ux yCIOBHAX,
B YCIOBHAX HCHBITAHMH H MOHTaXa mnpu coOmonenuu TpeboBaHuii,
YCTaHOBIEHHBIX B [1]. MeToaHKH pacdeToB OCHOBaHBI B OONBIIHHCTBE CIIy4acB
Ha OTEYECTBEHHBIX CTAHAAPTaX M HOPMATHBHBIX AoKymeHTax (H), a Tamke
Ha 3apy6exHBIX HOpMax, KOIJa HCITOJb30BAHME POCCHHCKHX HOPM IO TEM HIIH
MHBIM TNpPHYHHAM HE MpeJCTaBNAjAeTCsd BO3MOXHEIM (HampuMep, NpH HX
OTCYTCTBHH).

Lensio co3manus Hactosmero CA sBnanocs obwsemunenune HJ B
eAuHbI CcOOpHMK JUis oOONerdeHHs MX HCNOJNB30BaHMS HMHIDKEHEPaMH,
3aHMMAIOLIIUMHUCA pacyeTaMH Ha IPOYHOCTh H YCTOHYHBOCTH COCYAOB H
anmapaToB IO AHANOTHH C 3apyOeXHBIMH HAIHOHAILHBIMH CTaHAApPTaMH
(ASME Sect.VIIl Div.1,2; EN 13445-3; PD 5500). OpHoBpeMEHHO B
pacueTHble $OpPMyJIbI BHECEHB! KOPPEKTHPOBKH B TeX Cilyd4asx, Korxa ObuiH
JONYLIEHBl OMNEYaTKH M HETOYHOCTH. B cTaHmapre caemaHa mnomsiTka
YHHHLIHPOBATh TEPMHHONOTHIO H 0003HA4YEHHA OIHHX M TEX XK€ JJIEMEHTOB,
cozepxamuxca B pasubix HJ.

Hcnons3oBanne pacyeTHeix (opMyn Meromuk Hacrosuero CA
npeanonaraer mnpuMeHenne OBM. B aTolt cBi3M B psaage ciydaes
NpHOJIHKEHHbIE WIH YTIpOIeHHbIe GOpMyIbl H rpadMKH 3aMeHEeHbl Ha Oonee
TOYHBIEC AHATHTHYECKHE 3aBHCHMOCTH.

PacueTtsl IPOU3BOAATCA MOIIEMEHTHO H BKIIIOYAKOT B ce0s:

e IMIHHApHYEecCKHe obedaiiky (IIadKHE H MOAKPEIUICHHBIE KOJIbLAMH
WECTKOCTH) [2];
KOHHMYECKHE nepexoasl [2];
IpUBapHbIe AHHMA (cdepryeckue, JUIHNTHYECKHE, TOPOCHEPHUECKHE,
KOHHYECKHe, IUIockue (B TOM 4YHMCIE€ C pebpaMH JKECTKOCTH),
c¢epuueckne HeotGoproBaHHeie) [2,3,12,13];

e OTBEMHBHle JHMIA (IJIOCKHE, DJUIMITHYECKHe, cepudeckue

HeoTboproBaHHbIe) [2,3,15];

e 06evaiiki rOPH30HTATBHBIX COCY/IOB M aNNapaToB B MECTAaX ONMpaHHS

Ha Ce/TIoBbIe onopkl [4];

e of0cyaiikn M JHHIIA BEPTHKAIBHBLIX COCYAOB H alNapaToB B MeECTax

OIIHpPaHHA Ha OTIOPHBIE CTOMKH H nansi [4,14];

e yKpemieHue oTBepcTHii [5];
© Accouuanus «POCTEX3KCTIepTH3a»
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Y37Ibl BPE3KH IITYLIEPOB B 06e4aiiku H BhImyKiible auuma [10,42-46];
(raHIEeBbIE COCTMHEHHA COCYI0B M annapatoB [11];
(naHIEBEIE COEaMHEHHA apMaTyps! U Tpybonposozos [11,40];
py6amku cocynoB 1 anmaparos [9];
37IEMEHTHI aNnaparoB KOJIOHHOro THna [6,7] 4 ap.

IpunsTeie B HJ] XOHQMrypauHu cocymoB M ammaparoB, a TakKKe
YC/IOBHSA HX HAarpy>kK€HHs He BCET/Ia [03BOJAIOT BHIIIONHHTH pacueThsl B CTPOTrOM
COOTBETCTBHM C HOPMaMH 0e3 YIIpOILEHHH PacYeTHRIX MOZeNei, YTO MPUBOAUT
K HEJIOCTAaTOYHOH TOYHOCTH TMOJNYYaeMBIX pe3ylIbTaToB. B HacTtosmem
CTaHOAapTe B psAAe CIydYaeB pacIIMpeHa o0nacTb NPHMEHEHHS pPacYETHBIX
Mozeneii.

Ilpn pacdere rOpH3OHTRILHBIX COCYAOB H aNllapaToOB HA CEAIOBBIX
ofnopax B OTAHYHE OT METOANMKH, ONMCaHHOH B [4], npu onpeaeneHHH
H3rﬂ6310u1ux MOMEHTOB H CHJI, KaK HaJl ONOPaMH, TaK H MEXAY HHMH COCYAbI
MOTyT OBITH NPOM3BOJMLHON KOH(HIYpaluy, a OMOPsl PAaCcMoAaraThCs B JIOOOM
MECTe LIMIMHAPHUYECKUX obedaek.

JUia  onpeaeneHus Hu3med coOCTBEHHOH WacTOTH KoneGaHui
KOJIOHHOTO amnmapara HCHojib3yerca Merox Panes [48], nozsonsrommii
PacCUHTHIBATL MEPHOA KOJNEOAHHH [UIA aNnapaToB ¢ MNPOM3BOJIBHBIM
KOJIMYECTBOM YYAacCTKOB H YYHTHIBAIOLIMH COCPENOTOYEHHBIE BECOBbIC
Harpy3KkH (IUIOLIANKH, HACaKH, ONIOPKI TPYOOIIPOBOAOB M Ap.).

B cmyyae HETOYHOCTH WIH OTCYTCTBHS METOJMK pacuera B
oreuectBeHHRIX HJI Mcnionb3oBaHbl 3apyOeikHble MCTOYHHKM. JTO KacaerTcs,
HalpHMEp, pacyeTa MPOYHOCTH M XKECTKOCTH Y3IOB BpE30K IUTYLIEPOB B
LUWIHHApHYEckHe 06euaiiki | BBITyKIIEIe JHHINA, paboTaloIUX NoJ AeHCTBHEM
BHYTPEHHETO JaBJIEHHS H BHEILIHMX Harpy3ok. B ocHOBY pacuera monoxeHsl
H3BECTHEIE 3apybexcHble MeTOMNKH [42-46]. OueHKa NOTydeHHbIX HAaNPKEHHH
BBINOJIHEHA € yaeToMm [10].

Jna apMaTypHbIX (IaHLEB pacuyeT MPOBOAMTCS B COOTBETCTBHH C
[40]. TlomuMo naBneHHA, NPH pacyeTe YYUTHIBAIOTCA BHEIIHME HArpy3KH H
usrubalome MOMEHTHI, a TalOKe HANPHKEHHA, BLI3BAHHBIE pPa3sHHLEH
NHHEHHBIX yMIMHEHU# ¢naHneB M mmunek (60MTOB) NMpH TEMMEpaTypHOM
BO3AEHCTBMH, ORpeaeeMbix 1o [11].

Pacuers! cocyZ0B U anmapaToB MPOBOIATCA B YCIIOBHAX OQHOKPATHBIX
M MHOTOKPATHBIX CTaTHYECKHX HArpy30K (KOJHYECTBO LIMKJIOB HAPY)XXEHHS OT
JAaBJICHHA, TEMIIEPATyPHBIX WIH APYTHX BO3AEHCTBHA HE NMPEBHIACT 103).

Cocynsl ¥ annapatsl, paboTalomne NPH MHOTOKPAaTHBIX HAarpyskax,
NPOBEPSAIOT HA IHKIHYECKYIO MPOYHOCTH 110 [8].

Pacuer 2J€MEHTOB COCYyAOB M annapatoB, pafoTaiolHX B
KOPPO3HOHHO-aKTHBHBIX CEPOBOJOPOACOAEPXKALIUX Cpefax, NPOBOIHTCA C
yueroM [16,17].

B cnydae, korna OrpaHM4YeHHA YCIOBHH NPUMEHEHHS TOH HJIM MHOM
METOOMKH HE MOIyT ObITh COOMIONEHBI, 1ie1eco00pa3sHO BOCIONB30BATHCA
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YHCIICHHBIMM METOJAaMH pacuyera »IEMEHTOB COCYAOB H
Ppeanu3yIonIuX METOA KOHEYHBIX nemenToB (MKD).

B CA npuBeacHsl NpuUMephl pacyeToB ¢ Mcnonb3oBaHHeM MKD u
OLICHKH MOJNy4YeHHBIX pe3ynbTaToB. Ocoboe BHUMaHHE YAENEHO pacyeTy ysia

BPE3KM INTYUEPOB B OO€YalikM M NHUIA M ONpENENEHHIO OIyCKAaeMBIX
Harpy3o0Kk, ACHCTBYIONIMX Ha WTYLEP.

MeToauku pacuyeTa H3JIOXKCHEI B IBYX TOMax.

Tom 1. PacueT BepTHKaIBHBIX M FOPU30HTANIBHBIX COCYJIOB.
Towm 2. Pacuer annapaToB KOJIOHHOTO THIIA.

anrapartoB,
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TOM 1. PACYET BEPTHKAJIbHBIX X

I'OPH30HTAJIBHbBIX COCYAOB

1. OcHoBHbI€ YCJIOBHbIE 0003HAYEHHSI

YcnosHoe

TepmuH: o6o3HaueHue
JUIHHa BhICTynaloLel WHWIMHAPHYECKOH YacTH COCYAa, BKIIOYAs
0oTOOPTOBKY JHHIIA; pa3Mep CBapHOTO 1LIBA [IOCKOTO AHHINA, MM a
PaccTosnne Mexy ABYMA CMEXHBIMH KOJIbLIAMH JKECTKOCTH;
LIMPHHA CEUIOBOH ONMOPBI; MUHHMAIBHOE PACCTOAHHE MEXKIY b
HApY>XHBIMH MOBEPXHOCTAMH JBYX COCEIHHX IITYIIEPOB; [UIMHA
OCHOBAaHHs ONIOPBI, MM
IlInpuna npoxiaaky ¢GraHLEBOro COEANHEHHA, MM b,
CymMa npu6aBoK K pacUeTHLIM TOJIIHHAM CTEHOK, MM c
CymMma npH6aBOK K pac4ETHAIM TOJIIHHAM CTEHOK KoJeL, o
MECTKOCTH, MM
CyMMma npr6GaBoOK K pacyeTHOi TONIHHE BTYJIKH ILUIOCKOTO c
MHHILA C peOpaMy )KECTKOCTH, MM 0
CymMa npr6GaBOK K pacyeTHBIM TOJNIIMHAM CTEHOK narpy6koB c
LITYLEPOB, MM *
BHyTpenHuit AMaMeTp cocyna (annapara), ¢pnaHua, npHBapHOro D
KOJbLIa, MM
JuaMeTp OKpYXHOCTH PactoIOKeHHA 60ITOB, MM Dg
HapyxHsiit auameTp ¢raHia, npuBapHOro KONbLA, MM D,
Hapyxumiit auamerp cBo6omHOTO hrraHa Ha NIPUBApPHOM KOJBILIE, D
MM i
Cpennuit anaMeTp NMPOKIajkH, MM D,
PacyeTnsiii IMaMeTp IMaKoii KoHHYeCcKoi obeyaiiky;
BHYTpeHHU# aHaMeTp cBoOOIHOro ¢riaHIa Ha IPHRAPHOM D,
KOJbLE; HAHOONbIINI BHYTPEHHAH IHAMETP KOMIIEHCAaTOpa, MM
PacueTHwii AMaMeTp AHUINA (KPHILIKH) 1 KOHUYECKO#H obeuaiiku, D
MM r
HapyxHblii AnaMeTp cocyaa WiH annapaTa; BHyTPEHHH
IMaMeTp WIHHAPA Y MEHBIIETO OCHOBAHHS KOHHYECKOH D,
obeuatiku, MM
JluaMeTp OTBEPCTHA B AHHILE (KPBIILIKE); HAPYKHBIA JHAMETD d
6oirTa (IINMWIbKK); BHYTPEHHUH IHAMETP IUTYLIEPA, MM
JlnameTp oTBepcTHA N0 60ITHI (IUIMWIBKH), MM dy
PacyeTHblif IMaMETP OTBEPCTHA, MM d,
Mouxayns npononsHO# YIIPYyrocTH NpH pacYeTHOH TeMneparype, E

MIla
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YcnoBHoe

Tepmun: o06o3HaueHUE
VcnoBHBI MOAYIE CXKATHA MaTepuana npokiaaky, MIla E,
PaccTosHne Mexay LEHTPOM TAMKECTH MONEPEYHOrO CCUEHHA
KOJIbIIA XECTKOCTH M CPENHHHON ITOBEPXHOCTHIO 06€HaHKH, M €
PacyeTHoe oceBoe pacTaruBaroniee WIH CKHMarollee ycunue (6e3
yueTa Harpy3kH, BO3HHKAIONIEH OT BHYTPEHHEr0 H30BLITOYHOTO F
WIH HapyXHoro aasnenus), H
Ycunue, AeiicTBylomee Ha onopy, H Fip
JomyckaeMoe pacTarupaliee Wiy CxxuMaioniee ycuiue, H [F]
JlonmyckaemMoe 0CEBOE CKMMAIOLLEE YCHIIHE H3 YCIIOBHA [F]
YCTOHYHBOCTH B Npeaenax ynpyroct, H E
JloImyckaeMoe 0CEBOE CHKHMAIOLIEE YCHIIME H3 YCIOBHA [F]
npo4HocTH, H a
ITnomane nonepeuHoro cedeHus 601Ta (LIMHIBKH) NO
BHYTPEHHEMY TMAMETPY Pe3bGBI, MM o
Bec cocyna (annapara) B yCIOBHAX 3KCIUTyaTalliH WK
HcnbiTaHui, H
BricoTa BeIITyK10# 4acTd qHUIa 6€3 ydeTa MITHHAPHYIECKOH H
YaCTH; OTHOCHTEJIbHBIH pa3Mep KOIbLa, MM
TonmuHa daHa; BEICOTa BEPTHKAIBHOM CTOHKH; KONbLA A
JKECTKOCTH, MM
JUTHHA LWTHHAPHYECKOH YacTH OTOOPTOBKH JAHMIIL; BHICOTa
OMNOPHO J1anbl; LIHPHHA JICHTH HANPaBASAIOIEH CIIHPATH; hy
BBICOTa YTIOpa, MM
D¢ beKTHBHBIH MOMEHT UHEPLIHH PacUYETHOTO NONEPEIHOrO I
CeuyeHMA KOJIbLIA JKECTKOCTH, MM
Koadduimenr ocnabienus miockux auui (Kphimex) K
OTBEPCTHEM °
IupuHa 30HBI YKpeIIeHHA, NpHieranmei K MTynepy, MM Ly
PacueTHas JMHA UWIMHAPHIECKOH 00evaiikn, yKperuieHHo#M L
KOJIbLIAMH JKECTKOCTH; pacueTHas JUIMHa pyOallkH, M
PacueTHas JuinHa riaakoi obedaitku; A/IMHa KOHHYECKOH BTYIKH I
¢nanua, M
PacuetHsrit u3rubaromuii MomeHT, H-MM M
Jlomyckaemblii H3ruGarommii MoMenT, H-mMm M]
JlomyckaeMbli H3THOAIOLIHH MOMEHT H3 YCJIOBHS YCTOHYHBOCTH
B npeaenax ynpyrocru, H-mm M
JlomyckaeMblit H3ruaoIMii MOMEHT H3 YCIOBHS MPOYHOCTH ,
H-mMm Mjn
Yucno onop; paaManbHLIX pebep B IIIOCKOH KpbIIKE; 601TOB
(mmmrex) "
KoadduigeHT 3anaca NpouYHOCTH 0 BPEMEHHOMY n,

© Accounanns «PocTexskcneprusa»

16 © Hayuno-rexauyeckoe npeanpuarne TpyGonposoa (OO0 «HTII TpyGorrposon»)




CA 03-004-07 (CTII 10-04-02)

YcnosHoe

Tepmun: obo3HaueHHe
CONpPOTHBJIEHHIO (NpEAETY NPOYHOCTH)
Koa¢pdunmeHT 3anaca npo4HOCTH IO NPEAEITY JTHTENbLHOH n
NPOYHOCTH : .
Koad¢puunenr 3anaca npoyHOCTH O NpeleTy HoI3y4eCcTH nn
Ko3¢duimeHT 3anaca Npo4HOCTH MO NpeelTy TeKy4ecTH nr
Ko3¢duumeHT 3anaca ycTOHIHBOCTH n,
PacyeTHOe BHyTpeHHee H3OBITOMHOE WIH HApYXKHOE JaBIICHHE,
MIla p
PacueTHOE naBiieHHe B pyOalllke WIH B KaHaJ€ B COCTOSHUH
3KCIUTYaTallMM WM ucnbitanus, MIla p:
JlonyckaeMoe BHyTpeHHee H30bITOUHOE HIIH HapyXKHOE
nasnenne, MIla lp]
JlonyckaeMoe Hapy>KHO€ JaBJlIeHHE H3 YCIOBHA YCTOHYHBOCTH B
npeaenax ynpyroctu, MIla lplx
JomyckaemMoe Hapy>KHOE JaBJI€HHE H3 YCIOBHS IPOYHOCTH ,
Mna [p] n
JlonyckaeMoe BHYTpEHHee H30bITOYHOE AaBJIEHHE HIH
HapYXKHOE, ONPEAEIAEMOE H3 YCIIOBHA MPOYHOCTH HIIH [Pl
YCTOYHBOCTH Beeii 0bevaiiku (¢ KonbuaMu xectkoctH), MIla
JlomyckaeMoe Hapy>KHO€ [aBJIE€HHE H3 YCIOBHSA YCTOHYHBOCTH
Bceit 06euaiiku (C KOJbLaMH XKECTKOCTH) B IPEJEaX YOPYTOCTH, [olie
MIla
JlonyckaeMoe Hapy»KHOE JaBJeHHE U3 yCIOBHS POYHOCTH BCEH
obeuaiixu, MIla [P/
JlonyckaeMoe BHyTpEHHEE H3OBITOYHOE AaBIEHUE HIH
HapyXHOE, ONpEAC/IIEMOE H3 YCIIOBHA NMPOYHOCTH HIIH
YCTOHYHBOCTH 0O€euaiku MEXAY ABYMA COCEIHHMH KOJbLAMH Ipl:
XECTKOCTH; A0MyCKaeMoe BHYTPEeHHee H30bITOTHOE JaB/ICHHE B
pybaiuke unu B Kanane, MIla
PacuerHoe nonepeynoe ycunue, H o
Jlonyckaemoe nonepeyHoe ycuaue, H [0}
Jlonyckaemoe nornepevHoe yCHIIHE U3 YCIOBHS YCTOHYHBOCTH B
npegenax ynpyrocta, H [QIx
Jlonyckaemoe MonepevHoe YCHIHE H3 yCIOBHA npodHocTH, H [O]n
BHyTpeHHuii paauyc oTOOPTOBKH KOHHYECKOH 0beyaiiku
(AHHLIA); paauyC HEHTPaIbHOM JIMHHH KOJIbLA XKECTKOCTH;
panuyc oTGOpPTOBKH HJIM TOPOBOH 4aCTH TOpooOpa3HoOi BCTAaBKH, r
MM
Pamuyc kpuBH3HBI B BEPIIHHE AHMILA COCyIa IO BHYTPEHHEH
NOBEPXHOCTH; paauyc OypTa IUIst ONHpPaHHA 3aXKHUMa; pafnyc R

cepsl cheprueckoi HEOTOOPTOBAHHOH KPBIIIKH, MM
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KOHHYECKOH 00eyalKku, MM
HcnonHuTeNbHAA TONMIHHA CTEHKH M0JIOTOr0 KOHHYECKOTO

YcnosHoe

Tepmun: o6o3HaueHHe
MunuManeHOE 3HaUEHHE Npefeiia TEKYYEeCTH NIPH pacyeTHOH R
Temneparype, MIla ¢
MuHHMaIbHOE 3HaYEHHE NpeJieia TEKYHYECTH, IPU TEMIepaType R
20°C, MIla ¢
MuHuManbHOE 3Ha4YeHHE YCIOBHOTO Npefieiia TEKYJECTH IIPH
pacyeTHOH TeMrnepaType (HanpsKeHHE, IPH KOTOPOM OCTaTOYHOE Rpo2
yauiuHenue coctasiser 0,2%), MITa
MuHHMabHOE 3Ha4eHHE YCIOBHOTO Npejiesia TEKY4ECTH IpH 20
Temneparype 20°C, MIla Rpo.2
MunHManbHOE 3HaYeHHE BPEMEHHOTO CONPOTHBIICHHUA (Npeena
[IPOYHOCTH) NPH pacyeTHoH Temneparype, MIla R,
MuHHMaBHOE 3HAYEHHE BPEMEHHOTO CONPOTUBIEHN (peaena R
npo4HOCTH) npu Temuepatype 20°C, MIla ”
CpenHee 3HaueHHe NpeieNa UTMTENLHOM NPoYHOCTH 3a 10° 4 npu Ros
pacueTHO# TeMneparype, MIla m/i0
Cpenuuit 1%-Huit npenen nonsyuectd 3a 10° npu pacueTHod R s
Temnepatype, MIla pl010
MHHHMAaTbHOE 3HaYeHHE YCIOBHOTO NpeJielia TEKyYeCTH NPH
pac4eTHO#H TeMnepaType (HanpskeHHE, IPH KOTOPOM OCTATOYHOE Roro
yanauHeHue coctasiser 1%), MIla
HcnonHuTensHasd TOMIMHA CTEHKH 00€4aiiku, MM K]
HcnonHurensHas TOMIWHA CTEHKH JHUIIA (KPBILIKH);
chepHuecKOro cerMeHTa; epeXoaHOH YaCTH KOHHYECKOH
o0Oeyaiiky; CTeHKH IITyLIEpa; TONHHA KOHHYECKOM BTYJIKH B §1
MeCTe COEeAHHEHHUS C QIaHIeM, MM
HcnonnurenbHad TOMIHHA CTEHKH TIEPEXOHOH YacTu obeyaiiky,
MOAKJIaIHOrO JIMCTA, HAKJIAAHOTO KOJIbLA; HCIIOMHATEAbHANT
TOJIIIMHA CTEHKH IMIHHAPHYECcKoi obeuaiiky pyOaniku H KOHyca 52
WM KaHala, MM
HcnonHuTeNbHad TONIIHHA KPHILKY BHE YIUIOTHEHHA, 55
BHYTPEHHEH 4acTH 1ITylepa, MM
HcnonuurenbHas ToNMHA CTEHKH KOHHYECKO# o6edaiikn, MM Sx
ToJMHa KpbIIKH B MECTE YIUIOTHEHHA, MM Sp
PacuetHas Tomouna cTeHKH 00eyaiky, MM S,
PacyeTHas TOJIIHWHA CTEHKH KOHHYECKOH 0Oeuaiikn, MM Sxp
PacyeTHas TomnMHa CTeHKH AHALIA (KPHIUKH), CPepHIECKOTO Sip
cemeni*a) WM IEPEXOHOM YaCTH KOHHYECKOH 06edaiiki, MM
PacueTHast TO/MIHHA CTEHKH NEPEXOAHON YaCTH 06e4aiKH, MM 52
HcnonuurensHad ToMMAHEA CTEHKH TOPOUAANBHOTO NEpexoja Sr
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YcaosHoe

Tepmun: obo3HaueHue
JHHINA, MM
Pabouas Temmeparypa, °C T
[InpHHa MONEPEYHOro CEYEHUA KONbLA XKECTKOCTH B MECTE €TI0 t
NpUBapKH K obecyaike, MM
MOMEHT ynpyroro COnpOTHBJIEHHUS KOJbLA HKECTKOCTH MIPH W,
H3rube; MOMEHT CONMPOTHBJICHHSA CBapHOTO LIBA HA EAHUHHUILY €TI0
JUTHHBI MEXTy KOPITYCOM COCYZa H KOJBLIOM, MM’
MOMEHT ynpyroro COnpoTHBJIECHHA KOJIbLA KECTKOCTH MPH Wx
KPY4Y€HHH, MM
PaccrosHue OT LIEHTPa YKpEIUIIeMOro OTBEPCTHA A0 OCH x
SJUTHITHYECKOTO THUILIA, MM
ITonoBuHa yriia pacTBOpa MpH BEpIUMHE KOHHYECKOH obeyakiku, @ a; a
rpan
TeMneparypHbiii K03QQHUIHEHT TMHEHHOTO PaCIIHPEHUs ay
dnanua, rpan’
TemneparypHbli k03bQHIMEHT IMHEHHOrO paciiMpeHus 601TOB A
(mnmnex) , rpax
TeMneparypHblit KO3QPHUMEHT TMHEHHOTO pacIIMpEHHA a,
cB0OOOHOTO KOJIBLIA, Ipay
TeMnepaTypHbiit KO3Q(QHIMEHT JIHHEHHOIO PacIIUPEHU Oy
KpBIIIKH, rpan’
OTHOIIEHKE IOMyCKaeMbIX HANPsOKCHUH X
MHUHHMaNbHBIH pa3Mep CBAPHOTO 1IBa, MM A
Yrom oxBaTa ceU10BO# ONOPHI, Ipaj 5
VYrous oxBara cocy/ia NOAKIAIHBIM JIHCTOM, TPaj 5%
KoappuuueHT, y4UMTBIBAIOIIMHA PpACCTOAHME MEXAY KOPIyCOM £
cocyaa M pybamikoi
IMonpasounsri kK03 duIHEHT K NOMycKaeMBbIM HANPSKEHUAM; n
K03 }HLHMEHT HarpyKeHHUs
I'n6xocThb aneMeHTa; KO3 HIMEHT UTMHBI COMPAXEHHA A
O61wue MeMOpannbie HanpsokeHns, MIla O
JommyckaeMoe HanpsKeHue IpH pacyeTHOH Temneparype, MIla [o]
JormryckaeMoe Hanpsbkenue npu remneparype 20°C, MIla [a]”’
JlommyckaeMoe HanpshkeHue 1A 6o1Ta npH pacueTHoOR [o]s
Temneparype, MIla
JommyckaemMoe HanpaxeHue s 60JITa B yCIOBHAX MOHTaXa, [ 0]5"0
MIla
JlomyckaeMoe HanpsKeHWe U1 KOJIbia )KECTKOCTH NpH [o]«
pacdeTHo# Temnepatype, MIla
JlomyckaeMoe HanpsXeHHe 11 pebep KECTKOCTH ILIOCKOTo [d],

auua, MIla
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YcnosHoe

Tepmun: o6o3HaueHne
JlonmyckaeMoe HanpskeHHe 1A ¢iaHa py pacYeTHOM [9]s
TemnepaType, MIla
JlonmyckaeMoe HanpsHKEHHE NS MITyLepa MM CONpATaeMon [0].
obeyaiiku ¢uiaHLa npu pacaeTHol TeMnepatype, MIla
JlomyckaeMoe HalpsHKCHHE JUIA KOJbIAa CONPSIKEHHUS WITH ISR
aHKEPHOM TpyObI IPH pacueTHOH TeMIepaType; AoNMycKaeMoe
HanpspkeHHe 1A BTYJIKH IUIOCKOH KpbikH ¢ pebpamu, MIla
JonyckaeMoe HanpsHKeHUeE A4 IUIOCKOro AHHUINA ¢ pedpaMu (o]
HECTKOCTH; chepuIecKoro HeOTOOPTOBAHHOIO AHHIIA IIPH
pacueTHOH Temmneparype, MIla
JlomyckaeMoe HalpshKeHHeE )1 CTEHKH pyOalky WM KaHana A
TIPH pacueTHOI TeMneparype, MIla
JloimyckaeMoe HanpshkeHHe JUIS NEPEXOAHbIX YacTeil obedaek [d]; [o];
(UMIMHAPHYECKUX H KOHUYECKHUX ) MPH PacyeTHOH TeMIeparype,
MIla
Koa¢duuueHT npo9HOCTH CBapHHIX IIBOB @
KoadduuneHT MpogHOCTH IPOAOIBHOTO CBAPHOTO NIBA @
PacueTHblii K03(d(HIMEHT NPOYHOCTH CBAPHOTO IIBA op
Ko3¢pHIHEHT MPOYHOCTH KOJBLIEBOTO CBAPHOTO IIBA or
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2. O0mme TpedboBaHHS

2.1. Pacuemnsie 0a6AeHUR, YCUTUR U MOMEHMDL

IMox pacdeTHBIM JaBIEHHEM [UIA 37E€MEHTOB COCYNOB H annapaToB
crneayeT TNOHMMaThb [aBJICHHE, HAa KOTODOE MpPOBOIAMTCA HX pacyeT Ha
NpOYHOCTh M YCTOHYHBOCTb. PacueTHoe naBieHHE ONpeAenseTcs aBTOPOM
TEXHOJIOTHYECKOTO NMpoeKTa. PacyeTHoe NaBneHHe NPHHHMAIOT, KaK MPaBUIO,
BbIIe pabouero.

ITon paGouuM naBreHHEM I COCyla U anmapara CiefyeT MOHMMAaTh
MAaKCHMaIbHOE BHYTpCHHee U30OBITOYHOE WM HapyXHOE JaBlICHHE,
BO3HHUKAIOMIEE NMPH HOPMAIBHOM INpoTekaHuMH pabouero mpoiecca, 6e3 yuera
THAPOCTATHYECKOTO  JaBlieHus cpeabl M 0e3  y4yera  AOIMyCTHMOrO
KpPaTKOBPEMEHHOIO  TOBBIIICHHA  [JaBI€HHS BO  BpeMsA  JAeHCTBHA
NpEJOXPAHUTENBHOrO KJIANaHa WIK JPYTHX NPEIOXPaHHTENBHBIX YCTPOHCTB.
EciM Ha JJEMEHT cocyaa WIM anmapara JeficTByeT TMAPOCTAaTHYECKOE
JaBJieHHe, cocTaBisiomee 5% M Bbllle paboyero, To pacueTHOE NaBJIEHHE JUIs
9TOrO 3/EMEHTAa JOIDKHO ObITH MOBBILIEHO Ha 3TO XK€ 3HAYEHHE.

Ipyu noBBHILEHWHM [aBJICHHA B COCYAE WIH anmapate BO BpeMs
JIeACTBUA NPEeNOXPAaHUTENBHEIX YCTPOiCTB Gosee yem Ha 10%, no cpaBHeHHUIO
C pacyeTHBIM, JIEMEHTHl aNnapara JOJDKHBI PAaCCUMTHIBATHCS Ha JABJICHHUE,
paBHoe 90% gaBieHMA MNpPH M[ONHOM  OTKPHITHH  KJIamaHa MM
NPENOXPAHATENBHOrO YCTPOHCTBA.

Jina  aneMeHTOB, Pa3sACIAIOIMX MNPOCTPAaHCTBA C  pa3HBIMH
JaBjeHUsAMH (HanpuMep, B anmapatax ¢ oborpeBaiomMMu pybamkamH), 3a
pacueTHoe JaBJICHHE CJeOyeT IpPUHHUMATh 1H00 Kaxaoe JaBiieHHE B
OTIENBHOCTH, MO0 AaBieHHE, KOoTopoe Tpebyer Gonbllieil TOMIMHBI CTEHKH
paccunThiBaeMoro eMeHTa. Ecim obecnieunBaeTca oqHOBpEMEHHOE AeiiCTBHE
JaBleHUH, TO MOMYCKAeTCA MPOU3BOAHTH pPacyeT Ha Ppa3HOCTh JABJICHHIA.
Pa3HOCTb qaBneHHUs NPHHUMAETCSA B KAUECTBE PACUETHOTO JABJIEHHS TaKKe UL
TAaKMX 3JIEMEHTOB, KOTODBHIE OTAE/AIOT IPOCTPAHCTBA C BHYTPEHHAM
H30BITOYHBIM JABIEHHEM OT NPOCTPaHCTBA C abCONIOTHBIM JAaBIIEHHEM,
MeHbIMM ueM aTMocdepHoe. EcnM OTCYTCTBYIOT TOYHBIE [AaHHBIE, TO
abCOMIOTHOE IaBre€HHE, MEHbLIEE YEM aTMOCOHEPHOE, NPHHHUMAIOT pPaBHBIM
HYIIO.

IMox mpo6HBIM AaBICHHEM B COCYJE HIIH ammaparte CiaeXyeT MOHUMATh
JIaBJICHHE, IPU KOTOPOM IPOBOJHUTCS MCMBITAHHE COCY/A WM anmnapara. Pacuer
3JIEMEHTOB COCYJOB HJIM AIIapaToOB HPH YCIOBHMAX HCIBITAHHMSA NMPOH3BOIHUTCS
Ha JABJICHHE, KOTOPOMY OHH NOABEPraloTCA BO BPEeMs MPOOHOTO HCIBITAHHA,
BKIIOYAas  TIMAPOCTaTHYECKOoe  JaBleHue. Pacuer Ha  mpowHOCTh
HWIMHAPDUYECKUX 00e4yacKk M KOHHYECKHX DIEMEHTOB, BBITYKIBIX H IUIOCKHX
JHHIL A8 YCHOBHH HMCIBITAHMA NPOBOAMTL HE TpeOyeTcs, €CM JaBJEHHE B
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YCIIOBHAX HCHBLITAHHASA 6}'118'1‘ MEHbIIEC, 9€M paC4CTHOE AABJIICHHC, YMHOXCHHOC

o I°
Ha 135 .
[o]

IIpu pacdeTe Ha MPOYHOCTH M YCTOHYHBOCTH 3JIEMEHTOB COCYAOB H
anmnaparoB NOMHMO pacyeTHOro [JaBJE€HHA, HEOOXOAMMO YYHUTHIBATh
JEWCTBYIONIHE YCHITHS U MOMEHTHI. TH YCHIIMS U MOMEHTHI MOTYT BO3HHKATH
B pe3yabTaTe AeHCTBHMA COOCTBEHHOH MAcChI, Beca M30JLMH, BHYTPEHHUX M
HapYXHBIX YCTPOHCTB, IPHCOECAHHEHHEIX TPYOOIIPOBOOB, BETPOBOH, CHErOBOH
M JIPYTHX Harpy3ox.

2.2. [lonyckaemble Hanpaxcenus, ko3guyuenmst 3anaca
npOYHOCMU U YCMOUNUEOCIU

Jlonyckaemble HalpskKeHHs [PH pacyeTe MO Npefe/bHBIM Harpy3kam
COCY/IOB H annapatoB, pabOTAIONMMX [IPH CTATHYECKUX HArpy3kax [2]:
IJ1s1 YTJIEPOAUCTRIX H HH3KOJIETHPOBAHHBIX CTaleH

(o]=7-min| F M Rewz Ry Rune Rpono ) o

n, n, n, n,

JUIA ayCTEHHTHBIX CTalei

.|R,o R R R S
[a] =17 -min pLO ;o m/10° : p1,0/10 @2
n n n n

T ] a n

INonpaBouHsl#i k03 PHIMEHT K NOMYCKAEMBIM HAMPSDKEHMAM 7]

JOJDKeH OBITh paBeH eNMHHLE, 33 HCKIIOYEHHEM CTaIbHLIX OTJIMBOK, VIS
KOTOPbIX T] HMECT CIEAYIOINE 3HAUCHHSA:

0,8 - n1g OTIIMBOK, MOABEPTalOMIMXCA HHAMBHIYAIbHOMY KOHTPOIIO
Hepa3pyLIaoMMHi METOJIAMH;

0,7 - ans OCTANILHBIX OTJIHBOK.

Jlns ycnoBHiH HCIIBITAHUSA HONMYCKAaEMOE HAIIPKEHHE:

JUIA YIIE€POJHCTHIX H HH3KOJIETHPOBAHHBIX CTanei

RZO R 20
[o]= p—= 2 02 23)
ny

JUIA ayCTEHHTHBIX CTajleH

20 20
0,2 HIIH R 2.0

[o]=n= 24

ny
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KosbdumuenTsl 3amaca npoOYHOCTH JODKHBI COOTBETCTBOBATH
3HAYECHHIM, PUBEACHHLIM B Ta0m. 2.1.

Tabauua 2.1

Venosue HarpyseHus KoadduuueHT 3anaca npo4yHOCTH

nT n, nn no

Pa6ouue ycnosus 1,5 2,4 1,5 1,0

VcnoBUs HCTIBITAHHA:

rUAPABINYECKHE HCIIBITAHNA 1,1 - - -
ITHEBMATHYECKHE MCTIBITAHUA 1,2 - - -
YcioBUA MOHTaXa 1,1 - - -

Jna cocynos M anmaparoB rpynnst 3, 4 no [1] koadpduuueHT 3anaca
NPOYHOCTH 10 BPEMEHHOMY COMPOTHBIEHHIO M ; JOMYCKA€TCA IPHHHMATh
paBHbIM 2,2,

B cnydae ecnn JomyckaeMoe HampsOKEHHME Uil ayCTEHHTHBIX CTanei
ONpENENSIOT IO YCIOBHOMY IIPENENy TEKy4eCTH R,y 3amac MpOYHOCTH N

Juia paboynx yCIIOBMi IpHHHUMaeTCs paBHbIM 1,3.

Jna  craneif, MHPOKO  HMCOOAB3YEMBIX B  XHMHYECKOM,
HedrexumuaeckoM U HedrenepepabaThBaiomeM  MANIHHOCTPOSHMH,
OOIYCKaeMbl€ HampsOKEHMA [UIA paboduux yCNoBHH MpU 7 =1 JOMKHBI
COOTBETCTBOBATh 3HAYCHMAM, NpHBEAEHHBIM B [Ipwioxenun 1.

3a pacueTHyIO TEMNEPATYpy CTEHKH COCYZa MPHHUMAIOT HanGosbuiee
3HaueHHe TeMnepaTyphi cTeHkH. Ilpu Temmeparype nmke 20°C 3a pacueTHylo
TeMnepaTypy HPH OMpPEAENCHUH NOMYCKAeMBIX HANPHXKEHUH MPHHHUMAIOT
Temneparypy 20 C.

PacyerHsle  3HayeHMs ~ mpejena  TEKYYeCTH, BPEMEHHOTO
CONMpPOTHBIIEHHA, MOIYJIA IPOAONBLHOH YIPYroctH M KO3(HIHEHTOB
JMHEHHOTO DACIIHPEHHSA B 3aBHCHMOCTH OT TEMNEPaTypbl NPHHHMAIOTCH B
coorseTcTBHH ¢ [IpHnoxeHnem 2.

Koadpdument 3amaca ycToiuumBocTH (7y) NIpH pacyere COCYROB H
anmapaToB Ha YCTOWYHBOCTh IO HIDKHHM KDHTHYECKHM HANpsHKEHHAM B
TpefieIax ynpyrocTH cleAyeT IPHHMMATh:

2,4 - s pabounXx yCIIOBHH;

1,8 - i yCIIOBH#H MCIIBITAHUSA M MOHTAXKA.

IIpy pacueTHON TeMmnepaType AN yriepoaucTo crams casiue 380°C,
JUIs HHM3KOJErMPOBAaHHOH CBBILIE 420°C, mns ayCTCHHTHOH CBBIIIIE 525°C
HeoOXOMHMO yYMTHIBATh NTOI3yYecTh MaTepUaa.

Jins 3neMeHTOB COCYHOB M ammapaToB, paboTaloMX B YCIOBHAX
HOM3YydeCTH IIPH pa3HBIX 3a BeCch IEPHOI OKCIUTyaTalMH pacyeTHbIX
TEMNepaTypax, B KayecTBe JOMyCKaeMOTO HaNpsKEHHA paspelaercs
NPHHUMATh 3KBUBAJICHTHOE JONYCKaeMOE HaIPSDKEHHE:
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o], , 2.5)

$7 ()]
|To [O']i

e [0), =[o],; [0],;...[0], - nonyckaemoe nanpsokenue wis

[Om]=

PacyeTHOro CpoKa SKCIUTyaTalluy TIpH TeMmeparypax f; (i=1,2...);
T, - WMTeNbHOCTB ITANOB KCILTYaTalMH IEMEHTOB C TEMIIEPATyPOi

CTEHKH COOTBETCTBeHHO I, (i=1,2...);
n
T, = ZT, - 06K PacYETHBIA CPOK IKCILTYaTaLHH;
1

m - moxasarelb CTENEHH B YPAaBHEHHSX [UIMTENBHOH IPOYHOCTH
CTanH (VI JIETHPOBaHHBIX XapoNpOYHbIX CTajledl NMpH pasHHLE PaCYETHRIX
TeMrnepaTyp 3KcIutyatauud He 6onee 300C pekoMeHayeTcst IpUHUMATL M =8).

Oranbl  3KCIUTyaTalldd TpH  pa3sHOH  TeMIepaType  CTEHKH
PEKOMEHAYETCA IPHHUMATB 110 CTyNeHAM Temneparypsl B 5 v 10 °C.

JUis DIEMEHTOB COCYIOB H amlmapaToB, PacCYUTHIBAEMBIX HE MO
NpelesibHbIM Harpy3kaM (HampuMep, y3Jbl BPe3KH LITYLIEpOB HIH (aHIeBhIe
COCAMHEHHS) JOIyCKaeMble HaNpPsHKEHUs ONPEAEIAIOTCA II0 COOTBETCTBYIOMICH
HOPMAaTHBHO-TEXHHYECKOH HoKyMeHTauuH [11, 10, 16, 41].

Jlna cocymoB M anmapaToB, paboTalolIMX NP MHOTOKPaTHBIX
HarpysKax, JONyckaeMyl0 aMILTHTYAY HanpsbKeHHH onpeaensior no [8].

2.3. IlpubasKu K pacuemnvim moawiuHam

Ilpn pacyere cOCyAOB M ammapatoB HeoOXOMMMO Y4YHTHIBATh
npubaBKy C K pacHeTHBIM TOJIMHAM 3JIEMEHTOB!

c=c¢ +c, +cy, (2.6)
rae C; - npubaBKa /A KOMIEHCALMH KOPPO3HH H 3PO3UH;
Cz - l'lpPl6aBKa JUIA KOMIICHCAlHH MHHYCOBOTI'O IOIMYCKa,

Cy - l'lpHGaBKa TCXHOJIOTHYECKaA.

TIpu ByXCcTOpOHHEM KOHTaKTe ¢ KOPPO3HOHHOH M (MIH) 3pO3HOHHOMN
cpeno# mpu6aBKy ¢; U1 KOMIIEHCAI[MH KOPPO3HHU H (W) 3pO3HH HEOOX0aUMO
COOTBETCTBEHHO YBEJIHYHBATD.

TexHomornyeckas mnpH6GaBka ¢; NpPERyCMaTPHBAET KOMIIEHCALMIO
YTOHEHHS CTEHKH 3JIEMEHTa COCy/Ja HIH anmnapaTa NpH TEXHOJNOTHYECKHX
onmepauMax - BBEITSDKKe, IITaMmoBke, rubke Tpy6 u T. A. Ilpm pacuere
JUIMNTHYECKAX IHMIL, H3rOTOBIEMBIX INTAMIIOBKOH, TEXHOJIOIHYECKYIO
npubaBKy ¢3 [ KOMIIEHCALMH YTOHEHHS B 30HE OTOOPTOBKH HE YYMTHIBAIOT,
€CJIH ee 3HaYeHHe He npepbimaet 15% pacdeTHOH TOMIMHLI JIMCTA.
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IpubaBky c; ¥ c3 YUHTHIBAIOT B T€X CIy4YaiX, KOIJa HX CyMMapHOE
3HaYeHHe TpeBbIaeT 5% HOMHHAIBHOH TONMIMHE] JIHCTA
Ecnun u3BecTHa ¢akTHyecKas TOINIIHHA CTEHKH, TO NMPH MOBEPOUHOM

pacuere c2 ¥ ¢3 MOXKHO He YUHTBIBATD.

2.4. Koagppuyuenmeor npounocmu ceaprsix uisos

IIpu pacyere Ha HPOYHOCTh CBapHEIX 3JIEMEHTOB COCYIOB H
annapaToB B pacuyeTHble GOPMYIIHI ClIeAyeT BBOAHTH KOIQPHIHEHT MPOYHOCTH

CBapHBIX COEIUHEHHH @ .

Uuncnosrsle 3HaYeHUA ITUX KOIGQQUIHUEHTOB AOJDKHBI COOTBETCTBOBATH
3HaYEHHSM, NPUBEJEHHBIM B Tabmuue 2.2.

Tabnuua 2.2

Bun capHoro wBsa

3HaveHHe K03 PUIHEHTOB MPOYHOCTH
CBapHBIX 1IBOB

JlnuHa
KOHTPOIIHPYEMBIX
IBOB OT of1eit
JUTMHEI COCTaBJIsi€T
100%*

Jnuna

KOHTPONHPYEMBIX
IIBOB OT O0IIEeH

JUIHHBI COCTABIISIET
ot 10 go 50%*

CThIKOBOH HJIM TaBPOBBIH C
JBYCTOPOHHHMM CIUIOILHBIM [TPOBAapoOM,
BBINOJIHAEMBIH aBTOMaTHYECKOH U
MOTYaBTOMAaTHYECKOH CBapKOi

CTbIKOBO#H € ITOBApKOH KOPHA IIBA
WIM TaBPOBBIii C ABYCTOPOHHHM
CIUIONIHBIM [TPOBAPOM, BHITTOJTHAEMBIH

BPY4HYIO

CTBIKOBO#, IOCTYIIHBIH CBapKe TONbKO
C OAHON CTOPOHBI H HMEIOIHH B
MPOLIECCE CBAPKH METAJUIHYECKYIO
MOJKJIAAKY CO CTOPOHBI KOPHA IIIBa,
NPWIEraoIyIo 10 BCeH JUTHHE 1IBA K
OCHOBHOMY METAILTY

Brasp, ¢ KOHCTPYKTHUBHEIM 3a30pOM
CBAapUBAEMBIX ACTAICH

CTBIKOBOM, BBITONHAEMBIIA
aBTOMATHYECKOM H

1,0

1,0

0,9

0,8

0,9

0,9

0,9

0,8

0,65

0,8
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Bun cBapHOTro 1msa

3HaveHHe K03 HHLHEHTOB MPOYHOCTH
CBapHBIX LIIBOB

Jnuna

KOHTPOJHPYEMBIX
LIBOB OT O0MIeH

JUIMHBI COCTABJIAET

JnuHa
KOHTPOJHPYEMEIX
MIBOB OT 00miei
JUIMHBI COCTaBJAET

OJIHOM CTOPOHBI

100%* ot 10 no 50%*
NOJTyaBTOMAaTH4€CKO#H CBapKo#H ¢
OJTHO¥ CTOPOHH ¢ (hIIIOCOBOMH HIIHM
KepaMH4eCKOH NOIIIIaAKOH
CTBIKOBO#, BHINOJIHAEMBIH B 10 C
> Py HY 0,9 0,65

‘O6LEM KOHTpONA ONpEeNseTcs TEXHHYECKHMH TPEGOBAHHAMM Ha H3TOTOBJICHHE,
TeXHHYECKHMH PErlaMeHTaMH H npaiiiamu Gesonacrocti Poctexnanzopa PO.

J1ns GeCLIOBHEIX 57IEMEHTOB COCYOB M annaparos @ = 1.

© Accounaums «PocTexskcneprusan
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3. Ilnannapuyeckne odedyaku

Pacuer nmiMHApUYecKHX 00€4acK Ha MPOYHOCTH M YCTOWYHMBOCTD
MNPOBOAMTCS HAa OCHOBAHUH [2] ¢ ZONMONHEHHAMH TO PAcHETy XapPaKTEPHUCTHK
KoJien xecTkocTd. JlobaBneH pacyeTr Ha NPOYHOCTh OT H3rKbaloILero MOMEHTa
¢ ydeToM K03((¢HIHEHTa NPOYHOCTH KONBLEBOro CBAPHOTO INBA, a TAKXKE OT
COBMECTHOIO IlCﬁCTBPDI BHYTPCHHETO JaBJICHHA, PACTArHBAIOLICIO YCHIIHA H
H3rH6aloILEero MOMEHTa.

3.1. Pacuemnbwie cxemol

PacueTHble CXeMBI LWIHHAPHYECKUX 0Oeyaek MPUBEICHb! Ha puc. 3.1-
3.4.

s

a 6
Puc. 3.1. I'nagxue nmumMHapHYeckue 0Oedaiku
(a - obeyalika ¢ (hraHUEM WIH C IIOCKHM AHHUIIEM, 6 - obeyaiika ¢ KeCTKUMHU

IeperopoIKaMK)
H H
I

a 6
Puc. 3.2. T'magkue obeyalky C BRIMYKIBIMH HIH KOHHYECKHMH

JHUIIAMH
(a — obeuaiika ¢ OT6OPTOBAHHBIMK JHHINAMH, 6 — 06edaiika ¢ HeOTOOPTOBAHHBIMH
JHUINAMH)

© Accoumauns «PocTex3KCIepTH3a»
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Puc.3.3. T'nagkue obGeuaiiku ¢ pyOalikoit

N <

Puc. 3.4. IlmmHapuyeckne obeyailku, NOAKPEIUICHHBIC KOJIBLAMH
HKECTKOCTH

Yenosus npumenenus:
s—c
D

<0,] - s o6eyaek u Tpy6 mpu D > 200 Mm;

s§—cC

<0,3 - ms 1py6 mpu D <200 MM (3.1)
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Pacuetnnie gopmyisl, npuBeneHssie B mn. 3.2.2; 3.2.4-3.2.7 u 3.3.3
clielyeT TNPHMEHATh MPH YCIOBHHM, 4YTO pacyeTHble TEMIMEpaTypbl He
NpEBBILAIOT 3HAYEHHUMH, TIPH KOTOPHIX YYHTHIBAETCA MO/I3YYECTh MATEPHAJIOB.
[Ipd OTCYTCTBHM TOYHBIX JAHHBIX (GOPMYJIBI JOMYCKAETCA NPUMEHATH INPH
YCIOBHH, 4TO PacyeTHas TEMIepaTypa CTeHKH O0ed4ailku M3 YIIIepoaucTOM
CTaJ;H e npesbimaer 380°C, u3 Hu3konernposansoi 420°C, H3 aycTEeHHTHOM
525°C.

3.2. I'nadxue obeuaiiku (be3 Koaey dcecmxocmu)

3.2.1. Obeuaiiku, nazpyscennsie GHymMpeHHUM U3OLIMOUHBIM
oagenuem

Pacqe'rﬂasl TOJIIIHHA CTCHKH oﬁeqaﬁm:
pD

— (32)
Aole, —p

Sp

YcnoBue BHINOIHEHHA TIPOYHOCTH CTEHKH 0feyaiku:
s2s ,tc 3.3)

JonyckaeMoe H30BITOUHOE BHYTPCHHEE NaBNEHHUE:

2oy, (s—c)
Lp1= D+(s-c¢) G

3.2.2. Obeuaixu, nazpyacennsie HAPy’CHbIM OABIEHUEM

JlomyckaeMoe JaBiIeHHE U3 YCIOBHA MPOYHOCTH:

_2[ol(s—c)
(Pla “DiG_0) (3.5)

JonyckaeMoe JaBICHUHE U3 YCIOBHA YCTOWYHMBOCTH B TpeAenax
YTIPYroCTH:

(3.6)

20,8-10°E D[100(s —¢)
[pl: = _[ ( )jl s

n B, / D
rae B, = min< 1,0; 9,452 L
! V100(s —¢)

JlonyckacMoe HapyXHOE JABICHHE:
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[p]=

[P)x G7)
[pls

(i)
§4 P

Ilpn onpemeneHnmy pacyeTHOH muMHBI oOevaiiku [/ mwMHY
NPUMBIKAOILEro 3MeMEHTa /; B 3aBHCHMOCTH oT ero Bupa (puc.3.2) cneayer
OMnpeaessTs no GpopMynam:

I, = ? - IIIA BBITYKIIBIX JTHHIIL;

D
13 = ——— - 111 KOHHYeCKHX obevaek (auumr) 6e3 otbOPTOBKH, HO
6rga

He 60Jiee ITHHBI KOHHYECKOTO JJIEMEHTA;

l, = max{r-sina;——; - w1 KOHMYecKux obegaek (AHMII) ¢

b1z

OTOOPTOBKOIA, HO He GoJiee JIMHBI KOHAYECKOTO 3JIEMEHTA;

PacuerHas TommmMHA CTeHKM OOcHaiikH S oIpeaeseTcsa

P TP

uTepauuonHo no Qopmyinam (3.5-3.7) npu 3aganHol pacderHod miHe [ M
YCIIOBHH, YTO [p] =p.
YcoBHe BBINOIHEHHS IPOYHOCTH CTEHKM 00euaiKu:
§25 ,tc (3.8)
MakcumManpHO  JOMyCTHMas pacyeTHas UIHHa obedaiiku / »
ONpEAEIBIETCS HTEPALMOHHO no ¢opMmynaM (3.5-3.7) npH 3aaaHHON TOJILHHE
CTEHKH C Y4E€TOM CyMMAapHOH npubaBku (s — C) ¥ yCNOBHH, YTO [p] =p.
3.2.3. Obeuaiiku, nazpysrcennsie 0Ce6LIM PACMAZUBAIOULUM
ycunuem

PacueTHas TONMIMHA CTEHKH 00CYaMKH:

s = —F—— (3.9)
" z-Dlole,
YcnoBHE BHINOIHEHHA NPOYHOCTH CTCHKH 00edaiKH:
§2s ,tc (3.10)
Jlomyckaemoe 0CeBOe pacTATHBAIOMIEE YCHITHE:
[Fl=n(D+s-c)s—c)lole, (3.11D)
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3.2.4. Obeuaiixu, Hazpyscennsie 0CesvlM CHCUMAIOULUM YCUTUEM
JlonmyckaeMoe 0CeBO€E CHKMMAIOILEE YCHITHE H3 YCIOBHA IPOYHOCTH
[Fl; =xa(D+s—-c)(s—c)[o] (3.12)

JomnyckaeMoe 0CeBOE CKHMAIOLIEE YCWIHE H3 YCIIOBUA YCTOHYHBOCTH
B Ipenenax Ynpyrocri:

[(Flg = min{{F]g ;[Flg}, (3.13)
-6 25
rae [F], = 310-107E /o1 100Gs =€) | _ ponycxaemoe ocesoe
1 y D
CKHMAIOLIEE YCUITHE M3 YCIIOBHS MECTHOM YCTOWYMBOCTH B Npejiesiax
YNpYrocTH;
2
T-(D+s—-c)s—-c)E(x
[F] E, = ( X ) - - JlomycKaeMoe
2 ny l
0OCEBOE CXKHMAIOILllee YCHIME M3 YCIOBHA OOIIEeH YCTOHYHMBOCTH B
npejenax yrnpyrocTy.

I'u6xocts A onpeaensercs no gopmyire:
2830,

=" 3.14
D+s-c G149

A€ NpUBEACHHAA JJIHAHA l B 3aBUCHMOCTH OT YCJIOBHH H. CHHSA
np

M 3aKpelUyieHHs mnpuHuMaerca mo Tabmuue 3.1. B caydae, ecnm

<10, [F); =[F,,.

I[OIIYCKaCMOC 0OCCBOEC CXKUMAIOLIEE YCHITHE!

F
[F]= g (3.15)
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Tabnuua 3.1
Pacuernas cxema i lnp
/

- !

- 21
- 0,71
- 0,5/
0 2,00/
0,2 1,73/
0,4 1,471
0,6 1,231
0,8 1,06/
1,0 1,00/
0 2,00/
0,2 1,70/
04 1,40/
0,6 1,117
0,8 0,85/
1,0 0,70
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3.2.5. Obeuaiiku, nazpyncennsie uzzubarouium Momenmom

JlomyckaeMmbid H3rubaromyit MOMEHT U3 YCIOBHS IIPOYHOCTH:
D
[M], =~ IF] (3.16)

rae [F] ompenensercs no (3.11).

JonyckaeMblii H3rubaromnii MOMEHT IWIIHHAPHIECKOH oOeuaiiku:

3.17)

wae bty =—-[Fy e = %7

[Flg n [Flz 6epyTcs paBHBIMH JONYCKAEMbIM CRHMAIOLIMM
yerwtnaM o (3.12) u (3.13) cooTBETCTBEHHO.
3.2.6. Obeuaixu, Hazpyicennsie RONEPEYHLIM YCUTUECM

Jlonyckaemoe [onepevyHoe YCHIHE U3 YCIOBHA MPOYHOCTH:
[01, = 0,257 D(s —c)[o] (.18)

JlonyckaeMoe TONepeyHOe YCHIME M3 YCIOBMA YCTOHYMBOCTH B
npenenax ynpyrocTH:

2
0], = M[O’lg.;.g,gl_)%;—c)] (3.19)
n

¥y

JTlomyckaemoe MonepevHoe YCHIHE:

Q]

[Q]= (3.20)
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3.2.7. Obeuaixu, pabomarouue noo cogMecmHbIM delicmeuem
HapyyHCHOZ20 0AGAEHUA, OCEBO20 CHCUMAIOULEZ0 YCUTUA,
U32UDAIOULEZ0 MOMEHMA U NONEPEUHO20 YCUIUA

O6euaiiku IPOBEPAIOT HA YCTOHYHMBOCTD 110 popMyJIe:
2

p L F M QO

(p1 [F1 [M] \[Q]

rae {p] - momyckaemoe wapyxuoe nasnenme mo (3.7); [F] -

<10, (3:21)

JomyckaeMoe oceoe Cxumatomee ycunue no (3.15); [M] - nomyckaemsiii

usrubarommii Moment no (3.17); [(] - nomyckaemoe nonepednoe ycunaune no

(3.20).
IIpu BHYyTpEHHEM NABICHUM CERyeT NPUHAT p = 0.

3.2.8. Obeunaiixu, pabomaiougue noo coemecmnsim delicmeuem
GHYMPpEHHEZO Oa61EHUA, 0CEE020 PACMAZUEAIOU[E20 YCUNUR
u uzzubarouiezo momenma

KpoMme mnpoBepkH ycioBMH INPOYHOCTH OT OTAENBHBIX Harpys3ok,

HCOﬁXOﬂHMO IPOBEPHTH BHIMTOJIHCHHUE YCIIOBHA:
2

F+p M

+
[F] [M],,
rme [F] wu [M], onpezenmorea mo (3.11) n (3.16)

COOTBETCTBEHHO.

<L0, (3-22)

3.3. Obeuaiiku, nooKkpenieHHble KOMbUAMU HCECMKOCMU

PacuerHas cxemMa WWIMHIApHYecKMX oOedaeK, IOJKPEILIEHHBIX
KOJIbLIAMH JKECTKOCTH, NpUBECHA Ha pHc.3.4.

Honoarnumenvroe ycnogue npumeneHus:
h

BZS 0,2, rze h, - Beicota cedeHms Koublia JKECTKOCTH,

U3MepsieMas OT CPeTHHHOH MOBEPXHOCTH obedaiku

Kompua pans  ykperuieHus oOedaiiki  HCHONB3YIOTCS — €JHHOTO
THIOpa3Mepa.

PacuyerHele ¢popMyJiBI MPHMEHAIOTCA NPH YCJIOBHH pPaBHOMEPHOIO
PacHoJIOXKEHHA KOJELl XECTKOCTH. B Tex ciyuasx, Koraa KojbLa XECTKOCTH

YCTaHOB/IEHBI HEPaBHOMEPHO, 3Haverus b, /| u [, cneayer moactaBnats ans

TEX YYaCTKOB, Ha KOTOPBIX PAaCCTOAHHE MEXAY ABYMA COCEAHHMH KOJIbLIAMH
KECTKOCTH MAaKCHMAJILHOEC.
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3.3.1.

Pacuemnsie senrununn Koaey scecmKocmu

Paccrosinne MEXAy UEHTPOM TSDKECTH MOMEPEYHOrO CEUYeHHUs KOJNbLa
KECTKOCTH M CPENHHHOM MOBEPXHOCTH 00eyaiik¥ €, IIomanb MONEPEeYHOro

ceueHuss A, U MOMEHT HHEPLIMM OTHOCHTENBHO OCH, IPOXOMAMIEN Yepe3 LEHTp

TsOkecTH [, B 3aBHCHMOCTH OT CEYEHMs KONbL@, ONPEAESAIOTCA [0 TaGiHue

3.2. Pasmepbl KoJIeLl )KE€CTKOCTH PHHUMAIOTCA C Y4ETOM CYMMapHO# NpHOaBKH

C, -
Tabnuna 3.2
Ceuenmue kolbua e A, I,
h+s—c s
> t th
12
§ et )
th® +b,s,(2h + s) ;tek+(h—e,t)3 +
2th + b,s,) . i o)
s—c th+b,s +Eb':5 55 +12 h—ek+7
2 -
I"JIC e‘_ =g — S ¢
2
2 ls‘((h+s5—e,‘)3+(ek ‘ss)])"'
tsg +s.h(h+2sg) 3
+ 2
2t +3,h) +Ltsﬁ s? +12(ek —&)
s—c Isg +5,h 12 2
+—
2
s—cC
rac € = e —
2
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Ceuenne xonsua

e A,

sh(h+25) + 15}

2(1(s5 +5,)+5,h)
2 1 S¢ : +
#(ss +5)+ +l Bl s * e‘—?
@At 25+ 55) | vsh | e
2t(s; +55)+54h) Ets,[s,’ +12(h+s, -e +?5) ]
S—cC
s—c
2 e e, =e—
2 3
2 +155Qh+sg) | ol +lh-a))s
2(2s,h+1s 2
( 4 5) 2s4h+ts5 +L’ss S;+12(h—e,+s—sj
s-¢ 12 2
2 e —e s§—c
j91{4 X = —_
2

3.3.2.

Obeuaiiku, Hazpysxcennsle GHyMpeHHUM U36bIMOYHbLIM
oas1eHuem

Ipu Bemonnennu n.3.2.1 pacuera riaaakux obeuaex OT BHYTPEHHEro
JABJICHHA YKpPEIUIEHHs 00edaiku KOIbLaMHUKECTKOCTH He Tpedyercs.
[pu vesbinontenus n.3.2.1 onpeaenserca ko3pduument Ky

_ p(D+s-c) -1
Y 2p,[0)(s—c)

B gmanasome 0< K, < 2¢—T —1 ycnosue npounoctu Oyzmer

Pp

(3.23)

BBIMOJIHEHO B CiIy4Ya€, €CJIA MAKCHMAJIbHOC PAaCCTOAHHE MEXAY CMEXHBIMH

KOJIbLIaAMH:
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b< |D(s—c) i—“’—"(ui] , (3.24)
K, or K,

a IUI0mMAIb NONEPEYHOTo CEYEHMA KOMblIa:
[c]-@s

A2 (s—c)— 2 K, (3.25)
a]x ‘P

rae lp =max{/;/,} - pacuernas wmma mexny xomuamm
KECTKOCTH.

B cayuae ecnn K, 2 2%r , TOMNIMHY CTEHKH HEOOGXOMMMO
Pp
YBEHYHTB [0 TAKOro pasmMepa, 4T06bl BLITOIHAIOCH YCIOBHE:
Pr
0<K, <271 (3.26)
@p

HomyckaeMoe BHYTpeHHee H30OLITOYHOE J[ABJICHHE M3 YCJIOBHA
MPOYHOCTH BCEeH 0Oeyaiku:

Aolp, (s —c)+ 2f—*[alm

= A 3.27
[P]l D+(s—c) (3.27)

HonyckaeMoe BHYTpeHHee H30OBITOYHOE MABJICHHE M3 YCIOBHA
MPOYHOCTH 00e4aiKH MeXy JBYMA COCEIHHMH KO/IbLIAMH KECTKOCTH:!

_2Aolpr(s—c) 2+45

s 3.28
[p]Z D+(S—C) ¢T/1f7 ( )
149040
Pp
b2
y RIS —
et Dis—e)

JomyckaeMoe BHyTpEHHee H30RITOMHOE TaBICHHE:

[p]= min{[P]l;[Plz} (3.29)

3.3.3. Obeuaiixu, nazpycennsie HApyHCHBIM 0QBAEHUEM

PacuerHble napaMeTps! MOAKPEIUIEHHOH 00eyaiky.
D¢eKTHBHA N/1MHA CTEHKH 0beyaiku /o
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l, = min{/R; t+1,1D(s - c)} (3.30)

OddexTuBHBIE MOMEHT HHEPLMH TMIONMEPEYHOr0 CEYEHHs KOIbLA
JKECTKOCTH:

+lk(s"c)3 +e? Al (s—c)

=1
109 A +1,(s=¢)

(3.31)

Koadpuunent xectkoctH obeuaiiku, NOIKPEIUIEHHOM KONBLAMH

KCCTKOCTH:
k= % (3.32)
li(s—¢)

Jlomyckaemoe AaBlieHHE H3 YCIIOBHS MPOYHOCTH Beeit obeyaHkH:

ol(s—c)+2 11—4"—[0'],(

— R
(Pha Dre e (¢33

JormyckaeMoe AaBjieHHE M3 YCIOBHA YCTOHYHBOCTH Beell oOeyaiku B
npeaesax ynpyrocTH:
20,8-10°E D[100k(s —c) >
kByn, L D |

rae B, = min{1,0; 9,452 L .
L \100k(s —¢)

JonyckaeMoe JaBieHH€e U3 YCJIOBHA YCTOHYHBOCTH Beeil 0Oeyaiku:

(Ple = (3.34)

L (3.35)

2
B

[P)ie
Jlonyckaemoe JaBleHHE M3 YCJIOBHA HPOYHOCTH MEXKIY KOJbIAMH
ECTKOCTH:

[Pl =

Aol(s-c) 2+ A%
= , 3.36
[p]2ﬂ D+(S—C)1+/1§7 ( )

Pp
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JomnyckaeMoe AaBl€HHE U3 YCIOBHS YCTOHYHBOCTH MEXTY KOJbLAMH
JECTKOCTH B IIPEJieIax YIPYTOCTH:

20,8-10°E D[100(s —c) "’
[p]ZE = >
nB I D

y

3.37)

rae [ = max{b; I —%};

B, = mini1,0;9452 |2
1 V100(s - c)

JlonmyckaeMoe JaBJICHHE H3 YCIOBHH YCTOHYHBOCTH OGeyaiiKH MEXITy
KOJIbLIAMH JKECTKOCTH:

[Plon

1+ )

JlommyckaeMoe HapyXHO€ JaBJICHHE OPENEIIEeTCS U3 YCIOBHA:

[p}=min{[p];[p],} (3.39)

3.3.4. Obeuaiixu, nazpysicennsie 0CE6HIM PACMAZUCAIOUWUM UNU
CHCUMAIOULUM YCUNUEM, UZUORIOULUM MOMEHMOM UAU
NONEPEUHBIM YCURUEM KAK PA30EIbHO, MAK U COBMECIHO

pl, = (3.38)

(Plin
[Ple

JlonyckaeMble HArpy3kH M TpPOBEPKY Ha YCTOHYMBOCTH TMpH
COBMECTHOM BO3JCHCTBHM BCEX HArpy30K ONPENeNAOT Kak A9 TNagKHX

obeqaex MpH YCIOBHH [ = max{b; I, - L} .
2

Ilpu onpeneneHyH pacdeTHON JUTHHBI l"p no Tabimnue 3.1 Bmecro /

ClieyeT NPHHHUMATh O6LIyIO UTHHY L.
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4. Bhinykasble AHHIIA

Pacuer BHITYKIIBIX AHHII Ha NPOYHOCTh H YCTOHYMBOCTH NPOBOAUTCH
Ha OCHOBaHHH [2].

4.1. Pacuemnoie cxemoi

PacueTHble cXeMBI BBIITYKJIbIX JTHHUIL IIPHBECACHEI HA PUC. 4.1.
S

SL

[
_®p | I”_E%
a 6
sI
'R B ]
D

B
Puc. 4.1. Bomywisle quamma.
a - JJUTINTHYECKOE AHHLIe; § - momychepryeckoe AHMILE; B - TOpochepuueckoe AHHIIE

Ycnosus NPUMEHEHUA.

5, —c¢

0,002 <

<0,100 5 o,zs%so,s; R<D; (r-5)201D (4.1)

dopmynsl, npuBegeHHbie B mn. 4.2.2; 432 u 4.4.2 cnemyer
NpUMEHATh NPH YCIOBHHM, YTO PpAacYeTHbIE TEMIEPATYpHl HE NPEBBILIAIOT
3HA4YEHWH, TPH KOTOPBIX YYMTHIBAETCA MON3yd4ecTh MarepuanoB. Ilpu
OTCYTCTBHH TOYHBIX AaHHBIX (POPMYIIBI IOMyCKAETCSA MPUMEHATh TIPH YCIIOBHH,
9TO pacyeTHasd TeMIepaTypa CTEHKH O0OeYaiku M3 YITIEPONMCTON CTAId He
[PEeBbILLIAET 380°C, us3 HH3KOJETHPOBaHHOH 420°C, u3 ayCTEHHTHOM 525°C.

4.2. Innunmuueckoe onuwe

4.2.1. InrunmuuecKoe ORUIYE, HAZPYICEHHOE BHYMPEHHUM
U3bLIMOUHBIM Oas1eHUEM

Pam[yc KPHBM3HBI B BEPIIMHE JHHILIA PABCH:
Dl

R="— 42
4H @2
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PacuerHas TOMUMHA CTEHKH JHHIA:

PR

5, =—2 (4.3)
¥ 2olp -05p
VYcnoBHeE BRINOIHEHHS NPOYHOCTH CTCHKH AHHMIIA:
s 28,+c 4.4)

Jomnyckaemoe BHyTpeHHee H3GRITOYHOE AaBlIEHHE:
] 201 (5 =0)

pi= R +0,5(s, —¢)
4.5)

Ecnin anMHAa LWIMHAPHYECKOH 4YacTH oOTOOPTOBAHHOrO JHMIIA

h, > 0,8,/ D(s, —c), To pacdeTHast TONILHMHA CTEHKH JHHLA AOIDKHA GbITh

HE MEHee:
D
Sy, = - (4.6)
2o]-p
4.2.2. Inaunmuueckoe OHUULE, HAZPYHCEHHOE HAPYIHCHBIM
oaeneruem
JomyckaeMoe faBiieHHE H3 YCIIOBHSA MPOYHOCTH:
__2Aol(s, —¢)
(Plp=——F(—— “4.7)
R +0,5(s, —¢)

IIO CKaeMO€ [aBJICHHE M3 YCJIOBHA YCTOMYMBOCTH B Ipezenax
y
YOpYTOCTH:

2
26-10°E[100(s, —¢)
[Pl = [ L } , (4.8)

£ 3 K,R
rae 3=M'L pu Zzlou(i_gﬁ).

1+(3,0+107) 7 D \2H D
JlonyckaeMoe HapyKHOE JaBJIeHHE:
[p]=—— Pz 49)

[Pln
[ple

:

1+ (
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PacyetHas TommMHA CTEHKH IHMIDA € Y4YeTOM TpHGaBOK
onpeAenseTcs HTEPaUMOHHO no dopmyinam (4.7-4.9) mpH yCIOBHHM, YTO
[pl=p.

Vcnosue BBITIONHEHKS NMPOYHOCTH CTEHKH NJHHIIA:

5,25, +¢ (4.10)

4.3. Ilonycghepuueckoe onuwge

PacueTHas cxeMa mnoycepHYECKOro AHMINA IPHBEACHA HA PHC.
4.1,6.

4.3.1. Honycpepuueckoe onuwe, Hazpyscennoe SHympennum
u36BIMOYHBIM OaéneHuem

Pannyc kpHBH3HBI B BEpLUIHHE JHHILA PaBEH:
R=H=05D “.11)
PacuyerHas To/LKHA CTEHKH JHMINA:

PR

i = oty 055 4.12)
YCIOBHE BHITIONHEHHS IPOYHOCTH CTEHKH JIHHIIA:
5 28,,+c 4.13)
IlomyckaemMoe BHYTpEHHEE H3OBITOYHOE IABICHHE:
12200 6,0 e
R+0,5(s, —c)

Ecnu pivHa [MIHHADHYECKOH YacTH OTOOPTOBAaHHOTO —[JHHMINA

h, > 0,3,/ D(s, —c), To pacueTHas ToNMKMHA CTEHKH JHHIIA AOMKHA OBITH

HE MEHee:
D
8y, = _PZ (4.15)
2o]-p
4.3.2. IHoaycgepuueckoe onuwie, HazpyyHceHHOE HAPYHCHBIM
oag1eHuem
Jlonyckaemoe JaBlIe€HHE H3 YCIIOBHS IIPOYHOCTH:
__2o](s; —¢)
Pl =—"7"""""— (4.16)
R+0,5(s, —¢)
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JomyckaeMoe [aBneHHe M3 YCIOBHA YCTOMUMBOCTH a mpenenax

YIpPYTOCTH:

0,26E[ s, —c’

[pl: = p 7 4.17)
y

JormyckaemMoe Hapy»HO€E JaBlEHHE:

[pl;

1+(@]
[Pl:

PacueTHas TOMIIMHA CTEHKH JHHLIIA C Y4eTOM 1pHGaBOK
onpenensercs HrepanuoHHo no ¢opmynam (4.16-4.18) mpu ycnoBuu, 4€To

[pl=p.

VY CII0BHE BBITONHEHHS IIPOYHOCTH CTCHKH JHHIIA!

[p]l= 4.18)

S 28, +cC 4.19)

4.4. Topocghepuuecxoe onuwe

PacuyeTHas cxema Topocdepuyeckoro THHIA IPUBEICHA Ha PHC. 4.1,8B.
B 3aBMCMMOCTH OT COOTHOLIEHHS mapaMeTpoB R, D;, r; TIPHHATHI
CJIEyOLINE THITBI JHHILL:

-tinA R=D,, r;> 0,095Dy;
-tinB R =~0,95D,,r, 2 0,170D;;
-unC R=085D,, r;2 0,150D,.

44.1. Topocgepuueckoe onuwe, nazpyynceHnoe 6HymperHuUM
u3661MouHbIM OasIeHUeM

PacyerHas TonmMHa CTEHKH JHHUINA B KPACBOH 30HE:

5 = PDlﬂl
Y 2ole

rae kodpdHLIHEHT §; onpeaensercs B 3aBHCHMOCTH OT THIA JHHLIA K

(4.20)

OTHOLIEHUA A 1o puc.4.2.
(o
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Bi N
24
20 NE
nY

-

16 PRI o
"‘\:\_B e
v E:\\‘ =
52 -...‘:::\“‘
p

'a.am_, 2 Y 4 5678907 2 3 4 5—

[oj
Puc. 4.2. T'padux ms onpenenenus kospduunenta f;

Jlns cBapHBIX [HHIN JONONHHTENHHO OTpPEAENdeTCs pacyeTHasd
TOJILMHA CTCHKH B LICHTPAIbHOH 30HE:

PR

§, =— 4.21)
" 2olp -05p
YcnoBue BHIOJHEHHS IIPOYHOCTH CTCHKH JHHILA:
5 28, +c 4.22)

JomyckaeMoe BHYTpeHHee M30LITOYHOE JaBIE€HHE H3 YCIOBHA
ITPOYHOCTH KPAaeBOH 30HbI:
2oy (s, —¢)
plyi=—"—"775——, (4.23)
D,g,

rie ko3 puuneHT f, onpenenserca B 3aBUCHMOCTH OT THNA JHHINA H

D,
OTHOIIEHHA :
s, —c
THIO A: . D,
* B, = max41,25; 0,25| 3 +1,00
5, —c¢
. D,

0 B: B, = max{1,0; 0,12 3 +3,75 (4.24)

s —c

© Accounarus «PocTexakcnepTuian
44 © Haygso-Texuuyeckoe npeanpustue Tpy6onposon (OO0 «HTII TpyGonposony)



CA 03-004-07 (CTII 10-04-02)

a1 C: 8, = max40.,9; 0,12[3 b, +3,20]
4

Jlns cBapHBIX AHHIN ZOMYCKaeMOE BHYTPEHHEE H3OBITOUHOE NaBICHHE
B LICHTPAILHOH 30He:

_Aolp (s;-o) (4.25)

(Pl = R+0,5(s, —¢)

JlonyckaeMoe BHyTpeHHee H30RITOYHOE JaBlIEeHHE:
[p]=min{[p];[p],} (4.26)
JinA OHHUI, H3rOTOBJICHHBIX M3 LENOH 3arOTOBKH, KOI(QQHIMEHT
@ =1. Jina nuum, H3roTOBNEHHEIX U3 HECKOJLKHX YacTel, KOSPOHIMEHT
onpexemsiercs no Tabmuie 4.1.

Tabnuua 4.1
Dckus muMIA @ s popmyn 4.20 | @ ans popmyn 4.21
n4.23 u4.25
Jlis mBa A
P4 | 1
Jna mBa B
! (1
d
Ipu — < 0,6
D
! i Ps
Ipu d >0,6
D
2 | 1

B ciydae cBapKH OHHII H3 JIHCTOB Pa3jIMYHOH TONIHHLI B (POpMYIIBI
(4.23), (4.25) cnenyer MOACTAaBIATh COOTBETCTBYIOIIME 3HAYEHHA TOJILHMH
CTEHOK JUIS KpaeBOi M LIEHTPAIbHOH 30H.

Ecnu iMHa UWIHHAPHYECKOH YacTH OTOOPTOBAaHHOrO JHHIIA

h, >08D,(s,—C), To [NONOIHHTEILHO ONpEAENACTCA pacyeTHas
TONIIHHA ATHHIPHIECKOH YaCTH AHUIA:
pD

=—— 4.27
= 3o)-p @27
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4.4.2. Topocgepuueckoe Onulge, HaZPyricenHoe RAPYIHCHHIM
oaenenuem

JoryckaeMoe NaBIeHHE K3 YCIOBUS NPOYHOCTH:
2[ol(s, —¢)

(4.28)
R+0,5(s, —¢)

(pln =

Jomyckaemoe JaBicHHE W3 YCIOBHS YCTOHYMBOCTH B INpelenax
yNpYTOCTH:

26-107 - E[100(s, —¢) "
(pl; = [ (5, )] 4.29)
i} R
JlomyckaeMoe Hapy»XHOe JaaBlICHHE:
[p]= ——Plu (4.30)

2
1+([p]”)
[ple
Jlommyckaemoe HapyKHOE NaBJICHHE H3 YCIOBHA IPOYHOCTH KPaeBOMH
30HBI!

[p] = olp (s,—¢)
1 D,p,

PacuerHas TOMIMHA CTEHKM JOHHIIA C YY4eTOM HpHOaBOK
onpeleNseTcs uTepauMoHHO no dopmynaMm (4.28-4.31) npu yclIOBHHM, 4YTO

[P]=[p]1 =P

Ycnoue BBINOJHEHHA NPOYHOCTH CTCHKH JHHIA:

4.31)

528, +c 4.32)
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S. ILnockHe THHIA H KPbIIIKH

Pacyer IIOCKMX JHMII Ha IPOYHOCTh H YCTOHUHBOCTH NPOBOAHTCA Ha
OCHOBaHHH [2] ¢ JOMOJHEHHEM pacyera IUIOCKOro OTOOPTOBaHHOTO MHHIIA
(tun 11, 1a6n.5.1) mo [13] v muMm ¢ panuanbHEIMH pebpaMH KECTKOCTH MO

[12). B ommume or [12] npu onpenenemmn [p,] (dopmyna (5.32))
Y4HTBIBaeTcsA NpHGaBka Ha KOPPO3HIO.

5.1. ITnockue onuwia, Hazpyscerntsvle GHYMPEHHUM URU
HAPYHCHBIM 0ABIEHUEM

PacyeTHble cXeMBl IIOCKHX JHHIN NPHBEICHH B Tab. 5.1

Tabiuua 5.1
Vcnosus
Tun Yeprex NpHUMEHEHUsA K
JUHHII H KPbIIIEK
ax1,7s
1 0,53
D,=D
a>0_85s
2 0,50
D,=D
2% 20,25 0,45
s, —c
3 -
77€ >0,25 0,41
s, —c¢
D,=D
s—c
<05 0,41
s —c
4 s—c
20,5 0,38
s, —cC ’
D,=D
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Tun

Yeprex

YcnoBus
NpPHMEHEHHSA

JIHHII ¥ KPbIIIEK

7€ <025
s, —c

7€ 50,25

5 —c

D,=D

0,45

0,41

a>0,85s
D,=D

0,50

s§—C

<0,5

§—C

0,41

0,38

D,=D

0,41

0,38

5z

hy

max {s; 0,255}

<r<min{s;;
0,1D}

hi>r

D,=D-2r

m{

0,41 x [1 —02332=¢

5 -c

|

48

© Accounauus «PocTexkcneprasa»
© Hayuno-rexumaeckoe npeanpustue Tpy6onposon (OO0 «HTII TpyGonposoa»)




CA 03-004-07 (CTII 10-04-02)
Tun

VYenorus
Yeprex NpUMEHEHHA
JIHHIIL H KPEILEK

§—c¢

<0,5 0,41
s, —c
10

0,38
4
D,=D
0,25'51 <rs< s -
52, 30° < < 90°

D,=D-r
11

r=> max {30Mm;

0,35
25}

12

0,40

0,41
D,

Ycnosue npumenenus:

$i7C <ot

4

5.1)

s —c
Ipu

>0,11 3HaYEHHE JNOMyCKaeMOro  JABJICHHA,
P

paccudTanHoro no ¢opmyse (5.8) wiu (5.18), yMHOXKaeTCA Ha MONPABOYHBIA
ko3¢ punHeHT:

© Accoupmaims «PocTexakcnepTusan
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K, = 2.2 5.2)

3nauenne pacuerHoil TommHHH (dopmynsr (5.3) wm  (5.11)
1
YMHOXaeTci Ha [— .
P
PacueTHas TonmuHAa CTEHKH IHHUIIA:
sip = KK,D, |2~ (53)
plo]
rae ko3¢pduument K, pacuerHelit aumamerp Dp W HEKOTOpBIE
OTPaHHYEHHS ONPEACNAIOTCA B 3aBHCHMOCTM OT KOHCTPYKUHMH JIHHLI IO
Tab61.5.1.
3Hauenne kodbdunuenta ocnabnenns Kp s JHMIN, UMEIOIMX
OJHO OTBEPCTHE:

2

K, = 1+i+ i 54

4 P

3Hauenue kodpduumenta ocnabnenns Kp A JHMIL, HMEIOIMX
HECKOJIbKO OTBEpPCTHiA:

2
K, = 1+%di+ % , (5.5)
14 P

rae Zd,. - MakCHMalbHas CyMMa XoOpJi OTBEpCTHH B HaubGoiee

0C/1a0IeHHOM JMAMETPATLHOM CEYEHHM JHHINA IH Kphukd. 3Hayenue K
i gHUI 6€3 OTBepCTHI NpHHHMaIOT paBHBIM 1,0,
YcnoBue BHIOTHEHHS IPOYHOCTH CTEHKH JTHHIIA:

5, Zslp +c (5.6)

Bo Bcex chayyasx MHHMMAalbHas TONILMHA AHHINA AODKHA OBITH
Gonbllle WIH paBHa TONIIMHEe O0€4aiiku, paccYuTaHHOM B COOTBETCTBHH C
m.3.2:

5,28 (5.7)

p—p

J.IOHYCKEICMOC JaBJICHHC HA INTOCKOC JHHIIEC:
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[p]=[—£%] [ole (5.8)

Tommpma s, mns Tanos 10,12,13 nomkHa YIOBIETBOPATH YCIOBHAM:

max l,l(s—c);—Ts% +c - ma Trun NelO; (5.9)

14— " Gin
5,23 120,-¢) 7

max{0,5D - (5,-¢) ZDP_D2 + ¢ - s THno Nel2,13
> P[O']’ 1 Dp 12,15,

5.2. ITnockue KpsluuKu ¢ 0ORONHUMETbHBIM KPAEGLIM
MOMEHMOM, HAZPYHCEHRbIE GHYMPEHHUM 0aBAeHUEM

PacyeTHbIe CXeMBl IUIOCKHX KpBIIEK C JOMONHHTENBHBEIM KpacBhIM
MOMEHTOM MpEeNCTaBIeHbl Ha pUc.5.1.

Ds Dy
D D
h"’
| ol Pl Yy
3

D,p "‘“Dcn 3 D?= Dca

34

|
a 6

Puc. 5.1. TInockHe KpHILIKH C JOTOJHHATENLHBIM KpaeBbiM 3ddexTom

HononnumensHoe ycnogue npumerenus:

>'d, <0,1D, (5.10)
PacueTHas TONIHHA CTEHKH KPbILIKH:
sip = KeK,D, |£— (5.11)
¢lo]

3nauenua ko3ppunmenta K :

(5.12)
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R
1+—=
TZ€ i = max °
F; +AF;
0,
Qs R, Ps A P; - onpepensiorcs U3 pacuera (raHNeBoro

coequHeHns mo m.11.5.
Kos¢pduumenr ocmabnenus orsepcrwavn K, ompenensercs mo

dopmynam (5.4), (5.5). Ilpu sToM orBepcTHs nns GONTOB B pacuer He
NMPHHHMAIOT.

YcnoBue BHINONHEHHA NPOYHOCTH CTEHKH IUIOCKOH KPYTJION KDBIIIKH
C IOTIOJIHUTEIBHBIM KPAaEBHIM MOMEHTOM:

8§ 28,+cC (5.13)
JIna KphiLIKH, MMEIOIEeH na3 s neperopoaxy (puc.S.1,6) 3HayeHHe

ko3¢ duimenTa Ky 114 onpeeneHns TOJNILHHB B MECTE 11a3a PaCCYHTHIBACTCH
C YUETOM YCHJIHA OT CKaTHA MPOKIAAKH B ma3e:

1+3y] Do _1]i96Le S
K. =041 on Doy Don (5.14)
¢ Ds
D

cn

TomumHa MIOCKOH KPYrJOH KpBIMIKH C JOMONHHTENLHEIM KPacBBIM
MOMEHTOM B MECTE YIUIOTHEHHA:

§, 2 max K7\/5;0—’6-<D +c
D

(5.15)
P+ P,
rae @ = max G—APG; 620
o] '[o]
3Hagenue ko3pduuuenta K7 :
(5.16)

TonmuHa Kkpas IUIOCKOM KPYTJIOH KpBHIUKH C JOMOJHHUTEIBHBIM
KpaeBbIM MOMEHTOM BHE 30HBI YIIOTHEHHA:

55 2 max K7«/5; 2’6 D

cn

+c, (5.17)

© Accounanus «PocTeXIKCnepTH3a»
52 © Hayuno-texnuyeckoe npeanpustre Tpy6onposoa (OO0 «HTII Tpy6onposon»)



CA 03-004-07 (CTII 10-04-02)

rxe <D=max{—PELAP‘; 1)620 > K, =08 —D—3—1
el [o); ) D,

Homyckaemoe faBneHME jis TUIOCKOH KPYIJIOH KDBHILKH C
JOTIOHHTENILHBIM KPAEBEIM MOMEHTOM:

5.18

[r]= [KKDJ[]¢ (518)

5.3. Mnockue onuwa c paduanvhvimu pebpamu
dHcecmxocmu

PacueTHeie CXeMBl IUIOCKMX JHHII C PagdaIbHBIMH peOpamu
KECTKOCTH IIPHBECHHI HA pHC. 5.2.

da
-

R, }
1
]
a
dy
. -
= £
2%
8 D |
D
B r

Puc. 5.2. IInockue AHUmA ¢ pagHaIbHEIMH peOpaMH XKECTKOCTH
Ycnoeus npumenenua:

nd,lo,] <

—_— : <1 4e§
2H ﬁDpsl[a,]

—<10, (5.19)

P
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rac Dp - pacwe'muii JHaMECTp B 3aBHCHMOCTH OT KOHCTPYKIIHH

mauma; H - Bricota pebpa; d, - napysmbiit nuaMeTp UEHTPaTLHOH BTYIKH;

N - KonHyecTBO pedep.

Bo3smoxHO mnpumenenne peGep ¢ NpOM3BONBHOH  QopMoit
nonepeyHoro ceueHns. JUis npo¢uieil CTaHAAPTHOrO CEYEHHsA PacCTOSHHE OT
HEHTPA TAXKECTH MOMEPEYHOro cedeHus pebpa KECTKOCTH A0 €ro OCHOBAHHA

€, =¢€,, a womans nonepeuroro cevemns A, =A4,, rne ¢, n 4,

onpenenAoTcs no Tabmmue 3.2.
PacyetHoe paccrosHMe OT IOBEPXHOCTH AHHIIA A0 HHXKHETO TOpLa

BTYJIKH:
hop = min{hy; 0,27/(dy — 5)56 J (5.20)
rae h, - paccrosuue oT HiKHEH MOBEPXHOCTH KPHILIKA (IHHINA) [0

HHXHEr0 TOplia BTYJIKH,; § o - TOJIIIHHA BTYJIKH.

PacyerHas BrICOTa BTYNIKH:

H,p =min{H,; (H, +s,+ k)], (5.21)
rae H - Bricora Brynkm.
OTHOCHTENBHEI HAPYXHbIH PATHYC BTYJIKH:

P =—= (5.22)

PaccrosiHMe OT CpPeAMHHOH NOBEPXHOCTH [HHIIA N0 HEHTpanbHOH
TIOBEPXHOCTH:

nA [o
e= __FM (5.23)
2 DP [0'1]
H3rubaiommii MOMEHT BTYJIKM, OTHECEHHBI K JUIHHE KOHTYPHOH
JIMHMH:
[oode(sy —¢,) Y 5 Y
M,==—27"0 0 PL% ~ G (H,,p—e—hop——') +(e+hop+—') (5-29)
dy—5,+c¢, 2 2

PacuetHniii M3rubaroumMi MOMEHT IHHINA, OTHECEHHBIH K JUIHHE
KOHTYPHOH JIHHHH:

2
M, =[o ez+(s,2—c) (5.25)
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PacuerHnlif H3rHbaromuii MOMeHT OpeOpeHHOr0 AHHING, OTHECEHHBIH
K JUIHHE KOHTYPHOH JIMHUH:

M, =M, + [o,lpnd, [eo —es S —c) (5.26)
znd, 2

PacyeTHhiit 0000meHHBIH H3rubaommi MOMEHT, OTHECEHHBIH K
JUTHHE KOHTYPHOH JIHHHMH:

M,, =min{M; M, } (527

PacueTHbIH CyMMapHBIi U3rHOalomuii MOMEHT, OTHECEHHRIH K JUTHHE
KOHTYPHOH THHHH:

M, =M,(1-p,)+M,,p, (5.28)

Ipu orcyrcreun uentpamshoit Bryaxu (0, =0) u nepecesennn

pebep B IeHTpe, a Takke B Cly4ae €CIH BMECTO BTYNKH HCIIONb3yeTcs
ciuolrHas 600bIIIKa:

M, = M, + 210" eo_e+3-‘0) (5.29)
IIDP 2

YcnoBHe BBHINMOJHEHHS NMPOYHOCTH NPH ACHCTBHH AONOIHHTEILHOIO
YCHIMA, AEHCTBYIOIIErO Ha LEHTPAlbHYI0 9YacTh AHMINA (Bec ABHTAaTENA,
peayKTopa H T.IL):

0, <0927 M. (5.30)
1-p,

PacyetHoe XOITYCKacMo€ JaBJICHHE, neﬁmyromee Ha IUIOCKO€ JHHIIEC
B LICJTIOM:

_ 127 M, +0,(1-p,)] (5.31)
7 Dy(1-py)

[p]

Ecnu neficreue (), HanpasneHo B Tyxe CTOPOHY, 9TO H JaBlIeHHE D ,

T0 B popmyne (5.31) nepen Q0 CIECAyeT MOCTABHThH 3HAK MHHYC.

PacueTHoe nomyckaemoe naBiieHHE, ACHCTBYIOmMEE B NPOMEXYTKE
Mexay peGpamu:

2
2 . T
12[0,](s, —¢) (l+sm;) (5.32)

2
.,
Dﬁ(sm ;)

JomyckaeMoe H3GRITOYHOE JaBJIEHHE:
[pl=min{p,};[p,1} (5.33)

[p.]=
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[15].

6. Chpepnyeckne HeOTOOPTOBAHHDbIC THUIA H

KPbIINIKH

Pacyer cdepHueckHX HeOTOOPTOBaHHBIX IHHII Ha TPOYHOCTH H
YCTOHYHBOCTb MPOBOAMTCA HA OCHOBAHHM [3] ¢ JONOJHEHHAMH OTHOCHTEIBHO
pacdeTa MOMEHTOB, ICHCTBYIOMHMX Ha ¢iaHel AHHMA THNA 6 ¢ yuetoM [11] u

6.1. Pacuemmnboie cxemol

PacueTHble CXEMBI THHII NPHBEIEHEI B Tabm. 6.1.

Tabnuna 6.1.
THO M M] Ay
1 - - 0
2 - - 0
3 - - 0
2 2
ht
4 p——eg l//‘ 5[112‘— th
5 0 - (h+s,)e

56

© Acconnaims «Pocrexakcneprusa»

© Hayano-rexnnyeckoe npeanpuarue TpyGonposoa (OO0 «HTII Tpy6Gonposoz»)




CA 03-004-07 (CTTI 10-04-02)

Tun

Yeprex M M] Ay

TTpu 3aTspkke 6omToB:
Fie,
20 2
rae P, onpenensercs mo|” [0l (h-d, ¥

n.11.5 IpH YCIIOBHH 2
OTCYTCTBHS BHEITHHX CHI M
MOMCHTOB

Tpu paGoynx ycioBHAX: (n—d, )t

(P, +AP,)e, +0ye, — e, —eigy)

TIe AP, M Q, ONPEAENAIOTCH #lo) (h-d, ¥
2

M3 pacyera (JIaHIEBOTO
coemuuenns no m.11.5.

Yenosus npumenenua:
s, —c
R

Ina pavm Thoa 1-3, HarpykeHHbIX BHYTPEHHHM H30bITOYHBIM
JIaBJICHHEM, pacdeTHble GOPMYIBI CleqyeT MPHMEHATh NPH JONOIHHUTENIFHOM
YCIIOBHH:

<0,; O08SD<R<D 6.1)

s —cC

> 0,002 (6.2)

Vrnoeble WmIBHI AODKHBI OBITH BEHIONHEHBI C JABYCTOPOHHHUM
CIUTOIIHBEIM IPOBAPOM.

JlonoMHUTEIBHEIE HATPY3KH HA KOJbLIA HE YIHTHIBAIOTCA.

®opMyibl, IPHBEAEHHBIE B 11.6.3, ClNEAyeT MPHMEHATh NPH YCIOBHH,
YTO pACYETHHIE TEMIEPAaTyps! HE INPEBHINAIOT 3HAYEHWH, NMPH KOTOPBIX
YUHTBIBAETCH MMOJ3y4eCTh MATEPHAnoOB. [IpH OTCYTCTBHM TOYHBIX JAHHBIX
$opMyJTBl ZOMYCKAETCS IPUMEHATH NPH YCJIOBHH, YTO pacyeTHas remrxe(Parypa
CTEHKH oOeuaiiku H3 yraepoaucrod crtand He mnpesbimaer 380°C, wu3
HH3KonernpoBanHoi 420°C, u3 aycrenntroi 525°C.
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6.2. Chepuueckue neombopmosannsie OHUMLA U KPOIWKY,
HAZPyHCeHHbIe SHYMPERHUM U30BIMOYHBIM OasleHUEM

PacuyeTHasd TOMIIMHA CTEHKH JHHIIA:

PR
2lo)o-p’
5,, = max g Zﬂp (6.3)
P
2[0' ]1 Pr—P
3nauenue ko3dpduurenta 3 :
6.49)
gy
=05+ -
2 44, 1_£+3f51“—' 1 ‘*’ZS—C %‘*ZSZ-C%
¥ D(s, - ) [M] D | Jeosy s,-c ’s—c
e y, = [a]* Y =M; s =M2_- OTHOILIEHHS JOIMyCKaeMbIX
[o']l [0']1 [o']l
HanpsXEHHH;

v =arcos(D/(2R)).
Bemnunant A4,, M, [M] onpenensiorcs B 3aBucmoctH ot

KOHCTPYKUHMH AHMIN 10 Tabn.6.1. IIpu 3ToM mig AHHII THIOB 4, 6 JO/DKHO
semosiHsThes yenosue M <[M]. Ecnu B nuumie TMma 6 MpOKIAnKa JIEXHT

MO BCeH NpPUBATOYHON NOBEPXHOCTH, B (opMyne IpH onpenenenun M
npuxnmaerca e; = 0.
YCIIOBHE BHINOTHEHHSA IPOYHOCTH CTEHKH JHHINA:

8§28, +c (6.5)
JomyckaeMoe u30BITOYHOE BHYTPEHHEE IaBlIEHHE ONpeneniercs IO
¢dopmyne:
2s, - 9p. o)
D+ (s, —¢) (6.6)

2(s, —c)p [a]1
R+ (s, —c¢)

[p]=min
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6.3. Chepuuecxue neombopmoeannvie OHUULA U KPBIUKU,
HazpysceHHble HaPYXCHBIM OaeIeHUueM

JomyckaeMoe DaBIeHHE H3 YCIOBHA MPOYHOCTH B LIEHTPaNbHOH 30He:

2[c](s, - ¢
(Pln _Aolls —o) 6.7)
R+(s,-c¢)
Jlomyckaemoe JaBIeHHE H3 YCIOBHA YCTOMYMBOCTH B Tpeacnax
YTIPYTOCTH:
2
KE| (s, —¢
[Ple =—{—( ' )] : (6.3)
R
y
R
rae koddoumpenT K B 3aBHCHMOCTH OT mapamerpa ——————
(s,—¢)
onpenenserca mno tabnuue 6.2.
Jlormyckaemoe HapyHOE JaBICHHE!
2s, —0)e [0}
Df +(s, —c)
[7]= min; [Pln 9 6.9
2
1+ [[P]n )
[Ple

PacueTHas TONmMHA CTEHKH JHMIJA C y4eToM mNpubaBoK
onpepeNfAeTcs HTepauHoHHO no ¢opmynam (6.7-6.9) mpm ycnoBuH, YTO

[p]=p.

YcnoBue BHINOIHEHHA IMPOYHOCTH CTCHKH AHWUILIA.

§28,+c (6.10)
TaGnuua 6.2
R
Pacuer- 3uauenne koapduunenta K npu orHomennn —————
Hble : (s,—¢)

Moaem 5 50 75 [ 100 | 150 | 200 | 250 | 300 | >350

ﬁ‘;ﬁ"ﬁs) 033 | 0,19 | 0,17 | 015 | 0,13 | 012 | 0,12 | 0,11 | 0,1

Kpbiuka 046 | 030 | 025 | 022 | 0,19 | 0,17 | 016 | 0,13 | 0,12
(THm 6)
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7. KoHnH4yeckHe o0e4yaiiKu M COeqHHEHHSA

Pacuer koHMYeckHX o00cuaek M COEJHHEHHI Ha IIPOYHOCTH H
YCTOHYHMBOCTh NPOBOAUTCA HA OCHOBaHHH [2].

7.1. Pacuemmnsie cxemol

PacyerHbie cxeMsl coenHeHHS KOHMYECKHX obcuaek MpelcTaBleHH
Ha puc.7.1.-74.

Puc.7.1. Coemunenue obeqaek 63 TOPOHIAILHOIO Epexoja
a - COeIMHEHHE IBYX KOHHYECKHX obcdaek,
6 - coeTMHeHHe KOHHYECKOH H NMIHHAPHYCCKOH 0Beuaek,
B - COETHHEHHE KOHHIECKOH U UHIHHAPHIECKOH 0beuack ¢ YKpEIUIMIiomHM KOJBLOM,
I - COSIHHeHHE KOHHYEeCKOH 00eyaiiku ¢ IMIHHAPHIECKOH MEHBIIENO JHAMETPa

az

a;

a 6

Pric.7.2. Coenunenne ofeyack ¢ TOPOHIATHHBIM NEPEXOAOM
a - coeJHHeHHe ABYX KOHHIECKHX obeyaek, 6 - coeMHeHne KOHHUECKOH H LHIHHAPHISCKOH
obeyaek

© Accounamus «Poctexskcneprasan
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Puc.7.3. Coemnenre KOCOCHMMETPHYHBIX oOedaek

Puc.7.4. Kounyeckas obeqaiika ¢ KONbIAMH KECTKOCTH

Obwue ycnosus npumeHeHnus:

0,001 <5152 % < 05;
D

a, <70% O0<a,<a; s, 2s,; $,25,; $§;25,,

(7.1)

rae ! - pivna nepexona; @, - pacyeTHas JIMHA MEPEXOAHOMN YaCTH.
PacuerHbie K03()QHLUMEHTH IPOYHOCTH CBAPHBEIX UIBOB IEPEXOA0B
obeuaek onpeaensaioT no 1adn.7.1.

Tabnuna 7.1

PacueTHblii K03()QHIIHEHT NPOYHOCTH CBapHBIX ILIBOB

CocaHHCHHE LITyHEpa

Bux CoenuHenue C obe
COETMHEHHI obeuaek ¢ Goczmncnne YaeK| WIM BHyTPEHHEro
obeuaex YKPEIUISIOmUM €3 YKPCIUIAIOLIETO LHIHHApa C
KOJIBLIOM KopIia KOHWECKOH
obeugaiikoit
BHyTpeHHee
JaBJICHHE WIH @p = \/E .
pactiimoonidll @y =9 o=\or  |oo=ming,: ;|
CHJIA ap a
HapyxHoe .
Pp =mmk’p;\/;;} @p —_-‘/Z

JIABJIICHUE HUITH

P = min{wp;\hTT}
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PacueTHblit K03 OHLUMEHT NPOTHOCTH CBapHKIX MIBOB
CoemHeHue mTyuepa
B CoenuHenne
e e Coenvnenne obeyaek| WM BHYTPEHHETO
COCIMHCHIH 0begack ¢ 6e3 yKpersolero LUWIHHIApa C
obedaek ETUIAIOLIUM o
prKOJB 01: KOJIbLIa KOHHYECKOH
. obeyaiikoi
COKUMaloIas =
™ q’ap =1
cCHiIa
HaruGaromuii | @p =min{rﬂp;\}¢1} - {(p \/_} . {{p ‘/—}
MOMEHT 0. =0 Pp =N 5 +/Pr @p =M, ; @y
ap a

rae @ - ko3hduiMenT IPOYHOCTH KOIBLIEBOTO CBApPHOTO IIIBa;
@, - k03QUUHEHT POYHOCTH NPOAOILHOTO CBAPHOIO LUBA;

q’a - KOSQJQ)HI.[HCHT MPOYHOCTH IONEPEYHOro CBapHOro mBa I

YKPEILIIOILETO KOJbIa.

PacuetHble ¢opMynbl He NPHMEHHMBI, €CIM PAacCTOSHHE MEXIY
JIByMs COCEJHHMH Y3JIaMH 00€4aeK MEHee CYMMBl COOTBETCTBYIOILHX
pacueTHBIX [UIHH o0edyaex, WIIH, €CJIH PAacCTOSHHE OT Y3JIOB JO ONOPHBIX
3JIEMEHTOB cocyza (3a HCKIIOUEHNEM I000YHBIX OTIOp U OTIOPHBIX KOJIEN) MEHee
YABOCHHOH pac4eTHOH JUIHHBbI 00edalKH.

PacyetHble GOpPMYIIBI Y3/IOB KOHHUECKHX U HIJIHHAPHYECKHAX o0cdaeK
6e3 TOpPOHIAIBHOrO IEpexofa NPUMEHHMBI MPH YCJIOBHH BBITOJMHEHHA
YTTIOBOTO IIBA C JBYCTOPOHHHM CIUIOLIHEIM [IPOBApOM.

®opmynsl, npuBeaeHHsle B mn. 7.2.2; 7.2.4; 7.2.5 n 7.2.7 cnenyer
MPHUMEHATh NpPH YCJIOBHH, YTO PpacyeTHbIE TEMNEPAaTYphl HE HNpPEBBILAIOT
3HAYEHHH, 0pPH KOTOPHIX YYMTHIBa€TCA MNOJ3ydecTh MarepuanoB. Ilpu
OTCYTCTBHH TOYHBIX A3HHBIX (JOPMYNEI JONYCKAETCA MPHMEHATH MPH YCIOBHH,
YTO pacyeTHad TeMIepaTypa CTEHKH o0euaiiku M3 YIIEepOJUCTON CTaIH He
npesbiuaet 380°C, 13 nuskonernposannoii 420°C, u3 aycrenutHoi 525°C.

7.2. I'naoxkue Konuueckue obeuaiiku

PacuetHblii nuameTp KOHWYECKOH obeuaiiku 6e3 TOPpOHIANBHOIO
nepexoxaa (puc.7.1):
D, =D-14a,sina, (7.2)
Pacyernblli  nMameTp KOHHYECKOH oOedaiikn ¢ TOPPOHIANBEHBEIM
nepexonoM (puc.7.2):

D,=D- 2[r(cos a,—cosa,)+0,7a,sina 1] (7.3)
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7.2.1. Konuueckue obeuaiiku, Razpyscennsvie 6HympeHHuUM
u3bBLIMOYRBIM Oaenenuem

PacuerHas TONMIMHA CTEHKH 00€YaiKH:

pD, 1

S, = 74
' 2[cle, — p cosq,
VYcnoBHeE BBINIOJIHEHHS POYHOCTH CTCHKH o0edaiku:
§, 28 ptC (7.5)

Hdonyckaemoe BHYTpEHHEE HaBJe€HHE M3 YCIOBHS NPOYHOCTH CTEHKH
obeuaiku:

- 7.6
[p] - 2[;]¢P(sk C) ( )

+(s,—¢)

cos ¢,

7.2.2. Konuueckue obeuaiixu, HazpyscenHvle HAPYICHBIM
Ooasnenuem

Joryckaemoe JaBIeHHE H3 YCIIOBHA NPOYHOCTH CTEHKH 00€YaHKH:

(p], =208 =0) an

+(s, —¢)
cosa,

JlonmyckaeMoe HNABICHHE M3 YCNIOBHA YCTOHYHBOCTH oOOcdaikH B
npezenax ynpyrocTH:

-6 _ 25
[pl, = 208-10°F & 100(s, —c) (7.8)
n,B, I D,
TR€ B, =min41,0; 945— _ D
1. V100(s, —¢)
_D-(D, +2s,).
ES T
2sina,
D, =m{m; —D—-0,31(D+D,+2sz) D_+Di2s_2, al}
2cosq, cosa, 8-
JlomycKkaeMoe Hapy»KHO€ JaBJcHHE:
7.9
(pl= [Pln -
l+[[—ph)
[rle
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7.2.3. Konuuecxue obeuaiiku, HazpyxceHHuble 0Ce60k
pacmsazuearoweis cunoi

PacyeTnas TonmmHa cTeHKH 06evaiiki KOHHYECKOTO Nepexoa:

F 1 (7.10)
7 (D, +2s,)p,[0] cosa,

S =
YcoBHe BBIIOTHEHHS IPOYHOCTH CTEHKH 0bOeyaiiku:
Sp 28, +¢ (7.11)

JlomyckaeMasi pacTArMBaiOmiad CWia H3 YCJIOBHA [POYHOCTH
o0eqaiku:

[Fl=n (D, +2s,)(s, —c)p,[o]cosa (7.12)

7.2.4. Konuuecxue obeuaiixu, Hazpyyceunsie ocesol
cacumalousell cunou

Jlomyckaemast CiiIa U3 YCIOBHA MPOYHOCTH 0OeUaiiKH:

[Flp=7n D(s, —c)[o]cosa ,, (7.13)
tme D, = 09D +0,1(D, +2s,) )
cosa ,
Jlomyckaemas ciiia U3 YCIIOBHS YCTOHYMBOCTH 0O€HalKH:
-6
(Fl, = 310-10 E( osa,) lOO(s,‘ c) (7.14)
y DF

JomyckaeMas oceBas CXMMalolllad CHJIa KOHHYECKOH obOedaiiku B
npeaenaax ynpyrocTs:

(7.15)

[Fl, D+2s“ F]
n

, DF
Fe
[FI,

7.2.5. Konuueckue o6euaiixu, Hazpydcennuie uszubaouium
Momenmom

[F] = min

JlomyckaeMbiii H3rHOaloIHi MOMEHT KOHHYECKOH o6euaiiku:

o Dl (7.16)

{fet)
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rae [M]n =%[F]n; [M]E =?—§[F]E; [Fln u [Flg Gepyrcs

PaBHBIMH JIOIyCKAEMBIM CXXHMMAIOIIHM CHWiIaM A obedaek no (7.13) u (7.14)
COOTBETCTBEHHO.

Jomyckaembiif  H3ruGalommii MOMEHT KOHHYECKOM obeyailku 3
YCJIOBHS MPOYHOCTH:

[M], =D—1;2$[F]. (7.17)

rae [F] onpemensercs mo (7.12).

7.2.6. Konuuecxue obeuaiixu, HazpydceHHble COBMECMHbIM
Oelicmeuem sHympennezo 0asneHus, 0Ce6020
Pacmazueaouiezo yCuuR u uszubarouiezo momenma

Ecnu cyMMa KBHBAJICHTHHIX JaBNEHUI OT HAIPYXKECHHUS OCEBOM CHIIRI

4F 16M

Pr = > ¥ MOMEHTa Pum =—

P P

ouamerpa MeHee 10% pacyeTHOro HaBiEeHHMA, TO KOHHYECKylO o0edaiiky
PacCYHTHIBAIOT TOJIBKO Ha AEHCTBHE NaBICHHA.

Kpome mpoBepk YCIOBHH NPOYHOCTH OT OTAENBHBIX HArpysok,

HCOGXOJII/[MO HpOBepHTB BBIITOJIHEHHE YCJIOBPDII
7(D, +2s,)
4, M o, (7.18)
[F] M]

rae [F] u M,, onpexensiores no (7.12) u (7.17) cooTBercTBEHHO.

COCTAB/IACT A1l COOTBCTCTBYIOLIECIO

F+p

np

7.2.7. Kouuueckue 06euaiiku, RaZpyscennsvle COGMECIMHbIM
Oelicmauem Hapy’cHo2o 0a8REHUR, 0CCB020 CHCUMAIOULEZ0
ycunus u uz2ubarouiezo momenma

KoHHueckHe o6eyaiiki NMPOBEPAIOT Ha YCTOHYHBOCTE MO GopMyJIe:

P, E My, (7.19)

——+_
[p] [F] [M]
rze [p], [F] u [M] onpenensorcs no (7.9), (7.15) n (7.16)

COOTBETCTBEHHO.
[Ipu BHyTpeHHEM JaBJICHUH CeqyeT NpuHaTh p = 0.
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7.3. Coedunenue Konuueckux obeuaex 6e3 mopoudanvHozo
nepexooa

PacueTHblE CXEMHI  COEIMHEHHMsI KOHHYECKHX oOcuack 0e3
TOPOMIAIBHOTO NEPEX0/ia NpeacTaBieHsl Ha puc.7.1,a,6.
Lononnumenvhoie ycroeus npumeHerus:

a,, 24,; a,, 2a,.Ecm a,;, <a, u (wm) a,, <a, npx pacyete

nepexonaa oT AaBJICHHA BMECTO §; H N 2 MOACTABJIAIOTCA:

ap . a
le Imax{a—sl;sk}’ SZE :max{ﬂsz;s}s (7.20)
a

1 2
e g =07 L(s, -c)s  a,=07 b (s, —¢) -
V cosa, \J cosa,

pacueTHBIE JUTHHBI IEPEXOAHBIX YacTeil.
§,28,. Ecnin §; <§, , TO DpH NOBEPOYHOM pacyeTe CIEIyeT

TIpHHHMATD §; = 8§, .
7.3.1.  Coedunenue, Hazpyscennoe 6HympeHHUM Wil HAPYICHHIM
oaeneHuem
PacyeTHas ToNIMHA CTEHOK COENNHEHUS obedaeK:
prDp, 1

2ol,0p—p cosa,
B cnyyae coenuHeHHA KOHMYECKOH M IIMIMHAPHYECKOH obedaek
cosa, =1.

2p (7-21)

Koadduinent popmsl niepexona:

B, =max{0,5; 8}, (7.22)
rae - .
B=04 ! D (1gey 1'ga,,)cosza1 —025
§,—C —
. l(sl cJ
1 + 5,—¢C 5,—C
ﬁosa, 2cosq, 5,—¢C
Y CIIoBHS BEIMONHEHNS MPOYHOCTH COENHHEHN o6edaek:

C
$,28,,+C; 8§ 2 o te (7.23)
2
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JomyckaeMoe aBlneHHe 3 YCIOBHA MPOYHOCTH COCAMHEHHA obedaek:

_ o), pp(s, —c)
[p]= Dﬂf £

cosa,

(7.24)

+(s, —¢)

7.3.2.  Coedunenue, HazpyxiceHHOE 0Ce6Oli PACMAZUBAIOMLCH WU
cxcumarouieli cunoi

Ilonycxaeuax 0CeBaA pacTArHBaKOImas HIH CXKHUMaIas CHIa H3
YCJIOBHA NPOYHOCTH COETHHEHHS 00evaeK:
[Fl=x D(sz —c)gplol; cosa, , (1.25)
Bs
e B, =max{,0; (28 +12)}.

7.3.3. Coedunenue, nazpyycennoe uszubarouiim Momenmom

Honyckaemeiii u3rHbaommii MOMEHT COeAMHEHHs oObedaex u3
YCIIOBHSA MPOYHOCTH:

[M]= %[F], (7.26)

rae [F] Gepercs paBHOH JOIyCKaeMO#  pacTATHBaromIeH
(cxumaromei) cuie A coequHeHHd obedaex no (7.25).
7.3.4. Coeounenue, nazpyycennoe cosmecmubim oelicmeuem
Hazpy3ox
IIpu mpoBepke MPOYHOCTH AIS COBMECTHOTO NECHCTBHA Harpy3oK B
topMynax s pacdeTHOTO HAPYXHOIO NABIEHHA NOACTABIAIOT MHHYC P, a
JUIA oceBOi cxuMaromeit cuisl munyc F. Hsrubarommii momenT M Bcerna

MPHHHMAIOT CO 3HAKOM ILTIOC.
VY1081 NPOYHOCTH 1A NEPEXOHO#H YacTH obcUaiku:

\p| <[p); |F|<[F1; |M|<[M]; | i{ M ., (7.27)
1P| |F|<[F1; [M|<[M] SNGNT

rae [p], [F] u [M ] onpenenstorca no (7.24), (7.25) u (7.26)
COOTBETCTBEHHO.

7.4. Coeounenue KoHu4ecKux obeuaex ¢ mopoudanbHsIM
nepexooom

PacyeTHeie  CXeMBl COSIMHCHHA  KOHHYECKHX  o0Oegaek ¢
TOPOHJAILHBIM NIEPEXOIOM NPEACTABIICHE Ha pHuc.7.2.
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Hononrnumenvnoe ycnosue npumenenus.:

0< % <03 (7.28)

a,p, 24a,; a,, 2 a,; s;=s;=sr. Eemn a,;, <a, u(am) a,, <a,

IPH pacdCTe NEPeEXoaa OT AaBJIICHHA BMECTO § 1 H s 5 TIOACTABIIAIOTCA:

_ Ap . .. L. _ 9 . . 799
Sip =MaAX§——87; 8; ¢; Syp =MAX{——S7; S ¢, (7.29)
a, a,

f D . D
rae a, = 0,7 m(sl —C) > a,= O’S‘V'm (S2 —C) - PpacCYe€THbIC
1 2

JUIMHBI TIEPEXOHBIX 9aCTEi.

7.4.1. Coedunenue, nazpysicennoe GHympeHuuUM uau RAPylICHbIM
oaerenuem

PacyeTHas ToNNMHA CTEHKH TOPOMAAJIBHOIO IIEpEXOaAA:

__pbh, 1 (7.30)
2ol;¢p - p cosa,

Tp

Kosdduunent popmsi nepexona:

B, =max{0,5; 8- B}, (7.31)
rae B=04 D (tga, —1ga,)cosa, _0,25;
s, —¢ s —c 2
1+] -
1, s, —c¢ (sl —cJ
,/cosaz 2cosa, 5, —C

r D
0,028 — [—(a, —a
D‘Js,—c( 1)

1+ I

1
Joosa, | Jcosa,

Vcnosue BBITOMHEHUS MIPOYHOCTH CTEHKH TOPOHIAIIBHOIO NEpexXoa:

Sp 2 Sy, t¢ (7.32)
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HormyckaemMoe H3OBITOUHOE BHYTPEHHEE WM HAPYKHOE NABJICHHE H3
YCJIOBHSI IPOYHOCTH TOPOHIANBHOTO MEPEXO/a:

2Ao); @p(sy —c)
D 4,

[p]l= (7.33)

7.4.2.  Coedunenue, nazpyscentoe ocesoli pacmazueaiouieii uiu
cacumaloumielt cunoi

)Ionycxaemasl OCEBasdg pacCTArdBaKOllad HIH CXKHMaoIlas CHIAa H3
YyCJI0BHSA MPOYHOCTH TOPOHAANBLHOTIO NICPEXoa:

[Fl=n D (s _c)("p’go']r cosa ,
me f, =max{l0; B, (28 +12)}.

7.4.3. Coedunenue, Hazpylcennoe U3zubaIOUUM MOMEHRMOM U
COBMECMHbIM Oelicmeuem Hazpy3oK

, (7.34)

JlomyckaeMbIH MOMEHT, a TaloKE YCIIOBHS NIPOYHOCTH H YCTOWYHBOCTH
MEPEX0/a NMPH COBMECTHOM JEHCTBHH HArpy3o0K onpeaessiorcs mo nm. 7.3.3 u

734. Tipu o [p] u [F] ompexensiores mo (7.33) u (7.34)
COOTBCTCTBCHHO.

7.5. Coedunenue Konuueckux obeuaex ¢ yKpeniaouium
KOtb YoM

PacueTHas cxeMa COeTHHEHHS KOHMYECKHX 00€4YaeK ¢ YKpEIUIAIONHM
KONBLIOM IpPEICTaBIcHa Ha puc.7.1, B.

Lononnumenvrvie ycio8us npumeHeHus:
a,, 2a,; d,p 24,.Ecm a,, <a, u (wm) a,, <da, npu pacyere

repexoaa OT AaBJICHHA BMECTO S H §, NOACTaBIAIOTCA:

—maxd®2s s b o —max{%2s - 7.35
S = max S158;, 15 S, =max $,58¢, (7.35)
a, ' a,

a, =0,7,/D(s, —¢) -

pacyeTHble UIMHEI IEPEXOIHBIX YacTei.
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<
s, 28,. Ecm S <8 2, TO NpH IOBEPOYHOM pacdeTe ClemyeT
TIpUHUMATE §, =S, .
Jlns xoHuueckod ofeuaiiki ¢ KombnaMu xectkoctH (pHc. 7.4)
H3rubarome MOMEHTH Ha KOJbLaX OTCYTCTBYIOT.

7.5.1.  Coedunenue, HazpyHceHHOE SHYMPEHHUM WU HAPYIHCHBIM
oaenenuem

PacuerHas mwiomanb norlepcqﬂoro' CCYCHHA YKPCIUIAIOMIETO KOJbLA:

_ pDtga , - B, +025 i (1.36)
? " 8lole, B+025
rae
2 -
B =[ o]0, -1]52 s
p D
B=04 I D (tga, —tga,)cos a, ~025
’ Vsz —c 2 >
s, —c) -
1+ 4| —
1 + [sz —c) s -c
,/cosaz 2cosa, s, —¢

VYcnoBue  BBINIONHEHMA NPOYHOCTH COEAHMHEHHA o0eyaek ¢
YKPEIUIAIOIINM KOJbIIOM:

A 2 A, (7.37)
Mpu A,, £0 yxpemnenne konbLOM XecTKOCTH He TpeGyeTcs.

Tpu onpeneneHns IUIOmANM NONEPEYHOro cedeHua Kompua A,

TalOKe YYUTHIBACTCA CEYEHHE CTEHOK 00e4aeK, PpacroloXeHHOE MEXIY
HapyHBIMH [IBaMH Kollbla U 0Geqaek.

JlomyckaeMoe BHYyTpEHHEE WM HapyXKHOe W3OBITOYHOE JaBiieHHE H3
YCJIOBHii IPOYHOCTH COEAHHEHHA 0beyaek:

[p]=2L:2:(5, =) (7.38)
DB, +(s, —c)
O6muit xo3dppuuHEHT HOpMBI I coeauHeHus obeyaex:
B, =max{0,5; 8, }, (7.39)
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2
1+1(sl_c)
Tae 0,4’ D a1+ o i z["—”) ;
$;—¢C 2cos a, s,—c

ﬂn = 5
l+z(s'_c]
B oalis—\s-c) [__-L)
? 2cos a, §;—€
e
1,64, [a]m,,,,; B,=0,25; Z=[ I}

s, —cWD(s; —¢) 0], 9, U el

YcnoBHe BLIIONHEHHA TNPOYHOCTH COEAMHEHHA obcvaek Juia
KOHHYECKO# 06e4aiiky ¢ KONBLAMH KeCTKOCTH (pHCT7.4):

4, > PPy (71.40)
8l 9,

JlomyckaeMoe BHYTpeHHee WIM HapyXHOE H3OBITOYHOE JaBICHHE H3
YCIOBHI MPOYHOCTH COeIMHEHHS 00e4aeK C KOJIBLAMH XKECTKOCTH (puc7.4):

[p]=A4, S[G]kwaP

7.41
Diga (7.41)

VYcnoBue BBINONHEHHA NIPpOYHOCTL CBAPHOro IIBa YKPEIUIAIOIETO
KOJIbLIA:

44
>t > —D"’L, (7.42)

Thoe Zt ;- CymMa BceX 3QEKTHBHBIX MUMPHH HECYNUX CBapHBIX

OIBOB MEXIY YKDEIUIAIOIHM KOnblOM H obedaiikoi (puc.7.1,B), mpmuem
pacCTOAHHE MEXAY KOHLIAMH IPEPHIBUCTHIX CBAPHEIX IIBOB AOJDKHO ORITH HE
Oonee BOCKMH TOJNINHH CTEHKH OOedaliku H CyMMa BCEX JUTHH CBApHBIX LIBOB
HE MEHee NOJIOBHHEI JUTHHEI KOHTYpa KOJbIA.

7.5.2.  Coedunenue, Hazpysicennoe 0ceeoii pacmazueaouieis unu
coHcumarousels cunou

HomyckaemMass oceBas pacTATHBAIOMIAA WIM CKHMAoIas CHia
COCAHHEHHSA oﬁeqaex'

[Fl=7 D C)(PP[O']z
Bs
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rae ff, = max {1,0; 25, }; npu onpepenennn 3, B (7.39) cneayer

npunsts B, =-0,35.

7.5.3.  Coedunenue, nazpyxncennoe u3zubaOuium MOMEHMOM u
coemecmHbim delicmeuem HAZPy30K

JomyckaeMBli MOMEHT, a TakKe YCIOBHA TPOYHOCTH U YCTOMYMBOCTH
nepexosa MpH COBMECTHOM JEHCTBHH HAarpy30K ONpeaeisiorTca no mi. 7.3.3 u
7.3.4. Tlpu 3rOM JOMyckaemoe MaBJIEHHE [p] H OCEBYIO CHIY [F]
onpeaentotcs no (7.38) u (7.43) coorBeTCTBEHHO.

7.6. Coedunenue wmyyepa unu 6Hympennezo
YUTUHOPUNYECKO20 KOPNYCA C KOHUYECKO 0beualiKoil

PacueTHas cxeMa COEIMHEHHs BHYTPEHHErO IWIHHAPHYECKOTO
KOpITyca ¢ KOHU4eCKo# obeyaiikoii npeacrasnexa Ha puc.7.1,r.

ﬂono;mumeﬂbnbze YCA08UA NDUMEHEHUA
opu a,, < a; 1 Q,;, <d, TpH pacyeTe NMepexoaa OT AABICHUA BMECTO

Sl H 52 TNIOACTABIIAKOTCA:

a . a
Sip =Max{—25,58, 05 5, =maxq—25,; 54> (7.44)
Q a,

TAE g, = Dy (s,-c)s a,=125{D;(s, —c) - pacuernsie
q cosa,

JUIHHBI [IEPEXO/THBIX HacCT eid.

7.6.1.  Coedunenue, HazpyrnceHHOe GHYMPECHKUM UNU HADYIHCHBIM
oasrenuem

PacyetHas TOJILMHA CTCHKH NEPEXO/{HOH YaCTH:

2P = _IM_ (7.45)
2olp,—p
Koaduunent popms! nepexona
B, =max{L,0; 8.}, ' (7.46)

roe
D, t,
B, =04 |— g% +0,5
§,—¢C 2
s —cC
1+ 7]
(sz —c) l{s, —c)

2cosa; - s, —¢C

1+
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D, ige,

1+1[s‘_c i
l[sl—cj J si-¢ s,—c

s,—¢ V(sz—c)cosal 2

2
npH  y [s' _c) <1.
s, —¢

YcnoBue BHINOMHEHUS MPOYHOCTH CTCHKH NICpEXoaa:

+0,5

§,28,,+c (7.47)

Jonyckaemoe H30BITOYHOE BHYTpEHHEE MWIM BHEIUHEE AABICHHME M3
YCIIOBHA NPOYHOCTH COEAHHEHHS 06edaek:

[p]= o], pp(s, —¢)
DB, +(s, —¢c)

7.6.2. Coedunenue, Razpyscesnoe 0cegoli pacmaAzuearouielt unu
coHcumarowieli Cunon

(7.48)

Homyckaemasi oceBas pacTATMBalOMmas WIH CXHMAlOIasds CHiIa
coenHeHus obevaek:

[Fl=z D (s, —o)p,lol,
\ B >

8
rae By = max{l,O; 2B, - l)}; B, onpenensiercs no (7.46).

(7.49)

7.6.3. Coedunenue, HazpysceHHoe U32UDAIOULUM MOMEHIMOM U
coeMecmubIM Oelicmeuem Hazpy3oK

JomyckaeMbiii MOMEHT, a TaKOKe YCJIOBHS IPOYHOCTH U YCTONYHMBOCTH
TEpexXo/ia NPH COBMECTHOM JCHCTBHMH HAarpy3oK ompeiensoTcs no nm. 7.3.3 u
7.3.4. Ilpu 3ToM pomycKaeMoe JaBJICHHE [p] M OCEBYI0 CHIY [F]
onpezematores no (7.48) u (7.49) cooTBEeTCTBEHHO.
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8. Konnueckue aauma

Pacuer KOHHYECKHX JHHII Ha NPOYHOCTE H YCTOHYMBOCTH
MIPOBOJUTCA Ha OCHOBaHHH [2].

8.1. Pacuemnbie cxemot

PacyeTHBIE CXEMBI KOHHYECKHX AHHII MPe/CTaBlIeHbl Ha pHC.8.1.

Puc.8.1. IMosorue KOHHYECKHE AHHUILA
a— JHHIe C TOPOHAAILHBIM NIEPEXOTOM, 6 — AHHLIEC C YKPEILIAIOIIHM KOJIbLIOM,
B — JHHIIE 6€3 TOPOMAAILHOIO NEPEX01a H YKPETUIAIONIEro KoIbLa

Yenoeus npumenenus:

a >70% To8% 50125, 0<Z <03 @.1)
D D

Pacuernbie K03 PHLUHEHTDI NPOYHOCTH CBapHBIX LIBOB
ONpEAEIIAIOTCA, KaK U B ClTydae KOHHYECKHX NIEPEXOOB, Mo Tabnuue 7.1.

/ !
s’ 28s,. Ecom §° <S,, To mpH NOBEpPOYHOM pacyere Clexyer

/
NMpHHUMATL § =8§,.

B cnydae npucoenHHEHHS KOHHYECKOIO JHHINA K LHIHHAPHYECKOH
obeuaiike cosa, =1

Mpn @, < 70° pacueT KOHHYECKHMX IHMII OCYIIECTBIAETCA KAK LIS
p 1 p Yy

KOHHYECKHX r1epexo10B (cM. 11.7). [Ipu 31om npraHMaercs §, = §'.

Pacyernbie ¢Qopmynsi, npueeneHssle B mn.8.2.2; 83.2; u 84.2
ClieyeT MPHMCHATL HPH YCIOBHH, YTO pacyeTHbIC TEMIEpaTyphl He
NPEBBIMIAIOT 3HAYEHHH, MPH KOTOPHIX YYHTHIBAETCS MON3Y4ECTh MaTEPHAIOB.
IIpn OTCYTCTBHH TOYHBIX AAHHBIX (POPMYJIBI JONMYCKAeTCA NPHUMEHATh MpPH
YCJIOBHH, 9TO pacycTHasd TEMIEpaTypa CTCHKH obcyaliki H3 YIJIepoaucTOi
cra.lgu ue mpesbimaer 380°C, w3 HusKonernposanuoit 420°C, w3 aycTeHHTHO#M
525°C.
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8.2. Konuueckoe oHuuie c mopoudaibHoiM nepexooom

8.2.1. Konuuecxoe onuwie, HazpyinceRHoe 6HYMPEHHUM
u36B1MOYHBIY Oas.1eHUEM

YC0BHE BBINOTHEHHS NPOYHOCTH CTCHKH JHHILIA:

5’2 min {max{sg+c; srp+c}; sptc}, (8.2)
e —03(D-r)2L | P
90 [ole,
pD

S = - pacyeTHas TOJILIMHA ITaIKoH
2¢,[o]-p cosq,

KOHMYECKOH oOeuaiky;

_ pDp, "
= 2— - pacueTHad TOJIIMHA TNEPEXOIHOH
p,lo]l-p
YacTH.
Kosdduuuenr f; onpenensercs no dopmyne:
B =max {0,5; B fr}, (8.3)
rie
p=04]-2_ B _g5s
s'~c 1+ 1
cosa,
5, :

00287 [-2 4,
DYs' -c¢
1

Jeose,

JlonyckaeMoe BHyTpeHHee H30BITOYHOE [aBieHHE Ha JHHINE
NpUHHUMaeTCcA Kak:

1+

[ p]=max{[p],;;min{[p],,[p];}}, (8.4)
_ (' —c) 90° Aolp,(s' —=c) .
PR R

——+(s'-0)

cosa,
2Aolpp(s’ —¢)
D B, +(s' -¢c)

8.2.2. Konuueckoe onuwe, HazpysicenHoe HapyscHoim dagaenuem

[pl; =

Jlomyckaemoe aBleHue U3 YCIIOBHA NPOYHOCTH:
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[P, =—E =D ®5)

— _4(s'-0)
cosa,

rae D, =D -2[r(l-cosa ,)+0,7a, sina , ] - pacueTnbiit nMameTp;

a, =0, f D (s'—c) - PacyeTHas LIMHA NEPEXOTHON JacTH.
cosa

JlonmyckaeMoe JaBICHHE H3 YCJIIOBHS YCTOWYHBOCTH B Mpeienax
YNPYTOCTH:

2
[p]E = AEK (E) 0052 a] > (86)
n, \ Dy
e g = min{0,36; max{o’lfzs ; 0,12}};
D

= "k
2(s’ —¢)cosa,
JlonyckaeMoe Hapy’KHOE JaB/ICHHE:

[Ply (8.7
1 1+ [@]2
{ple

8.3. Konuueckoe Onuwie c yKpennaouum Koabyom

[p]=

PacueTHas cxeMa KOHHYECKOrO AHHIIA C YKPEIUMIOIM KOJBLIOM
npencrasiena Ha puc.8.1,6.

8.3.1. Konuueckoe Onuuge, HazpyynceHnoe 6HYmpeHRum
U36bIMOMHBIM OaseHUEM

PacyeTnas TONIIHHA CTEHKH JTHHINA:

p pD 1

P 2¢,[0]-p cose, ©5
VcnoBue BHITIOJHEHHA NPOYHOCTH CTCHKH JHHINA:
§'28'p+c (8.9)
PacueTHas IUIOLIazpb TONEPEIHOTO CEIEHNs YKPEIIOUIETO KOIbLA:
4, = pD*tga | (1_ B, +0,25), (8.10)
o £ +0,25
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Ao, e s, —¢
rne g, =| 2272 1|25, 5 042 s 005
Y4 D §;,—-¢C

Ipu A4, < 0 yxperuieHHe KONBLIOM ECTKOCTH He TpebyeTcs.

Jlonyckaemoe BHYTpEHHee H3OBITOUHOE JaBJIEHHE WIS KOHHYECKOTO

HHIIA:
ole,(s' —¢ 8.11)
M " G
+(s' -0)
cosa,
Koaddurpment ¢popMbl Ui 1IEpEXOAHOI 4acTy:
0,4 f b 1ga, —0,25 (8.12)
= max{0,5; S ~
Py = max 0.5, B, +1
rae B, = 1,614“ [o-]k ¢ap
, =
(s, ~eWD(s, —) [olo,
JonyckaeMoe BHYTpeHHee H3OBITOUHOE JaBIECHHE T YKPEIUIAIOLIETO
KOJIbLIA:
PG TACS) 8.13)
Dp, +(s, —c)
YcnoBHe BBHINONHEHHA NPOYHOCTh CBAPHOTO LIBAa YKPEIUIAIOIIETO
KOJIbLIA:
44
B, 20 (8.14)

rae Zt ; - CymMa Bcex 3¢EeKTHBHBIX MIHPUH HECYIIMX CBAaPHBIX

IIBOB MEXAY YKPEIUIAIOIMIHM KONbUOM H oOcdaiKod, MpuUYeM paccTOsHHE
MEXIy KOHLAMH NPEPHIBUCTBIX CBAapHBIX ILIBOB A0JDKHO ObiTh HE 60JIee BOCBMH
TOMIMH CTEHKH obOe4yalikM H CyMMa BCeX UIMH CBapHbIX IIBOB HE MEHee
MOJIOBHHBI JUTHHBI KOHTYpa KOJbLA.

8.3.2. Konuueckoe OHuwuie, HazpYlNceRHOE HAPYIHCHBIM OaBAERUEM

Hormyckaemoe Hapy»HOe NaBjI€HHE onpeAenserca no GopMynam I
8.2.2 npwm ycnosuH, 4TO:
D, =D-l4a,sina ,, (8.15)

TRC 4, =0,7 D (s'-c)
V cosa ,
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8.4. Konuueckoe onuuie 6e3 mopoudaivnozo nepexooa u
YKpenaswowezo Konvya

Pacuernas cxema koHHYeckoro aHuma Ge3 TOPOMAAIBHOTO Nepexoaa
H YKPEIUMIOLIEro KOJNbIa NpeCTaBieHa Ha prc.8.1,B.

8.4.1. Konuuecxoe onuwe, nazpyscennoe enympeHHum
u3b6imounbLY OasreHuem

YcnoBue BBITOHEHHSA MIPOYHOCTH CTCHKH JHHIIIA:

5’2 min {max{sl,,+c; spte}; sy’ (8.16)
V4
rae s =0, 3D
90° [0]¢,,
pD

S p = - pacuyc€THasa TOJILIHHA l'J'IaIlKOﬁ
2¢)p[a]— p cosq,

KOHHYECKO#H 00evaiiky;

[s -c ) pDp, o
Sip = - pacueTHas TOIIIMHA NIEPEXOTHOM
s, —c)2ol,0p -
9acTH.

KoadduuneHt popmer nepexona:

B, = max{0,5; A}, (8.17)

rae KodpoHuueHT
£=04 } D 8% ~025
s,—¢ s —c

N ””(s ')1{‘}

2cosq, s,—¢

I[onycxaemoe BHYTPECHHEE H30BITOYHOE JaBJIEHHE Ha JIHHILE
NPHHHUMACTCA KaK:

[p]=max{[p];; min{[p],,[p];}}, (8.18)
rae [p], =¢,lo ][(g 3;) 90 ] Pk = ——2[01%6_6)
+(s'¢)
cosa,

20],0p(s, )
D B,+(s,—¢)

8.4.2. Konuueckoe onume, HazpysHceHHoe RAPYICHbIM 0A6AERUEM

[p]; =

JlonyckaeMoe HapyXHOe JJaBieHue onpenensercs no 1. 8.3.2.
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9. Bo3aeiicTBHe ONOPHBLIX HATPY30K

9.1. I'opuzonmansusie cocyost u annapamsl Ha Ce€ON06bIX
onopax

Pacyer Ha NpOYHOCTh M YCTOHYMBOCTh TOPH3OHTAIBHBIX COCYIOB H
alapaTroB OT BO3AEHCTBHS ONOPHBIX Harpy3oK IPOBOJHTCA Ha OCHOBaHHM [4]
C JONOJHCHHAMH pacyeTa CHW1 H MOMEHTOB B JJIEMEHTax COCYAOB
NPOM3BONBLHOH KOHCTPYKUHMH. [IpuBeReH pacyer XapaKTEpHCTHK KoJlell
KECTKOCTH, a TAKXKE BECOBBIX HArpy30K 3JIEMEHTOB B 33aBHCHMOCTH OT MX
KOHCTPYKUHHM H CTENEHH 3anoiHeHus pabouedt xkHakocTbio. B ycnoBuax
NMPHMEHEHHS PAcYeTHbIX (OpMya INPH HAIHMYHM MOAKIANHBIX JIHCTOB

0
Henonb3yercs ycnosue &, > 6, +20°, 4ro npn He3HAYUTETLHOM H3MEHEHHH

yenosus f 2 0,1D (puc.9.4) nossonser mpu pacuerax yuHMTHIBATH HATHUHE
TMOZK/IA/HBIX JTHCTOB B CTAHIAPTHBIX ONOpax, rae 0, = 120°,a 9, = 140°.
9.1.1. Onpedenenue pacuemusix ycuiuii 4 Momernmos

B cnoydyae wcnonb3oBaHMA COCyJa C OJMHAKOBBIM JIHAMETPOM
obcuyaiiki, pPaBHOMEPHBIM paclpeiclieHHEM Harpy3kH 1O J[UIMHE M
OMHPAIOUIHMCA CHMMETPHYHO Ha CEIOBBIE ONOPBI HCMONB3YIOTCS pacyeTHbIE
CXEMBI, NpeJcTaBiIeHHbIe Ha puc.9.1.

L

- —A . - MO

X% s H L/z

mf i ]
(igggly
N

Puc.9.1. CxeMBl pacnonoxeHns Ce/IOBhIX OOp Ha COCYABI
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PacripeaesieHHas Harpy3Ka 1o JUTHHE COCyaa:

q— 4 ’ ()

L+—H
3

rae G - nonHLI Bec cocyna.

KpaeBo#i MOMEHT, onpeieiseMblii CMEIIEHHEM TOPH3OHTAIBHOH
COCTAaRIAIOMIEH CHIbl THAPOCTATHYECKOrO JAaBICHHA OTHOCHUTENBHO OCH
obevaiiku:

2
G, D
M,=q—>—. 9.2)
0
G 16

rae G, - BeC 3an0NHAEMON KHIKOCTH.

OmnopHoe yCHIHE:

G
E =y, —, (9.3)
n
1,0 — oaan=2,
e y; =
nopuc.9.2 - 111 3<n <8.
vi‘ || | ¥
18 ne3 net A=5|
No ] -
ST INTTRS, Nz
w--;-}-\< EERS SN P
- . Ry -
AR o e
Q2
8
ey e a2 g
f,lgké %ﬁ\{
Y i L e Y
] H
o — -
s il il 4
87 gs 0 42 Q48 82 0%

Puc.9.2. Koapduuuenr ¥
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Hsrubalomme MOMEHTHI ClleyeT ONpeensTs B CEYEHUSX 0Oeyailku

HaHOOJIbIIME 3HAYCHHSA.

Hax omopamu M; u mexay onopamn My B ceuenmax, rae oHu HmeloT

IMonepednble ycHIns CleQyeT OnpeaenaTh B cedeHuAX obeyaiiku Hax

onopamu ;.

Mowment M; uan i -i onopoii:
JUIS CXEMBI onupaHus 1o puc.9.1,a

2
qe
Ml =M2 =T_Mo;

VIS CXEMBbI OnUpaHus mo puc.9.1,6

2 2
I . .

max{%—Mo;qT'}—dzzﬂl:lm:n

M, =
12

B4 _opmi=2..n-1
8
MaxkcuMabHbIH MOMEHT il*f,j- MEXTY OTopaMu i U J :

IUIA CXEMBI ONMpaHuA no puc.9.1,a

2
M, =M, +F{§—1)—%(§+%H} ;

MB- - IUISL CXEMBI OITUpaHHs Mo pHc.9.2,6 - He onpenensercs.

[NonepeyHoe ycunue B ceueHuu o6ONIOUKH Hal 1 -i ONOpoii:
JUTA CXEMBI ONTUpaHUA No puc.9.1,a

L-2a
Q1=Q2=F1_T—?
L+§H

IUIA CXEMBI ONUPaHHA 1o puc.9.1,6

Q, ~0,5F,.

9.4)

9.5)

9.6)

©.7)

9.8)

B ciywae pacdera TrOpM3OHTAIBHBIX COCYAOB M AanmaparoB ¢

NEPEMEHHBIMH IHAMETPAaMH M NPOU3BOJBHBIM PAaClOJIOKECHHEM ONOP B
Ka4eCTBE PacUCTHON CXEMBbI I ONpeJesicHHs ONOPHBIX YCHIMH, MOMEHTOB H
MONEPEeYHbIX YCWIMH HaJ ONOpaMH NPUHHMAIOT KaK OanKy nepeMeHHOro

© Acconuanus «Pocrexakcnepruzan
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KOJBIIEBOTO CEYEHHS, IIAPHHPHO ONEPTYI0 B MECTAaX PACIONOXEHHs ONOp
(puc.9.3).

N
T LR
My by ¥ Mo,
1-'5 2
| | .
GYG,1G G‘”G ”G T
L[| 77| ©2[% 76 'G5 'Gs Gy | [Gisf|Givz G
[F
(121
A
Im
li+1
liva
|

Puc. 9.3. Pacyernas cxeMa rOpH30HTaJILHOTO COCY/a (annapara) Ha
CEUTOBBIX OMOpax

Gy G

37IEMEHTOB COCYZla C YYETOM 3alOTHAEMOHN JKHAKOCTH, H30JIALMH, BHEIIHHX H
BHYTPEHHHX YCTPOHCTB, ILIOIIAAOK U Jp.;

F,, F, - onopubie Harpysku;

COCPENOTOYEHHbIE BECOBbIE HAarpy3kH OT Beca

n

I5,.....In — paccrosHMe oT Kpas cocyia OO UEHTPa IPHIOCKEHHS
HArpYy3KH;

Iz s Iz, - paccTosHue OT Kpast COCyAIa 10 OMOPHO# HArPy3KH.

K KOHLAaM pacyeTHOH MOIENH MPHKIAAbIBAIOTCS KPAeBble MOMEHTHI

M 11} M(ln 7 0
H , OlpenenseMble CMEIIEHHEM TOPH3OHTANBHON COCTABIAIOIIEH
CHJIbI THAPOCTaTHYECKOrO JaBIECHUA OTHOCHTENBHO OCH obOeuaiikh, B MecTe
PacronokeHHus CeUIOBOH onophl [45]:
D:‘l 2
M 1 0m) =$p. 7 ‘64; .
> 9.9

D, o "
rae  F'@ . nuamerp ofeuaiixu B Mecre pacnonoxenus 1(2)-oi
CEJIOBOH OMOpHI;

c. K09 PHUHEHT 3aNOTHEHHA COCYAA XHIKOCTBIO;
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S . KO3 GHLMEHT 3aMOJHEHUS COCYAA XKUAKOCTBIO;

P
- IUVIOTHOCTD XHIAKOCTH.

OnpenesicHHEe TPHBENECHHBIX HAIPY30K H DACCTOSHHA A0 LEHTpa
TAXKECTH OTACNBHBIX JJIEMEHTOB COCYIOB (ammaparoB) IPHBEAEHO B
ITpunoxennu 3.

Iocne onpenencHus BecoBbix Harpy3ok Gi, MHMH I, Lgye) 3nemedToB
COCyZJa H KpaeBbIX MOMEHTOB Myjqn) ONPENENAIOTCA CHIBI M MOMEHTHI Haj
OIOpaMH.

B cinyyae npumeHeHHs AByX onop

n n
_MOI+M0n_ZGi1i+ZGi1F2 "
F, = = = ;F2=2Gi—Fl;
ln -1 Fl i=1
nl n
Mg = ZG:‘(IFI - Ii)— My Mg, =_2Gi(1i - 1F2)+ M,, (.10
i=1 i=n2
TAE n; — HOMEP NMOCICIHErO YIEMEHTa niepel /-oi onopoii; n; — HoMep
HEPBOrO JIEMEHTA MOCIIE BTOPOii OMOPEL.
ITonepeyHoe ycHiHe B cedeHHH 00OIOYKH HAl ONOPaMH:

Q= maX{'Z'G.-; (5 —"Z'G.o}; 0, =max{iG,.;(F2 - ic,.)} .11

i=l i=1 i=n2 i=n2

B cayuae mnpumeHeHus 3-x u Gonee ONMOp pacyeTHHIC YCHIHA
ONpeNeAIOTCA IO IPAaBHIAM CTPOMTENBHOH MEXaHHKH KaK CTaTHYECKH
HEOTPEIEITHMYIO CHCTEMY.

9.1.2. Hecywaa cnocobnocms obeuaiiku 8 obracmu onopHozo
yana

Ha puc.9.4 npencraBieHa pacueTHas cxeMa CEIIOBOH Omophl Ge3
KOJIeIl KECTKOCTH.

Puc.9.4. Ceanosas onopa 6e3 konel KeCTKOCTH
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9.1.2.1 Lunundpuueckan obeuaiixa 6e3 nOOKIAOHBIX
AUCMOB U KOREY HNCeCmKOoCmu
Ycnosus npumenenus pactemnvix gpopmyn:

60° <5 ,<180°; ~=C

<0,05 9.12)

Hecymas cnocobHocts mpoBepserca B Toukax (2) H (3) xaxzmoit
OIOPEI B OCEBOM U OKPY>KHOM HAIPaBJICHUAX COOTBETCTBEHHO.

Jlna onpenencHHs AOMYCKaeMbIX OMOpHLIX YCWIMH HeOOXOAMMO
onpenenuTs Ko3(¢HIHEHTH, YYHTHIBAIOIIHE OCOOCHHOCTH TEOMETPHH H
PacroIokKEHHA OMop.

IMapamerp, onpeenseMblii INKPUHOHN MOACA ONOPHI:

b
=09l ——
d VD(s-¢)

Ko3¢duuueHTsl, y4YHTHIBAIOUIHE BJIMAHHE IIMPHHBI NOACAa OMOPSHI

(9.13)

(0 | NoACTaBNAOT B pajyManax):

_ﬁ -
K= max{ﬂ; 0,25}; (9.19)
B
e B
K, = 1-eTcosf, (9.15)
A
1
K, = » . (9.16)

1+O,63J b -26,
s—c D

K03 HUHENTH], yIUTLIBAIOMME BIMAHHE YIJIa OXBaTa ONOphI (O 1
NOACTABIIAIOT B pajiHaHaX):
- 1,15-0,14325 , . ©.17)
27 sin(0,56 ,)

max{1,7——%; 0}
7[ .

(9.18)

K -
B sin(0,55 ,)
_145-0435,

= 9.19)
sin(0,56 |)
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5 . 9.20
Kjg=—r—r— (920

IMapameTp, onpenenseMblil pacCTOAHHEM A0 JHHINA:

a Ss—=C
=283~ [~——= ©.21)
r DY D
KosdpuumeHTE!, yIHTHIBAIOLLIHE BIIMSHME PACCTOAHMA 10 AHULIA:
0,87 +6
K, = min{l,O; —5"—7} ; (9.22)
1

K, =1__°’65_2 _r_. (9.23)
1+(67) V36,

Ob6mee oceBoe MeMOpaHHOE HaNpskeHHE H3rnba B 06IaCTH ONIOPHOTO

y3na:
— 4M .
=—>t (9.24)
7 D*(s-c¢)
IMpenensHoe HanpsxeHHe H3ruba:
n
[ai ] =K, [a]—T ) (9.25)
K,
roe
21_gq2
1+33 23 9911 3z)z+1_1_ K, 20mpu8,#0|
K,= 39 (1+3.9,.92) ’

1,51-93) npud =0
{1,2 — Ona pabouux ycnosuii
K, =

1,0 — ons ycnosuti ucnvimanus u Mowmaxca.

Jiin ompexeneuns [0,] B pacuerHbx Toukax Homoms3yioTCA
snavenns F, u & ,, npusenennsie B tabmune 9.1. s $ , npuHAMAalOT

cootserctBeHHO & ,, Wi §,,, IAOME HauMeHblee MPEICTbHOE
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Hanpsxenve wiruba. Ilpu 9, <0 npunumaercs 9, =|.92|, a 3HaK

k03(:duumenTa §, MEHACTCA Ha MPOTHBOIOIOXKHAIH.

Tabauua 9.1
Pacuernas _
TOYKa J 1 g 21 (p=0) s 22
23-K,,-K . K pb -‘.,]~ K,
2 _023: Ky Ky —Ome («s—c) 7 ) o]
K, K nr [0']
3 _ 0,53K,, 0 pD K,
K, K- Ky, -sin(0,56 ) As—c) n,lo]

JonyckaemMoe ONOpPHOE YCHJIHE OT Harpy)keHHs B OCEBOM
HanpapieHHH B T.2 (puc.9.4):

[F] 0,7 [o, ]ZJD(S c)(s—c)

KIOKlZ

(9.26)

JomyckaeMoe ONOpHOE YCHIHE OT HarpyKeHHs B OKPYXHOM
HarnpasieHHH B 1.3 (puc.9.4):

09[0,1,¥D(s —c)(s —c)

Fl. = 9.27)
[ ]3 K, K- K

VYcnosue 1poyHocTH 06evaiiki Hax OMOpoH:
F, <min{[F],.[F];} (9.28)

O¢dexkTHBHOE OCEBOE  YCHIME OT MECTHRIX  MeMOpaHHBIX
HanpsKEeHHH:

D
F=FZ /(S oo ke K (9.29)

Ycnosne ycToH4HBOCTH:
I, M, F (Q )
b i ) o

rac Aonyckaemele Harpysku [pl, [M], [F], [Q] onpegmemsrorcs us
pacyera JIeMEHTa COCy/1a, HaXOAAIErocs Haja onopo# (cM.m.3).
Hna  cocynos, pa6oTaiomiux TNOA BHYTPEHHHM  H30bITOUHBIM
JIaBJIcHHeM, npHHuMaetcs p=0.
© Accounaums «Poctexakcnepruza»
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9122 Lurunopuyeckas obeuaiixa ¢ nOOKIGOHLIMY
Aucmamu

Honoanumenvhble  yciosus  npuMeHeHus  pacyemHulx
dopmyn:

s,25; 8,>206,+20°. (9.31)

Hpﬂ BBINIOJIHCHHH YCJIIOBUA:

b,2K,,-D+15b (9.32)
YCIIOBHE NIPOYHOCTH 06€4akKy HaJ OMOPOH:
F, <1,5min{F],,[F],} (933)

B cinyuae HeBbimONHeHHs yciaoBus (9.32) nposepka Hecyluei
€IOCOOHOCTH NPOBEPAETCA I CIEAYIOMX CITy4aes:

IMonxmanHo# AKCT paccMaTpUBacTCs KaK ceAioBas oropa MHpHHO#H b,
H YTIOM OXBaTa 51, TIPH 3TOM TOJIIHHY NOAKJIAZHOIO JIMCTa HC YYHTBIBAIOT.

IlonxnanHo# JMCT pacCMaTPHBAETCA KAaK YCHICHHE CTEHKH COCYyAa,
NpH 3TOM BO BceX (GOpMyZiax NpH pacyeTe AOMYCKAaeMBIX YCHIMH BMECTO
(s —¢) cnemyer noncraBaATE:

(9.34)

B

VcroituBocTE  BO BceX ciydasx mnposepsaioT mo (9.30) ©Oes
YBEIHYCHHA TOJIUIMHBI CTCHKH.

9.1.2.3. Lunundpuyecxkas obeuaiixa ¢ KOIbYOM HCeCmKOCmu
& obracmu onopHozo yna

Ha puc9.5 npeacraBneHa pacdeTHas cxeMa CEIOBOH OIOPHI C
KOJIBLIOM >KECTKOCTH B 00JIaCTH OTIOPHOTO y31a.

Puc.9.5. Cennoras onopa ¢ KOJNBIOM KECTKOCTH

© Acconmaims «PocTexdKCnepTH3an
© Hayuno-Texumnyeckoe npeanpustie Tpy6onposoa (OO0 «HTII TpyGonposoa») 87



CA 03-004-07 (CTIT 10-04-02)

YcnoBHe MNPOYHOCTH COCYAOB, paboTAalOmMX IIOA BHYTPEHHHM
H30BITOUHBIM JI&BJ'ICHMCM‘

pD < [o] (9.35)
4s - c) z D? (s
YCTOHYNBOCTD npoacpaerca no (9.30), npunumas F=0.
b dexrnHas TomuuHa S, u pwHa [, obevaiiu:

s, =(s— c)(l - ﬂ} [o] (9.36)
4s - <)ol )[o],
. { 4,
{, =mingt + 4,/ D(s —¢); ) (9.37)
se

rae A, onpenemsiercs no rabmuue 3.2.

IpoyHoCTh KOJBLA XKECTKOCTH, PACIONOXKEHHOTO CHAapyXKH cOCyAaa
o6ecrieynBaeTcs BBITOJIHEHHEM YCIIOBHUA:

F < K18 [MT h

S—— 9.38
""(05D+s+e,) 639

HpO‘{HOCTb KOJIpla JXECTKOCTH, PpacCIOJIOXXCHHOI0O BHYTPH COCyAa
ofecrnevynBaeTcs BhINOITHEHHEM YCnOBHA:

Kls[M }P
T (051) e,)

Heurpam,l-lax 0OCb, NpOXoasAllas Ha pacCTOAHHH e4 OT NMOBCPXHOCTH

(9.39)

obeyaiky, pasaenseT IUIOMA b IONEPEYHOro CeYeHNs NpoQHIA Ha ABE paBHBIE
YacTH.

th onpe;[emle'rcx B 3aBHCHMOCTH OT yr.na OoXBaTa Ol'lopbl H €€ BHJa 1o
tabauue 9.2.

Tabnuua 9.2
Kis
51 ceIoBas onopa co oropa B BHJE IBYX
OTIAENBHO CTOAILHX
CILUTIOIIHBIM CEYEHHEM
CTOJIOMKOB
60° 14 -
%0 21 20
120° 33 e
150° 56 <
180° 103 -
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[M T], €, ONpeAeNseTcs B 3aBUCHMOCTH OT CEYCHHA KOMbL@ 1O

Tabnauue 9.3. Ilpu 5TOM pa3Meps Kolsiel| XKECTKOCTH NPHHUMAIOTCA C YYETOM

CYMMapHO# ipu6aBku C, .

B cmyuae npumeHeHHs npo¢uis, He NpeACTaBIeHHOro B Ta61.9.3,

[M T] clIeyeT OnpenelaTh no hopMmyse:

[M;]=w,[5],

rae

(9.40)

IUIACTHYECKHUIH MOMEHT CONPOTHBIIEHHA IUIOLIAIH

TONEPEYHOro cedeHns Npodus, Bmoyas wiomans /S, .

Tabnuua 9.3

o . A
th-1s, 0,5[t(h—e,) +1te? +
2t + (2e4 +s, )lese ] [0'],,

0,5s,(h—e,) +s,e +
+(2e, +s,)Ls, +
+(2h—2e, +55)b,s,1[o ],
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Ceuenue
KOJIbIA

€,

[M,]

hs, +1s5+ 25,5 —1sg — 1 s,

2s,

u Psatiss 2(tsg +1.s,)

0,5, (A +s, ‘94)2 +5,(e, —5,)" +
+is,(2(h+5, —e)+55)+15,(2e, —55)+
+(2e4 +s¢)’¢3z][‘7]1

Is,—tsg Shs, +1sg <(tsg +1,s,)

hs, +1ts5 +1sg —1s,
2t
NpH

>

0,5[s h(2s, —2e, + h)+1(ss —e,)* +
+15,(2(h+5g —e,) +55)+1el +
+ (284 + sr )lese ] [O'L

hs, + 25,5, —tsg —1

S

e e

2s,
npu hs, > (Is, +

Iese)

1)

0,5[3,(h +5,~ e‘,)2 +s,(e, —ss)2 +
+155(2e, —5) + (234 + se)l(sz] [U]k

s,

hs, +1sg =15,
_—
2t
npH

—tsg) S hs, <(tsq +1,5,)

0,5[s.h(2s, —2e, + h)+1(s, —e,)* +
+1e? +(2e, +5,)s,)[o]
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Ceuenne
KOJTbIA €, [M T ]
2s,h+1s5—1.s, 092s,(h—e,) +2s.6% +(2e, +5,)Ls, +
4s, +(2h—2e, +s,)s,][o]):

9.1.3. Hecywana cnocobuocms obeuaiiku cocyoa mexicoy
ONOPHBIMU y3RaAMU

Juia  cocynoB, pabGoraloliMX NOA BHYTPEHHHM H30BITOYHBIM
AaBIEHHEM H OCEBBIM PaCTATHBAIOIHM YCHJIMEM, YCIOBHE MPOYHOCTH MUIA i-
TO 3JIEMEHTa B CJIy4ae WHIMHIPHYECKoH obeyaiku:

pD 1 AMK, )
Ft < , 941
As—c) ﬂD(s—c)( b slek ©-4

rae Ky = max{z; 1,0} - KO3 PUUHEHT, YUHTHIBAIOLINI YACTHYHOE
3aNOJIHEHHE JKHAKOCTBIO.

z=1,6—0,20924(w~1) + 0,028702w(w—1) + 0,4795-10> w(w —1) - 0,2391- 10 wy(w—1) —
-0,29936-1072(w—1)w? —0,85692-10~*(w—1)y* +0,88174- 10" w2(w—1)y —
~0,75955-107° y*(w—1)w+0,82748-10"* (w— 1)w* + 0,48168 -107°(w—1)y’

D L
y=—t; w="2, (9.42)
s—c D
I
rae L, - obwas miuna obeyaex Bcero cocyna, BKo9as OTBOPTOBKH
JHHUIL.

B cyuyae koHH4eckoii o6egaiiku:
4MK
PDy 1 F+ 2% | <ol 043)
4s—c) mDycosa(s—c) D, :
D,-D D
me D, =| D, +—2—1x|; D, =—%X.
K ( ! L ) * cosa

Ycnosue npo9HOCTH A1 00€9aiiKi 3aBHCHT OT TEKYILETO IOJIOXKEHHS
CEYEHHA H MPOBEpAETCA NO BceH JumHe dneMeHTa. OnpeneneHHe MonepeyHoro
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ycumus M M3rubaroliero MOMEHTa JUIA 3JIEMEHTOB COCYHOB (ammapartos),
PAacHONOKEHHBIX MEXTY ONIOPHBIMH y3i1aMH npuBeZieHo B [Ipunoxennu 4.

Jnsa 3neMeHTOB, paboTalommMX MNOA COBMECTHBIM  JEHCTBHEM
HapyXHOT'0 JaBJIeHHs, OCEBOTO CKMMAIOILIEro YCWINS, M3rubaioliero MOMEHTa
Y NONEPEYHOr0 YCHIHA YCIOBHE YCTOHYHBOCTH:

2
L+£+£+ Q2 <10, (9:49)
(p) [F] [M] \[Q]

rae JoIycKaemele Harpyskd [p], [M], [F ], [O] onpenenstoTca u3
pacyeTa COOTBETCTBYIOIIUX IEMEHTOB cocyaa (cM.nm.3,7).

Jnga cocynoB, paboTalollyX 1NOA BHYTPEHHHMM  HM30BITOYHBIM
JlaBJICHHEM, NpuHUMaeTcsa p=0.

9.2. BepmuxkaibHsie cocyOsl u annapamsl Ha ONOPHBIX
aanax

Pacyer Ha nNpPOYHOCTb H YCTOHYMBOCTb LMIHHAPHYECKMX HIIH
KOHMYeCKHX 00eyaeK BEPTHKAIBHBIX COCYJIOB W aNNapaTtoB OT BO3ACHCTBHA
ONOPHBIX YCIIHI MPOBOAUTCS Ha oCHOBaHMHM [4]. B ominune ot [4] B popmyne
(9.39) mna onpeneneHHs ycwiMs, NEHCTBYIOLIEro Ha OMOPHYIO jamy i 3
onop, B 3HameHatene BMecto 0,866 moxcrapnsercs 0,75.

9.2.1. Pacuemnan cxema

Ha puc9.6 nokasaHsl pacyeTHble CX€Mbl ONODHBIX  JIam,
NPHUCOEAMHEHHBIX K LIWIMHAPUYECKAM MIH KOHHYECKMM O0euaikam.

Puc.9.6. OnopHsle namnst
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Ycnosusn npumenenus pacuemnvix gpopmyn:

s—~C
<0,05, (9.45)
P
e o DD— 6 cayuae yunuHopuyeckux obeyaex, . DK - nuamerp
® X _ ¢ caynae xonuueckux obeuaex.
cosa

KOHHYECKOMH 00e9aiiki B MeCTe paclonOoXKEHHs OIop.
[Ipu HaNTMYHK TOAKJIAAHOrO JIUCTA:

s,2s8; g202h; b,20,6b,; b,<15h (9.46)
Ipu b, <0,6b, 3nauenue [F ]] , nomydeHHoe mo (9.57),
HEO0XOAMMO YMHOXHTE Ha | 0,4 + b_z
3
9.2.2. Onpedenenue pacuemnvix ycunuii

VYeunue, AeHCTBYyIOMIEE Ha ONOPHYIO J1army:

G,___M —onan=2un=4;
Ik D+2(e, +s+s,) , (9.47)
e M

et ~onan=3.
370,750+ 2(e, +5+5,)) ons n

rae G - ofias BecoBas Harpyska 31EMEHTOB COCYAd, BKITIOHAs BEC
KHJKOCTH, BHYTPEHHHX H BHELUHUX YCTPOHCTB.
B ciydae xoHmdecknx obevaek npunumaercs D = D, .

Ecnu ToyHOE 3HaUYeHHE el HEHU3BECTHO, TO MPUHUMACTCA e] = ll .

Ipy Hanmwauu MoMenta M anmapat Q0MyCKaeTcs yCTaHAaBIMBATh Ha
JIBE OTIOPHI PH YCIIOBUH JEHCTBHA MOMEHTA B IUIOCKOCTH OIIOP.

Ipn kommuectBe onop # =4, ofecneYHBAIOIHX PABHOMEPHOE
pacrpeieneHHe Harpy30K MexXIy BCEMH OHNOPHBIMH JanaMH (TOYHBIH MOHTaX,

yCTaHOBKa NPOK/IanoOK, MOMIHBKA OETOHA M T.IL.), YCHIHE Ha ONOPHYIO Jamy
OMnpenesAeTcs KakK:

G M
Fi=—+
4 D+2e +s+s,)

(9.48)

9.2.3. Hecywas cnocobnocmp obeuaiiku

Hecymas cocobHocth 06eyaiiky B MECTe NPUBAPKH ONMOPHOH JIambl
6¢3 MOAKIAAHOTO JIHCTA ONPEAEIAETCS BHIIOJHEHHEM YCIOBHS:
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2
F, <[F], =Lﬂh‘l¥— (9.49)
71

Ipu hi <0,5 3nauenme [F ], , nomydennoe 1o (9.49), Heo6xommmo
I

YMHOXHTE Ha (0,5 +&
h

Koapduument K, onpenensercs B 3aBUCHMOCTH OT KOHCTPYKIHH
OMNOPHOH JIATEI.
J1is KOHCTPYKLMH, COOTBETCTBYIOIMX PHC.9.6,a,B:

K,=z, (9.50)
roe
Inz = (-5,964 —11,395x — 18,984y — 2,413x* ~ 7,286y — 2,042y* + 0,1322x* +

D
+0,4833x%y +0,8469x)% +1,428)°)-107%; x= E_ |l y=In i.
2(s—c) D,

JI1A KOHCTPYKLHH, COOTBETCTBYIOIKX PHC.9.6,6:

K, = min(y,z), ©.51)

) i (]

Inu = (~26,791-6,936x — 36,330y - 3,503x* —3,357xy + 2,786)" +0,2267x +
+0,2831x’y +0,3851x)? +1,3705°)-1072;

x, y; z onpexemmorcs no (9.50).

JU1s1 KOHCTPYKLMH, COOTBETCTBYIOLIMX PHUC.9.6,r:

InK, =(-29,532-45,958x - 91,759y —1,801x" ~12,062xy — 18,872y + (9.52)
+0,1551¢% +1,617x%y + 3,736xy” +1,425y°)-107%;

x=11:{ D ); y=1n—lz‘-.
2(s-c¢) D

4

IIpenenbHoe HanpspkeHne H3ruba [0',.] onpenenserca mo (9.25),
" npuuem K, semmcnsior mpn & =0,3;

9, =K, ﬁ]; ©.53)

3HaueHHe MeMOPaHHOrO HanpXKEHHA O ,» 3aBHCHT OT KOHCTPYKLHH
OIIOPBI,
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Jlas onop, COOTBETCTBYIOMMUX pHC.9.6,a,6,8:

— D
=P (9.54)
2(s—¢)
Jlna onopel 1o puc.9.6,r B cyyae nuIMHAPHYECKOH obedaiikH:
— D
om=—t L g AM (9.55)
4(—-c) nD(s-c) D

B ClTy4ae KOHHYECKOH obeuaiiku:

S PP | 1 FiM (9.56)
4(s~c)cosa n Dy cosa(s—c) D,

Hecymas cioco6HoCTh 00e4aiiki B MecTe NpHBApKH ONOPHOMH JIAITBI C
MOJKIATHBIM JIHCTOM OMpENEIACTCS BhIOIHEHHEM YCIOBHS:

_ [ai]bS(s _C)2
F <[F] = X (o 75) ©.57)

3nauenue koadduumenta K :
K, =min(v,z), (9.58)

rac
Inv = (—49,919-39,119x 107,01y, — 1,693x* —11,920xy, —39,276y] +0,237x’ + 1,608x"y, +

+2,761x72 —3,854y7)-10°%; y, = il
DF
x;, 2z ompeaemsorcs no (9.50).

Ipeaensoe Hanpskenue usruba [O',.] onpeaensierca no (9.25),

npugem K| Buaucnsior npu 9, =0,4; 9, -10(9.53).

9.3. Bepmuxansnsie cocydst u annapamsl Ha OROPHBIX
cmoukax

Pacyer Ha NPOYHOCTh H YCTOMYHBOCTE BBIMYKALIX M KOHHYECKHX JHMIIL
BEPTHKAIBHBIX COCYAOB M aNmapaToB OT BO3ACHCTBHS OMNOPHBIX YCHIIHIA
npoBoauTcs Ha ocHoBaHuM [4] u [14]. B ornuuue ot [4] u [14] dopmynax
(9.59), (9.65) s onpexneneHus ycHius, ASHCTBYIOWErO HA ONOPH A N=3, a
Talke B ¢opmynax (9.61), (9.67), (9.68) B 3namenarene Bmecro 0,866
noacrasisercs 0,75.
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9.3.1.  Pacuemnsie cxemst

Ha puc9.7 mokasaHn pacyeTHBIE CXEMBI ONOPHBIX  CTOEK,
MPHCOEAHHEHHBIX K BBIYKIbIM H KOHHYECKMM THHILAM.

Puc.9.7. OnopHbie cTOHKH
a, 6 — CTOHKH KpYTJIOTO CEYEHHR; B, T - ONOPHI-CTOHKH 10 [27]

Obaacmb npumenenus pacyemuuvix opmyn:
cocyasl pafoTaloT Mog ACHCTBHEM BHYTPEHHETO H3GBITOYHOrO
JABJICHHA.

9.3.2. Bwuinyxnoe onuuie Ha OnOPHBIX CMOUKAX KPY21020 CEYEHUR

Hononnumenvhvie ycnoeus npuUMEHeHUs  pacyemmHvlx
dopmyn:
- nuamerp noaxnagHoro nucta d; <1,6d, ;

- K TopocdepuyecKMM [HHWOIAM OMOPHbIE CTOHKH JOJDKHBI
NPHCOEAMHATHCA B 00JACTH cepHUECKOro CerMeHTa, K JJUIHITTHYECKHMM — B

o6nactu d, <0,8D;
- B3aHMHOE TTepeMellIeHHE HAKIIOHHBIX CTOEK HCKITIOYEHO.,

© Accounanus «PocTexakcnepTuian
96 © Hayuno-texnuueckoe npeanpustue TpyGonposoa (OO0 «HTIT TpyGonposoii»)



CA 03-004-07 (CTTI 10-04-02)
9.3.2.1. Onpedenenue pacuemnbix ycunuti

BepTHkanbHOe ycHiHe, AHCTBYIOMIEE HA ONOPHYIO CTOMKY:
G M

—+— -—omn=4¢
F=l2 (9.59)
16 M

—+ —-oaan=3.

3 0,75d,

Ilpn xommuectBe croek n=4, 00eCHEYHBAIOLIMX pABHOMEPHOE
pacnpe/ic/ieHHe Harpy30K MEXAy BCEMH ONOPHBIMH JlaniaMH (TOYHBIH MOHTax,
YCTaHOBKa NMPOKJIAIOK, MOIHBKA 6ETOHA M T.I1.), YCHIHE ONPENENAETCS KaK:

=T+ (9.60)
4

Jeficteue Momenta M nomyckaeTca TOIBKO B TOM CJIydae, €CIH
OIMOPHBIE CTOMKH CBA3aHBl MEXAY COOO# KeCTKOH paMo#, MpensTCTBYIOLIeH
B3aHMHOMY NEPEMEILCHHIO CTOEK.

ITpy 3TOM JO/DKHO GLITH BEIMIONIHEHO YCIOBHE:

G M
—>— -0 =4,
274, " (9.61)
G > M onmn=3.
30,754,
9322 Hecywasa cnocobrocmb onuma

Hecymias cnoco6HOCT BHIMYKIOrO JHHIJA B MECTE€ IPHBApPKH
OTIOPHO# CTOHKH OMNpenensercs BHIIIOJIHEHHEM YCIIOBHIA:

F <[F]; (9.62)

rd?

F-p
4 14
++—< 1,0 s
Fl I

me  [F] =1,57[c)s, - <)

(9.63)

cos d?
cos(a = ﬂ) 1+3 r, (sl - c)

JIOITyCKaeMOE€ BEPTHKAIbHOE YCHIIHE;
d {d2 ~ OnA onopHvIX cmoek 6e3 NOOKNAOHoD AUCMmA,

e =

d, — 0N ONOPHBIX CMOEK C NOOKAAOHBIM NUCMOM,

[p]l - IOIyCKaeMOe BHYTpEeHHee H30BITOYHOE JaBICHHE B CPEAMHHOM
4aCTH BBIIYKJIOTO JHHIIA, ONpeeNnseMoe no n.4;

© Accounaums «PoCcTeX3KCnepTH3a»
© Hayuno-Texuuieckoe npeanpustue TpyGonposoa (000 «HTII Tpy6onposom») 97



CA 03-004-07 (CTTI 10-04-02)

¥,, U O , ONpPEIENAETCA B COOTBETCTBHH C Tabnuiiei 9.4.

Ta6nuua 9.4
Bup aauma
- DnUnTHYecKoe T
Coepu O LIHIITHYECKOe NYECK opocdepuueckoe
4ecKoe I IHHAIE C JHHINEG THIIOB
nHHIE Sl H =025D A B]C
2
D 1 dzDz—4H2 2D l_g(ﬂ)
D 2HY Dt 4D
r, — 1 1 D
2 1+ T 1+ 09D | 08D
1 2ot e CAY
D 4\ D
d,
d
sina,| d, - = = 3(d. \
- | D _pD=4H 2D f1-~ = 4, d, d,
D 2wV % T 4\ D 2D | 18D | 16D
9.3.3. Jaaunmuuecxoe onuwe na onopax-cmoirax

PacyerHas cxema OMOp-CTOEK, MPHCOCAMHEHHBIX K JUIMIITHYECKOMY
JHUIY NpencTaBieHa Ha puc.9.7,s.

Llonoanumenvrole

gopmyn:

ycaoeusn

NPUMEHEHUS.  PAcYemHbiX

00035 3= <0023 %5073 015 0355 B2 123420685 5, 25, (964)
D

9.3.3.1.

Onpedenenue pacuemnvix ycunuil

BeprukansHoe YCHIHE, IEHCTBYIOIIEE HAa ONOPY-CTOHKY:

E+M —-oaman=4

2 d,

g —Ai— -oaan=3.
3 0,754,

(9.65)

rae F >0 npu BHemHe#t oceBoii cxumaromeii Harpyske; F <0
MIpH BHELHEH 0CEBOH PaCTATMBAIOMICH HAarpys3Ke;

Ilpu xommuectBe croek M =4, 0BGecneYHBAIOMX paBHOMEPHOE
pacnpeesieHHe Harpy30K MeXIy BCEMH ONOPHBIMH NanaMH (TOUHBIA MOHTAX,
YCTaHOBKa TIPOKIAMIOK, [TO/UIMBKA GETOHA M T.11.), yCHIIKE ONPEAENAETCA KaK:
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F=2,4 (9.66)
4 4

[lpu neiictBuu u3rubaromero MomenTa M HEO6XOMMMO BEIOIHUTH
pacyeT Ha Mpo4HOCTh QYHAaMeHTHOro Gonra or HEHCTBHA PaCTATHBAIOLIErO
yowms:

M_G —ommn=4
Fo- d 2 9.67)
' M G
—— -—oman=3.
0,75, 3

Ilpu BBIIONHEHNH YCIIOBHSA:

G M

E>d—‘ —-onan=4, (9.68)
—G—>L —-ommn=3.

3 0,75d,

pacier Ha MNPOYHOCTh (YHAAMEHTHOro OONTa MPOH3BOTHTH He
Tpebyerca.

MepuavosanbHbii MOMEHT, NepeiaBacMbiii Ha JHMIE ONOPHOH
CTOHKOIA:

M, =%Fl(b, -b+k) (9.69

9.3.3.2. Hecywas cnocobrocmys onuwa

Hecymax CcocoOHOCTh AHHIIA UId ONoOp-CTOCK  ONPERCIACTCA
BBITIOJJHCHHEM YCIIOBHA

Ficosa, M,  p |, (9.70)
Rl [M] [p]

rae [p] — momycxaemoe BHYTpEHHEE NaBIICHHE, OMNpeEENseMoe 10
n4.2.

Q@ , oOnpeAendeTcas B COOTBETCTBHH ¢ Tabmuued 9.4, rae
d,=d, +2b,-k-b,.

IIonycxaemoe HOPMaAJIBHOC ycunue JU HETMIOAKPCILUICHHOTO
SJUIMOTHYCCKOro JHHIA:

k,m,(0,2+d—")
[Fl=—— 2/, 9.71)

np
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2
Ro,z (s—c)

rAc m,=—— - l'IpeJIeJIBHBlﬁ MOMCHT COIIPDOTHBIICHHA,

4
{2,4 - 0aa pabouezo pexcuma,

ko3¢duuueHT 3amaca

n
" |18 - 018 pexcuma ucneimanui

IIPOYHOCTH. :
Jlonyckaembiii MEPHIHOHATBHBIH MOMEHT RJIS HENOAKPEIUIEHHOTO
SJUTHITHYECKOTO THUILA:

kzm,D(0,2 + %J
[M,]= 9.72)

Prp

Koopduumentst k, u k, B 3aBHCHMOCTH OT OTHOCHTENBHOM

(s-¢)
TOJIIHHBI JHHIIA ———— H OTHOCHTCJIBbHOH JJIHHbI JIHHHH KOHTAKTa OIOPLI €

/

JHHULEM -5 onpeaensoTcs no puc.9.8 u 9.9 coorBeTCTBEHHO.

JINMHa THHUM KOHTAKTa OMOPHI C JHHILEM:

P (i) 9.73)
cosa,
k, o -
220 ’—1‘)£=o,003 —
/
200
// 0,004 [
180 /.f' /' .005 ,?’"
ponem
180 - " ™ B
) Y -
140 =
/ 4-"/ 401
/ // g"""'—/ 0 1"
100 > " e
80 1% -] A et
; ——
60 - — ="
-~ "
40 4 ——
20 7
0.1 02 03 5
Puc.9.8
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k.z'
28
24 225 = 0,003 A
p7) D 2
0,004 7
20 A Ao
18 / 000571,
5 "V o006~
U
. ,/49600810,017 _
7 1
1 /??%0,0&&
10 - 002 |
// ]
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- /
—
0.1 02 03 L
D

Puc.9.9

Jonyckaemoe  HOpMaTBHOE  YCHIHE IS TOJKDPEILIEHHOTO
HNOAKJIAJHBIM JIACTOM 3JUTHIITHYECKOTO JHHMIIA:

d
kke,m,, (0,2 + 5‘)

[F]= 9.74)
np

JomyckaeMbli  MepUIMOHANBHBIA MOMEHT Ui MOJKPEILUIEHHOIO
NOJK/IaJHBIM JIHCTOM SJUIHITTHYECKOTO JHHILA:

d
kzk,,mTD(O,Z + —Di)

[M]= 9.75)
np
Koadpduuuents: k; u k, onpemensiores mo puc.9.10 u 9.11

COOTBCTCTBCHHO.
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9.3.4. Komnuueckoe Onuuie Ha onopax-cmoiKax

PacuerHas cxeMa OINOp-CTOECK, NPHCOEIHHCHHBIX K KOHHYECKOMY
JHMILY MpeACTaBlicHa Ha pHc.9.7,r.
,llO’lO]lHumeﬂbele YCAO6UAA  RNPUMEHEHUA  pAacYemHblx

dopmyn:
0,002 < 5-c
D,

P I4

. . . . . 0 0
<002’ 01<L <04 B2 42048} 5,25} 60° <22 <120 (9.76)

rae p - d,+2b, —k—b _ pacuernbiii uamerp.
’ cosa

9.34.1. Onpedenenue pacuemuuix ycunui

PacueTHple YCHIIMS M MOMEHTHI, JCHCTBYIOLIME Ha OMOPY-CTOMHKY,
onpenensoT no popmyinam (9.65-9.69).

9.34.2. Hecywas cnocobrocms onuwa

Hecymas cnocoGHOCTE [HMINA JUIA OMOP-CTOEK OIpeleiAeTCs
BBITIOJIHEHUEM YCIOBHA:

Fsina M,  p (9.77)

[F1 M) [p]

rae [p] — nomyckaeMoe BHYTpEHHEE JaBJIEHHE, ONpeiesiieMOoe Mo 11.7.

JonmyckaeMoe  HOpMaJIbHOE YCWIME IS  HENOJKPEILICHHOTO
KOHHYECKOTO JTHHIIA!

(F,) =X, (9.78)

p

2
THE = Ry (s-¢)" _ MpeACIbHBIA MOMEHT CONIPOTHBIICHHS;

kod¢duuMesT  3amaca
np

2,4 - Ona pabouezo pesxcuma,
n =
1,8 — ona pexcuma ucneimanudi

MPOYHOCTH.
JomyckaeMblii MEPHAMOHAIBHBIH MOMEHT IS HEMOAKPEILICHHOTO
KOHHYECKOTO JHHIIA:
ksm,.D
M, ]=—=2""~ 9.79)
n"P
Ko3¢puuuents k, H k, B 3aBHCHMOCTH OT OTHOCHTEJILHOM TOMILUMHbI

JHHUIOA (5—¢) W OTHOCUTENILHOM JIMHBI IMHHH KOHTAKTa OIOpHI ¢ AHMINEeM !
D, D »
onpeneaorca mo puc.9.12 u 9.13 cooTBeTCTBEHHO. '
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JUIHHA IMHHH KOHTAKTa ONOPbI C NHUIIEM:

b —k
/= g—l——) (9.80)
sina
kS [T 1
220 £ _0.002 ]
D? ' //
200 —
180 /,/ 0,003=—
160 ] //‘ | |
0,004
o A i
120 /! ol 0,005
d b // I =
100 — /,/ t 200067
]
A
60 /4/4 1 .,..------'/""''l'.'m-I 0,015
7 g P g — X
a0 zéféﬂff’ff’.—-—-—w—‘
T |
A i
01 02 03 — 04
D’
Puc.9.12
ke
30 y ¢
2 o 7
2% = 0,002 /
D, “
it A
x 0,003
22 Al
Y 0,004
2 // . ;,/
/| A 0,005
18 17 ¥
16 ,/ L/ /0,006 A
" A L~ /‘0'008/
" /////{ e
” LA+
: ===
4 "]
. 1
00'1 0.2 03 L o4
. , . 5, O
Puc.9.13
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lIonycxaeM()e HOPMAJIBHOC YCHIINE piais NMOAKPENIICHHOTO
NOAKIAAHBIM JIMCTOM KOHHYECKOI'O JHHUIIA:

k.k-m
_ Rshqr
[F]=—1"T (9.81)
Brp
JomyckaeMblii MEpHIMOHAJIBHBIH MOMEHT JUIA TIOJKPEILICHHOTO
NOAKIATHBIM JIUCTOM KOHHYECKOTQ JHHILIA;

kskym D,
M]=— = (9.82)
nnp
Kosdpduunents k, u k; onpenenstorcs no puc.9.14.
k;
T = |
15 ‘D':-n_aoz 7 18 ‘T-:'=°'m
' 15 -
4 ] v L
/ // 0,004t
t3 = 14 /, |
LA // 0.01// LA 1 0,01

L+ 1 ] 13 A = 002 _|

12 P = 2T 1 /////J’____/‘
;:// e '—.——"’;—"/——
11 =T
1
1 7 1 7
01 02 03 5 04 0 02 03 5 04
a 6
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10. Ykpeniienne oTBepcTHH

Pacyer Ha INpPOYHOCTb YKpEIUICHHA OTBEPCTHH NPOBOAMTCA Ha
OCHOBaHUH [5]. B ornmuse ot [5] npu onpeneneHHy MHHUMANBHLIX pa3MepOB
CBapHLIX IIBOB BMECTO PACHUCTHBIX BEIWYHH [UIMH H TOJILHH NOACTaBIAIOTCA

HCIIONHHUTEJILHEIC.
10.1. Pacuemnrsie cxembt

Ha puc.10.1 npencraBneHs! o0mue pacdeTHRIE CXEMBI COEIUHEHHSA
mtyuepa ¢ obedatikoii (a) 1 aHuLIEM (6).

a
Puc.10.1. PacyeTHble cXeMBI IITYIIEpa

Ilpenensl TNpHMEHEHMs pacyeTHHIX GOPMYlT H  HOMOIpaMM
OrpaHHYHBAIOTCA YCIOBHAMH, IPUBENEHHBIMH B Tabn. 10.1.

Ta6auua 10.1

VYcnosusa npuMeHeHHs GopMy A pacydeTa YKpPeIUIeHHS
OTBEPCTHH
HaumenoBanue s B KOHHYECKHX B JUIMNITHYECKUX
napaMeTpoB obeyvaiikax, chepuyeckux u
IIWIHHPHYECKHX
oBeuaiikax nepexojax HiIx TopochepHIECKHX
JIHHIIAX JHHIIAX
Omnowenne | 4, —2¢, <10 d, —2c, <1.0 d, -2, <06
- ~ =5 - A =Y
ZHaMETPOB D D, D
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OrtHolEeHHE
TOJIIUHE
CTEHKH s—c S_C< 0,1 s—c
obevaiky win D D, T cosa D
JHHINA K
AHAMETPY

INpuBeneHHBIE METONBI pacueTa HPUMEHMMBI IUIA  OINpeIeiIeHHs
pa3MEPOB YKPEIUIAIONIMX JNEMEHTOB, a TAaKXKe ONMyCKaeMbIX AaBJICHHH
IWIHHAPHYECKHX H KOHMYECKHX 00edaek, BBIMYKIBIX H KOHHYECKHX AHHIN C
KPYTJILIMH H OBIbHBIMK OTBEPCTHAMH.

Ilpp  3HaYeHMAX  OTHOIICHMH,  OPEBBIUAIONIMX  HPEZEsl,
ycranopieHHeie B Tabn. 10.1, pekoMeHIyeTcs HCMonb30BaTh CIELMATIBHbIE
METOABI pacdeTa Ha MPOYHOCTh YKPEIUICHHH OTBEPCTHI, B YaCTHOCTH METOJ
KOHEYHBIX 3JIEMEHTOB.

Ilpu ycraHOBKE HAKJIOHHBIX IITYLEPOB € KPYTOBBIM ITONEPEYHBIM
CedeHHeM HacTOSWMil MeTox mnpumeHuM, ecmd yron ) (puc.10.2,a) ne

npessiaer 45°, a oTHOmIEHMe OCei oOBambHOro oTBepcTHi d; M d
(puc.10.2,6) ynosneTsopseT yCIoBHIO:

4y, NP9

2

(10.1)

Puc.10.2. PacrionoxeHne HAKIOHHOTO IITYIEPa

OTH OrpaHHYeHHMs HE DAaclpOCTPaHAIOTCA Ha HAKIOHHBIC LITYLEPa,
OCh KOTOPBIX JIEXXHT B IUTIOCKOCTH MONEPEYHOTro ceueHus obeyaiiku (puc.10.3).

Puc.10.3. HawroHHsIH IITyLEp B INIOCKOCTH NONEPEYHOTO CEYCHHS
obeuaiiku
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Jnsg cMemieHHbIX (HELEHTPalbHbIX) IUTYLEPOB HA JUIMITHYCCKHX
JHHILAX YTOJI ¥ He JOJDKEeH NpeBbimarh 60°.

PaccrosHue OT Kpas IITylepa AC Kpasd BHCIIHEH TOBEPXHOCTH
cdeprueckoro HeoT6OPTOBAHHOTO H TOPOCHEPHUECKOrO AHHLIA, H3MEPSEMOe
MO NMPpOECKUHHU oﬁpasylomeﬁ Ha IUJIOCKOCTH OCHOBAHHA MHHINA, NOJDKHO OBITH HE
menee max{0.10(D +2s)0.09D +s}.

Mauible OTBEPCTHA, MAaMETP KOTOPBIX YAOBIETBOPAET YCIOBHIO:

d,< max{(s -¢);02D,(s - C)} (10.2)

OOIYCKAeTCA pa3MelaTh B KpacBOH 30HE BHIMYKIBIX JHHL[ Oe3
CTIELHAIBHBIX PACYETHBIX HIM SKCIIEPUMEHTANBHBIX OO0CHOBAHHIA.

B kpaeBoil 30HE DIIMNTHYECKHX M MONYC(EpPHYECKHMX JHMIL
ZOMyCKAaeTCs Pa3MELIIEHHE OTBEPCTHH Oe3 orpaHHYeHHIA.

10.2. Onpedenenue pacuemusix pazmepos u
Ko3gppuyuenmos

10.2.1. Pacuemmusie ouamempsl

PacueTHble AHaMeTpbl YKPEILLAEMBIX IEMEHTOB ONPENEIAIOTCA MO
¢dopmynam:
D , = D - nna uununapuueckoii obeqaiiku ¥ cepuuecKnX JHHII;

D_ =2R - ans Topocteprueckux JHULI BHE 30HB OTGOPTOBKH;

14
D, . .
D,, = - 15 KOHMYECKOH 0Geuaiiku, mepexoia WM IHKUIIA;
cosa
D? D*-4H?
D =— ]—4£—4)-x2 - JUIS JUTHITHYECKHX JTHHIL
P 2H D

PacueTHbIi TuaMeTp OTBEPCTHA B CTEHKe oOecdailku, mepexona WIH
JHHMINA TIPH HAIMYMH IITYLEpa C KPYMIbIM TNOINEPEYHBIM CEYCHHEM, OCh
KOTOpOro COBNAaJaeT ¢ HOPMAIbIO K IOBEPXHOCTH B LIEHTPE OTBEPCTHA, @ TAIOKE
JIEKHUT B IUIOCKOCTH MONEPEYHOr0 Ce4E€HHs LIMIMHAPHYIECKON HIIH KOHMYECKOM
obeyaiiku (puc.10.3):

d,=d+2, (103)

rae d = d - s HENPOXONAIIMX IITYLEPOB;

d=d+ 2s,(1-x,) - n1s npoxoasumux wryuepos (puc.10.6);
PacyetHniif 1MaMeTp OTBEpCTHS U1 IUTYLEpa C  KPYTJBIM

NONEPEeYHbIM CEYEHHEM NPH HATMYHMH OTOOPTOBKH WIH TOpoOoOpa3HoOil BCTaBKH
(pHuc.10.4):

© Accounauna «POCTEXIKCIIEPTH3AN
108 © Hayuyro-Texnnyeckoe npemmpustue TpySonposoza (000 «HTTI TpyGonposon»)



CA 03-004-07 (CTII 10-04-02)

d, =d+1,5(r—sp)+ 2c,, (10.4)
pD
rae §, = —————— - pacueTHas TO/ILUHHA CTEHKH obeyaiiku.
Adolp-p
d
|
Sy i
| ||<=
£ L -
BB ]
Ry
—-—-—--R]
[
a [}

Pnc.10.4. HItyuep c or60pTOBKOI (a) U TOpOOOpa3HO# BCTaBKO#M (6)

Ilpn HayMyMH HAaKIOHHOrO HITYLiEpa, KOrAa Oojblias OCh 0BAIBLHOIO
OTBEPCTHs COCTAaBIAET Yron @ ¢ obpasyromeil obeqaiikoit (puc.10.2),
PacYETHBIN qHAMETP OTBEPCTHA:

i 2 2
d,= (d+205 Xl +1g°ycos co) (10.5)
JU1s IWIHHAPHYECKHX H KOHHMYECKHX ofeuaex, Korga och LITyLepa

JIEXHUT B IUIOCKOCTH TIPOOMBHOTo cedenns obeuaiixu (@ = 0), a Taroke ms

BCEX OTBEPCTHH B clepHueckux M TopocdepuyeckuxX MHMILAX pacdeTHBIH
JHaMETP OTBEPCTHS:

_3+2cs

d,= (10.6)

cos’ y

PacyeTHbili AHaMeTP OBAILHOTO OTBEPCTHA JUIA NEPNEHAUKYJAPHO
PacnoJyoKEHHOro MTyLepa K MOBEpXHOCTH obeyaiku:

d =(Z+2(: sin2w+(;'+zc’xz+d—2+4c‘)cosza) (10.7)
’ ’ 2d; +2¢,f

Jna semyioteix quum @ = 0.
PacueTHplii gHaMerp OTBepCTHA CMEIIEHHOro IUTYIiEpa Ha
mMNTHYECKOM aHue (puc.10.1,6):
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d+ 2c,

(10.8)

Puc.10.5. CMeleHHBIH WITYEp Ha JUTHNTHYECKOM JHHILE
10.2.2. Pacuemrnole moauiuns: cmenox

Ecmu ock cBapHoro msa obeuaiiku (JHHINA) yJnaieHa OT HapY)KHOH
MOBEPXHOCTH LITyHepa Ha paccTodHHe OGonee 4uYeM TpU TOJNIHHEI
ykperiseMoro 3neMeHTa (3s), T0 KO3 (HIHEHT MPOYHOCTH 3TOr0 CBAPHOrO
COe/IMHENHs ClIEAYeT NPUHUMATh (P = |. B HCKIIOYHTENBHRIX CiTydasX, Koraa

CBAapHOH WIOB NepecekaeT OTBEPCTHE, WIH yJAJIeH OT Hapy>KHOH NOBEPXHOCTH
WITYIIEpa Ha pacCTOsiHUE MeHee 3s, Ko3GdHLUHEHT CBAPHOTO IIBa IPHHHMAETCA
B 3aBHCHMOCTH OT BJa U KayecTBa CBapHOro umiBa (Tabnuua 2.2).

PacueTHble  TOMIIMHBI ~ CTEHOK  YKPEIUIAEMBIX  3JIEMEHTOB
OnpenesioTCa B COOTBETCTBUH ¢ ni.3-8.

Ecnv  mnockocts, mpoxoasmias  4Yepe3  NPOAOMBHBIA  INOB
BaJIbIIOBAHHOTO WITYIIEPA ¥ OCh 3TOTO WITYLiepa, 00pa3yeT yroj ¢ MIOCKOCTHIO
NPOAONBLHOTO OCEBOrO CEUCHHS LMIMHAPHYECKOH WIN KOHWYECKOH obedaiiku

He Menee 60°, To KOI(dHIMEHT CBAPHOro IMBa NPUHMMAETCA ¢, =1.B

octaibHBIX ciydasx ¢ <1 B 3aBHCHMOCTH OT BHIa H KauyecTBa CBapHOTO
IIBaA.

Jis  SUIMOTHYECKMX JHMNI, paboTalomMX NOA BHYTPEHHHM
IaBJleHHeM, PacyeTHas TOMIIMHA CTEHKH:

= ——pi (10.9)
aplo]-p
© Accounamms «PocTexakcneprasan
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PacyeTHas TOMNMHA CTEHKM INTYIEPa, HATPYXEHHOTO  Kak
BHYTPEHHHM, TaK H HaDY>KHBIM JaBICHHEM:

51y = M (10.10)
2[011 ¢ —-pP
Jlns oBanbHOTO WTYLEpa B 10it hopmyne d =d, .

10.2.3. Pacuemnsie onunst wumyyepos

PacueTHbie nnuMHBI BHEIIHEH H BHYTpeHHEH wacTedl miTyuepa,
Y4YacTBYIOMIHE B YKPEILUICHHH OTBEPCTUI H YUHUTHIBAEMBIE [IPH pacyeTe:

L, = min{ll ; 1,25\/(d+2chsl -c, )} (10.11)

1,, = min{,; 0,5,/(d+ 2¢, Y5, - 2, )} (10.12)
JUis oBanbHOTO WTYLEpa B popmynax (10.11) u (10.12) npuHHMaeTcs
d=d,.
B ciryyae npoxomsamero mryuepa (puc.10.6) s3 =s,.
d

Puc.10.6. ITpoxoasiuuii mryuep
10.2.4. Pacuemnas wupuna

IIInpuHa 30HH YKpPEIUIeHUs B 00euaiikax, nepexonax U AHHUIIAX:

L,=\D,(s—c) (10.13)
PacyeTHas WIMpHHA 30HBI YKpEIUIEHHA B CTCHKE obcyalikH, nepexoaa
HIIH JIHMINA B OKPECTHOCTH IUTyLEpa NpPH HATHYHH TOpPOOOpa3HOH BCTaBKH

(puc.10.4,6) wiu BBapHOTro KonbLa (puc.10.7):

1, =min {f; L,} (10.14)
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Puc.10.7. Ykperuienue oTBepcTHs BBapHEIM KOJBLIOM

B cmysae ot6oproBku (puc.10.4,a), a Talke OpH OTCYTCTBHH
TOpoOOpPa3HOH BCTABKH WM BBAPHOTO KOJIBLA:

1,=L, (10.15)

Pacuernas MIMPHHA HAKJIAAHOT O KOJIbLA:

L, =min{12; ,/Dpis2+s—c$} (10.16)

Ins  oTBEpCTHi, YJANEHHBIX OT OT JPYTHX KOHCTPYKTHBHBIX
3NIEMEHTOB Ha paccTosHue Lk < Lo, pacyerHas WIMpHHA J,, /5, onpeaensercs
CIEYIONMM 00pa3oM:

IUIsL 30HBI COEMHEHHA 00e4aliki C KOJNBLOM >XECTKOCTH, IUIOCKAM
JIHHIIEM, TpyOHOH pemteTkoit - no ¢popmynam (10.14) wim (10.15) u (10.16);

JUIA 30Hbl COCAMHEHMA KOHMYECKO# obedaiiku ¢ apyroi obevaiikoit 1
ofeyaiiki ¢ KOHHYECKHM HIH BBIMYKIBIM JHHIIEM, a TaKkKe C (aHueM KM
CEIOBO# OMNOpo#i cocyaa no GpopMynam:

I,=L; 1,,=min{l,; L} (10.17)
OTHOLIEHHSA JIOITYCKAEeMbIX HaNPSDKEHHIA:

1) s BHemHeH yacTy MTYLIEPA x, = mln{ [ ] }

"o}

2) A1 HAKJIAZHOTO KOJIbLIA x, = mm{l 0; [[ ]] }
o

3) nns BHyTpeHHEH YacTH WITynepa X, = min {1 0; [ ]3 }
[0]
rae [ol;, [0), [0]3 - Hmomyckaemele HanmpsDKEHus JUIs MaTepHaia
BHELIHEH YacTH IITyLepa, HaKlaJHOrO KOJbLia H BHYTPEHHEH 4acTH mITynepa
TIPH PacUYETHOH TEMIIEpPaType COOTBETCTBEHHO.
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10.3. Pacuem ykpennenus omeepcmusn

OTBepcTE CUMTAETCS ONHHOYHEIM, eClH Oimkaiiliee K HeMy
OTBEPCTHE HE OKAa3bIBa€T HAa HEro BIMAHMA, 9T0 HMEET MECTO, KOria
PacCTOSIHHE  MEXAY  HAPY)XHBIMH  IIOBEPXHOCTAMH  COOTBETCTBYIOLIMX
mTynepoB (puc.10.8) yroBieTBOpsET YCIOBHIO:

b>[D,(s—c) +[D(s~c) (10.18)
?' s
i
15 (1 | b
- S
¥ D}, i

Puc.10.8. YkpemnieHue B3aHMOBIHAIOIMX OTBEPCTHIH
PacueToB yKperuieHHs OAMHOYHOTO OTBEPCTHA He TpebyeTcs, eciu ero
PacyeTHBIH yIOBIETBOPAET YCIOBHIO:

d, <d, (10.19)

rae g, =2 s—¢ -08 /Dpis —c; - pacyeTHBIH quaMeTp
SP
OJHHOYHOIO OTBEPCTHSA, HE TPEOYIOMEro AONOIHHTENLHOTO YKPEIUICHHS, TIPH
Hanu4IuM H30BITOYHO} TONIIHMHBI CTEHKH COCY/A.
B cmyvae ykpemsieHHs OTBEPCTHA YTOJIIEHHEM CTEHKH COCYJa HIIM
mryuepa JHG0 HaKIagHEIM KONBLIOM, JMO0 TOpooOpa3HO# BCTaBKOH HIM
OTOOPTOBKO# JOJDKHO BBHINONHATHCA YCIOBHE:

l]p(sl — 8, —C, )xl +1,8,%, + 13p(s3 —C —Cq )xz + lp(s -5, _C)Z (10.20)
>05d, -d,, )5,

IA€ TpPH YKPEIUIEHHH OTBEPCTHA TOPOoOOpasHOH BCTaBKOH WM
BBapHbIM KOJIbIIOM s = S' ’

d, =04 fD is—c; - pacYETHBIA AUAMETP.
14 4 P
B cnywae ykperuieHus oTBepcTHA O3 MCHONb30BaHHMA HAKIIaJHOTO

Kojiblla MpH pacdere mpuHumaercs s; = 0. [Ipy 3ToM 1IHHA BHemHed yacTH
mTyuepa /| OTCYUTHIBAETCA OT HAPYKHOH MOBEPXHOCTH alllapara.

Ilpu ykpenneHWH OTBEPCTHA LITYLIEPOM TNIPOHM3BOJBHOMH (POPMEI
(puc.10.9) ycioBue ykperuieHHs BhIpaxaetcs B 00IeM Buie:
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A +4,24=05d —d,,)s,.
rae wiomanu A, u A; onpenensiorca 6e3 yuera npubasok C, C, ¥

(10.21)

PACcYETHBIX TOMKH CTEHOK WITYLEpa Sy, ¥ COCYAa S, .

5 d
L .
1 0
5 1
A4 Sip &~
oa " ~
.CJ
A
A
= B
W L - 7
b 3 _é’ Op
© t g
-~
-~
A
Ly 3,
(&)
53

Puc.10.9. Ykpennenne oTBepcTHs WITYLEPOM IPOH3BOJILHOH $HOpMEI

Ecu s, > 2s, TO HakiagHBle KONbLA  PEKOMEHAyeTcs

YCTaHaBIMBATh CHAPYXH M H3HYTPH COCYIa MM annapara, OpHYeM TONIMMHA
HapyxHOro konbua npuiumaerca 0,55, , BHyTpennero - (O,SS2 )+ c.
Jonyckaemoe BHyTpeHHee M30bITOYHOE JaB/ICHHUE:

[o]- 2K, (s - c)p|o] v (10.22)
D, +(s—c)V
1+ LG, —c)x 1,81, +13p(s3 —2c,)x,
rae . lp(s—c) 5
V =min{l; 7 —4 ) i
140522 %or L f 4326 P 2p
1 D, ¢l

P 14
1 — 021 yurunopuveckux obeuaex;

K, =
: {2 — 0718 GLINYKAbIX OHUWY.
Hns osansHOro mtynepa B gopmyie (10.22) npunumaercs d =d, .

Yuem e3aumnozo énruanus omeepcmuii é cocydax

U annapamax, HAzPYyHCeHHbIX 6HYMPEHHUM OasneHuem

OAMHOYHOIO  OTBEPCTHA  HE
OTBEPCTHH  BBHITOJIHACTCA

10.4.

Eciu  ycnoBue  pacrionoxeHHs
BBIITOJJHUMO, TO PpacCye€T B3aMMOBJIHAIOIIHX
CJIEOYOLIUM 06pa30M: BHa4YaJI¢ paCCYUTBHIBAIOTCA YKPEIUICHHUA U1 KaXXKA0ro U3

© Accounauus «PocTexskcnepTHian
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STHX OTBEPCTHH OTAENBHO B COOTBETCTBHU ¢ pa3f.10.3, 3ateM nposepsercs
AOCTAaTOYHOCTh YKPEIUIEHHS NEPEMBIYKH MEXAy OTBEPCTHAMH, JUIA YEero
onpeacAcTCsa JONMYCKAeMO€C JaBiCcHUE 1S TICPCMBIIKH IO (bopmyne:

[p]=— 2Ki=)elo] (10.23)

-V,
0,5(D, + D} +(s—cl

rne

N U (si =) 4,50 + I;p("; - 2c;)z; + 15,5y — ey + Iz',,szxz' +15,(s5 - 2c)) x5
s =)
K3(0,8+d; _d;]+l<.(d'+,2c; 2 by A2 0 ""]
2b D, ¢ b D, ob
Ilpu COBMECTHOM YKPEIUICHHH [BYX B3aHMOBJIMAIOINHX OTBEPCTHH OOLIMM
HAKJIAIHbIM KOJbLOM KO3()(HIHEHT MOHHKEHUA NPOYHOCTH:

1

V = min<1;

+ 11',,(-‘1' -+ 11",;(3;_0;)11'+Lz:(212 +)Is'p(’; ’20:)1; + ’:'p(-":' -2y (10.24)
s—c

d, ~d, i ol

rae L, = min{b;l;p +13,§-

Jlna opansHEIX WTYHEPOB B dopmynax (10.23) u (10.24) 4’ = dl/ U
d" = d,”-

Ecnu ock cBapHOro mBa obevaiikyu (IHMILNA) YAAIEHAa OT HaPYXKHBIX

MOBEPXHOCTeH 00oux mTynepoB Oolee 4eM Ha TPH TONMMHBI CTEHKH
YKpeILIAEMOro 3neMeHTa (35) H He mepeceKkaeT NMEPEMBIYKY, TO K03pdUIMeHT

MMPOYHOCTHA 3TOr0 CBApHOIrO MIBa CICAYCT NPHHHMATh ¢=1 B ocranbHBIX

cmyyasx @ <1 B 3aBECHMOCTH OT BHJA H Ka4€CTBa 3TOr0 CBapHOTO 1IBA.
Kosddpuument K; ans nuaMHApHIecKHX H KOHUYECKHX 06euaeK:

2
K, =W (10.25)

Vron ﬂ onpegensiercs B coorsercTBUM ¢ puc.10.10. [[ng BmyKanix

amm Ky =1.

Puc.10.10. PacnonoxeHHe B3aHMOBJIHAIOIMX OTBEPCTUH
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Pacuer no pa3a.10.4 He NnpUMEHHM, €CIIH HMEIOTCA B3aHMOBIIHSIOIIHE
OTBEPCTHA € TOPooOPa3HOii BCTABKOH HJIM BBAPHBIM KOJIBLIOM.

Ilpy yxperuieHun ABYX OGNIM3KO PACTIONOKEHHBIX OTBEPCTHH APYTHMH
cnocobamu Heo0XomuMo, 4TOOHI MONOBHHA IUIOINAAM, HEOOXOMMMOH I
yKperieHHs B NpoAonbHoM ceueHuH (puc.10.8) pasmemanace Mexay 3THMH
OTBEPCTUAMH.

Jna pama oreepctit  (pHC.10.11) KOIQQHUMEHT NOHHKECHHA
HPOYHOCTH:

2b 2b
mm{ (b, +d +2¢, N1+cos? B,)" (b, +d+2c, N1 +cos? EJ}

Puc.10.11. Psaasr oTBepCTHI

10.5. Yxpennenue omeepcmuii é cocyoax u
annapamax, HazpyiceHHbIX HAPYHCHBIM 0aGNeHUeM

Jomycrumoe Hafy)m{oe IaBJICHHE OMpPENeIIOT Mo hopMyJie:

[p]=——2— 10.27
- bl - (10.27)
[p]:

rae [P]p - JONMyCKaeMoe Hapy>XHOe [aBJI€HHE B IpeAenax
IUIACTHYHOCTH, ompenensercs mno (10.21) kak aomyckaeMoe BHYTpPEHHee
H3BLITOYHOE NABJIEHHE IS COCYAa WM annapara ¢ oTBepcTHeM npu @ =1;
¢ =1

[P]E' IONYCKAaeMOe HApYXKHOE HNaBNEHHE B IIPEliesax YIpPYTroCTH,

onpezaensemMoe no m.3,4 A COOTBETCTBYIOHIMX OO€4yaWK# WIH IHHMmA Ge3
OTBEPCTHH.
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Ilpy Hanv9HM B3aMMHOrO BIMAHHA OTBEPCTHIA [p]p OIpeaenIeTcs

aHAJIOTUYHO [P] no (10.22) mna xaxAoro oreepcTHA B OTAENBHOCTH H IO

(10.23) mna pepeMbldkyM, a 3aTEM M3 MOMYYCHHBIX 3HAYEHHH NpHHHUMAaeTcs
MeHbmee. [lpy 3ToM Bce KOIPOHMUMEHTH CBapHHIX IIBOB MPHHUMAIOTCH
paBHuIMH 1.

JAnsg obedaexk WM qHHMM C KOJbLIaMM XXECTKOCTH pacyeT MPOBOAMTCA
OTIEIBHO IS KaX/0r0 Y4acTKa C OTBEPCTHAMY MEXAY COCEAHHMH KOJIBLLIAMH.

10.6. Munumansnsie paimepst céapHbvix w606

MuHuMabHBIE pa3MEPBI CBapHBIX BOB A, A, A 2, COCTHHAIOMMX
NPUBAapHBIE WITYLCpA WIH HAaKIaJHbIE KOJIbLA € KOPIYCOM COCyAa HIIH
amnmapara, AOJDKHbI YAOBIETBOPATh CICAYIOUIAM YCIOBHAM:

- JUIS WITYIEPOB B COOTBETCTBHUH € puc.10.12, a, 6

l s
A>21—212 (10.28)
d+2s,,
- WA HaKIaaHKIX Konel (puc.10.12,8)
21, l,,8,
1+ —2— A +A, 22122 (10.29)
d+2s, d+2s,

rae A, A, A2 - MMHHUMAJIbHBIE Pa3MepPbl CEYEHMSI CBAPHBIX LIBOB.

a 6 B
Puc.10.12. Pa3meps! CBapHEIX HIBOB
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11. IIpo4HOCTb H repMETHYHOCTH (MIaHIIEBBIX
CoelMHEHHH COCYA0B H aNNapaToB

PacueT ¢uaHuEBHIX COeIHHEHHH COCYAOB H anmapaToB NPOBOAMTCA
Ha ocHoBaHuH [11].

B ormmume ot [11] mpu onpeneneHuM napameTpoB (naHuUeB H
k03 OHUKMEHTOB JXECTKOCTH Y4HThIBaeTcs mnpubaBka Ha Kopposmio. Ilpu
OIIpEENieHHH JOITyCKAaEMbIX HaNlpsDKEHHH YYUTRIBAIOTCS CBOMCTBa MaTepuana
conpsraeMoii o6eyaiku (BTYJIKH).

Ilpn pacuere GosToB, a Takke OONTOBONM HAarpy3KH B YCIOBHAX

MOHTaXa IS KOHTaKTHpyoIyx ¢ranueB BMecto Py npuHATO 0603HaYeHHE

P6. Jiis onpeneneHHs YriaoBoH MONATIMBOCTH JJUIMITHYECKHX KPbILLEK

HCIIOJIB30BATHCD TNoNoXKeHus [15].

Hnsa ¢naHUeBOro COEAWHEHHA €O CBOOOJHBIMH KonbuaMH (uepr.3
{11]) mpuHATO 0GO3HaueHue: granysl c80600HbIE HA NPUBAPHBIX KOAbYAX
(pucll.3).

Ipu BRIMONHEHHH YCIOBHA NPHMEHEHHA AaHHBIA PacdeT NOMyCKaeTcs
NPUMEHATh A pacdeTa (IAaHLEBBIX COCAHHEHHH TpybONmpoBONOB M
LITYUEPOB.

11.1. Pacuemnbsie cxemsi

Ha puc.11.1.-11.5. npencraBneHn! pacyeTHbIE CXEMBbI QUIaHUEBBIX
COCIMHEHHH.

(a) Hcnonsenue 2-2 (6) mcnomuenue 1-2 (5-6) (9-10)

© Acconmanus «PocTexskeneprusa»
118 © Hay1no-Texnuteckoe npeanpuatue TpySonposoa (OO0 «HTII TpyGonporoay)



CA 03-004-07 (CTII 10-04-02)

nenonHenue 1-1 (6-6) (11-11) HenoymenHe 4-5 (9-10) (14-15)
ucnosHenne 2-3 (7-8) (12-13)

Puc.11.2. ILnockne npueapHbie Gnasim! mo [21]
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% D,
= et
&

s Dy,
= w0
- L

hO Dk

D 6

Do

(6) ucnonsenne 2-3

(a) ucnonuenue 1-1

Puc.11.4. danusl nox 3axHMBeI 1o [26]
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Puc.11.5. KoHTakTHpyomue dnaHib!

Ycnoeus npumenenus:

Ducar, 2b 5005 (L1
D D,-D

B ciyuae coenuHeHHs ¢ pasHbiMHM (IO MarepHanaM WIH pa3Mepam)

¢naHnamMu pacyeT NPOH3BOAHTCS A KAXIOro QJiaHua.
PacyeTHas TemmepaTypa 3/MEMEHTOB (JIAHUEBOTO COEAMHEHHS IPH

pacuernoii Temnepatype ¢ > 20°C onpenensercs mo Ta6n.11.1.
Tabanna 11.1
M30/mMpoBaHHbIe HeHn3onupoBaHHEIE

Tun ¢raHneBoro
COEIMHEHHS ty te ts tp I ts

Ilnockue,
npm;apl-me BCTBIK
(puc.11.1.1., 4 - 0,97t | 096t - 0,85t
11.1.2)

Co ¢Bo6OIHBIMH
KOJIbLIAMHU t 0,97t | 0,90t | 096t | 0,90t | 08It

(puc.11.1.3)
[pusapHsie nox
32KHMBI t - 0,55t
(puc.11.1.4.)

XapakTepucTHKH NPOKJIALKH M, (oem, K, E, npunumaiorcs no
Tabnuue 11.2.

0,96t - 0,55t
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Ta6ymua 11.2

Tun u MaTepHan
MPOKJIAAKH

Koag-t

Y nenbHoe
IaBJICHHE
o6xaTHa

qobxcs
MIla

Homyc-
KaeMoe
yaenpHoe
JaBleHHE

(41,
MIla

Koag-t

YcnoBHBI
MOZYJIb
CXKaTHA
En 107,

MIla

o0Oxka-
THa K

[Tnockas U3 pe3HHEI
no 'OCT 7338 ¢
TBEPIOCTHIO 11O
Llopy A no 65 en.

0,5

2,0

18,0

0310 1422
2

0,04

ITnockas U3 pe3HHsbI
no I'OCT 7338¢
TBEPAOCTHIO [0
Llopy A 6oxee 65
en.

1,0

4,0

20,0

0,4 - 10‘{1+AJ
0,09 2,

ITnockas u3
naponuta no 'OCT
481 npu TommuHe He
Gonee 2mMM*

2,5

20,0

130,0

0,90 0,02

IInockas H3 KapToHa
acbecToBOro no
I'OCT 2850 npu
TOJLIHHE 1-3 MM

2,5

20,0

130,0

0,90 0,02

Inockas u3
¢roponnacra-4 no
T'OCT 10007 npu
Tonurue 1-3 MM

25

10,0

40,0

1,0 0,02

ITnockas u3
ATIOMHHHA MapKu
Al o I'OCT 21631

4,0

60,0

ITnockas u3 naTyHu
Mapku JI63 no
T'OCT 2208

4,75

90,0

[Tnockas U3 CTaaH
0SKII no I'OCT
9045 wiu ctamu
08X13 mo I'OCT
5632

5,5

125,0

ITnockas U3 cTanu
08X18H10T
no 'OCT 5632

6,5

180,0

© Accoumauus «PocTex3KcnepTHia»
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ILtockaa u3 acbGecra
no I'OCT 2850 B
06os0uKke u3:

- AMOMHHHSA 3,25 38,0 0,04
- MEIH WIH NaTyHH 3,5 46,0
- cramm 05KI1T 3,75 53,0
- CTAJIM THNIA 3,75 63,0 0,05
12X18H10T

CrHpanbsHO-HAaBUTasA
CHII[10]

- XHJKU€E Cpeanbl 1,5 27,0
N BO:HIyX, na‘p’
NapoBOJsHAA CMECh 2,5 50,0 - - -
-ra3sl C C BRICOKO#
MpOHHUKAIOIEeH
CNOCOOHOCTBIO
(Bonopon, renuii) 4.0 70,0

Kosnb1io ¢ oBasHEIM
HJIN BOCBMUTPaHHBIM
CEYCHHEM H3:

Cr. O5KII mo 'OCT - - -
9045 wm 08X13 no
I'OCT 5632 5,5 125,0
cram 08X18H10T 6,5 180,0

*Iint cpen C BBHICOKOH NpPOHHKAaOMEeH CIOCOOHOCTBIO (BOZOPOA,
TeJIHH, Jierkne HeQTEeNPOMyKThI, CKHIKEHHBIE Ia3bl H T.I1.) §osx = 35,0 MI1a.

11.2, Honyckaemsie nanpascenun

JlonmyckaeMble HaNpsOKEHUs Ul MaTepuaioB (MaHUa U [PHBapHOTO
xomua [0],, pranua csoGoanoro ua npusapHoM komsue [O07],, a Tatoxe

conpsraeMoii  obeuaiixu [0°], npu pacyere craTMyeckol NPOYHOCTH

onpeaensaorcas no Ilpunoxkenmo 1 wim no ¢dopmynam 2.1, 2.2. Ilpn 3ToM
k03(ppHIHEHTHI 3amaca IPOYHOCTH OMNpeAensAloTcs no 1ad.2.1 mis paGoanx
YCJIOBHIA.

JlomyckaeMble HaNMPsHKEHUA JUIA MaTepHanoB 6onTor (muiex):

a) ecny pacyeTHas TeMIEpaTypa s 60JITOB U3 YIJIEPOAHCTBIX CTANIEH
ue mpessimaer 380°C, mmsxonermposammbix ctaneii  420°C, aycreHHTHBIX
craneii 525°C

[0-]6= R“Pm—HRM (11.2)

n

T
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6) eciu pacuerHas TEMIIEPAaTypa NPEBBIAET YKa3aHHYIO B 1.(a)

R wmR R 5
[0']5= min| —* p0,2 ; m/10° : p1,0/10 (11.3)
n n n

T a n

Kosduument 3anaca npoyHocTH 7, B 3aBUCHMOCTH OT MaTepHaila

H YCJIOBHIi HarpyxeHHs onpezaensercs no tabn.11.3.

Koa¢puumenr 3anmaca mnpoyHOCTH MO mnpenelry  AJIHTEILHOH

TMPOYHOCTH 1, =1,8.

Kos¢¢uuuenT 3anaca npoyHOCTH MO Npenely nomsyyects M, =1,1.
JlonyckaeMble HanpsAXeHHA LI MaTepuanoB OOJXTOB (NIINEK) M

pabounx ycioBuii npuHuMatoTcs o Ipunoxennto 3 [5].

Tabmuma 11.3.
nr
Paboune ycnoBus u .
VYcnoBus HCNBITAaHHA
Marepuan 6onro ycnoBus MOHTaXa
3aTSHKKA HE 3aTAKKA 3aTHKKA HE 3aTHKKa
KOHTPONHPY | KOHTpONMpY | KOHTpONHpY | KOHTpOIMpY
eTcs erca ercs ercs
R
—>0,7
R, 2,6-2,8 24 2,1 1,8
Yraepo-
JHCTHIE
CTaJIH < <0,7
i 2,3 2,1 1,7 1,6
AYCTEHHTHBIE CTAIH 1,9 1,8 1,4 1,3
11.3. Pacuem ecnomozamenvHblx 6enudun

OddexTuBHAdA MIMPHHA IPOKIAAKH, MM:
JUTA TUIOCKHX MPOKJIAaNoK

by=b, npu b, <150mum
it : (11.4)
b, =38,b, npu b, >150mm
VIS NPOKJIAJ0K OBATLHOTO MM BOCHMUTPAHHOTO CEYEHHs
b, =0,25b, . (11.5)
[10AaTIHBOCTb NPOKIAIKH:
y, =K (11.6)
ErD_b,
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6ourTa:

s coemuHEHHs C KOHTAKTHPYIOUMMH (QIaHLAMH [OAATIMBOCTH
KOHTaKTHHIX MOSICOB:

o= h,K ' _ h,K
" En” D bn] ’ y"2 En” Dm2bn2

cnl

Jins MeTameckux 1 acGouemeHTHBIX npokianok ¥, = 0.

(11.7)

Paccrosiine Mexny ONOPHBIMH NOBEPXHOCTAMH TalKH H TOJOBKH

UIA (praHueB, IPHBAPHBIX BCTHIK M IUIOCKHX - Lo = K +h"+ h,;

Ui GraHLeB co CBOGOJHBIMH KO/IbLAMH -
Loo=h'+h,+h" +h! +h,,
IS (pnaHIeB MOX 3a)XHMBI -
L=k +h +h +h" +b" +h +h_:

60 — 1 2 2 n>
Ut KOHTaKTHpyrowmx ¢uaxues (puc.11.1.5,3) —

/ " )

Lo =h +h" +h,;
IJ1A KOHTaKTHpYylowux ¢naxues (puc.11.1.5,6) -
Lo =h +h +h" +h! +h,.

Ecnu Mexnmy dnaHuaMH 3axara TpyOHas pelleTKa WiIH YCTaHOBJIECHbI
HONOJHATENBHbIE aiGbl, TO NpH onpenenexnn Ly, HeoGXoaMMO ydecTs X

TOJIIHHBI.

IoaarmBocTh 60NTOB (LIMMIEK):
Ly
y 6 = 20 ’
Eg fsn

rae L, = Ly, +0,28d - nna 6onra;
Ly, =Ly, +0,56d - nna wnwneku;

f5 - npunMMaercs no Tabnuue 11.4.

Tabnuua 11.4

(11.8)

(11.9)

Huamerp
o] = | 2 | S| S| S| |S|s|s|8|8)| =3
d, MM
IMnomaas
ceu. Mo
BHYTP.
mawerpy | & | €| T | 8|S |8 8| B|E|E|8| 8§
pe3nbu®
£, e
© Accouuaims «PocTexaKCnepTH3an
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*B cnyvae NpHMEHEHMA IOIMICK € NPOTOYKOH CTEPXHA A0 AUAMETPA, MEHBIIETO
BHYTPEHHEro Juamerpa pe3bObl, 3HayeHHe IUIOMAAM IMOMEPEYHOTO CEHIEHHA ONpenensercs no
JMaMETPy MPOTOYKH.

INoaaTmuBoCTE 32KHMOB 111 (raHIIEB:

Y, =—>, (11.10)
n
e A s - puHAMaerca no Tabnuue 11.5 [26].
Ta6muua 11.5

! . H o6 ITomaTmuBOCTB 32KMMa

1 Oduame arpy3o4Has cliocoOHOCTB 3aKHMa 8

i 6onra Z'I,) IE?KH npu Temnepartype, °C A, 10, wH npu

| MM Temneparype, °C

-70+100 200 300 -70+100 200 300

Mi2 9,5 8,55 7,4 7,71 8,14 8,61
MI16 18,0 16,2 14,0 7,05 7,44 7,88

- M20 28,0 25,2 21,8 6,08 6,41 6,79

I M24 40,0 36,0 31,2 2,28 2,41 2,55

| M27 53,0 47,6 41,2 1,47 1,55 1,64

DKBHBaNEHTHAA TOMUIMHA BTYJIKH 114 (p/IaHIa, IPHBAPHOTO BCTHIK:
s, =K(sy —c), (11.11)
. —0)- l
THe =14 (f-1)—2—3 p=Lazd; o
(’B ’x+l+ﬂ A (s,—¢) J(D+2c)(so—c)
4
Jns ocranbHBX dnaHues U IpHBapHOro KoibLa S, = (5§ —C).

VYrnoeas NnoaAATIIHBOCTDH (lma}ma H IPHBAPHOI'O KOJIbLIA:

[l-e@+094)y, (1L12)
' 2073 )
EXh
I g = 1 . P .”_;j=_h_;
14094 (1+y, j2) "~ JD+20s, ~ 5
D D, +(D+2
v, =128lg—*——iy, = 2+ (D+20)

(D+20) V* " D, —(D+20)
VYrioBas nopaTauBocTs ¢uaHna co cdepudeckodl HeoTOOPTOBAHHOM
¥ >nnunTHaeckoii kpsiukod npu By < o/ Ds, (pucl1.6):

1o, +1,2852 )]w, (11.13)
w E-20h3 ’ ’
o xp
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: 1
bl

h (R +¢) .
rae i _ >
A= =
(D+2c) V (s,-¢) = 1+1,2852,+1,2744 y, j}

kp

J

=(51 —c)'

Y.

(a) ©®)
Puc.11.6. Kpbinku oTbeMHBIe chepHueckie HEOTOOPTOBaHHBIE (a) H
aunTuyeckue (6)

VYrnoBas noaamiMBOCTh (MaHLA C 3UTHOTHYECKOH KpBIMKOH IpH

h 2 Ds, oupepenserca mo (11.12) mpu h=h_, s, =5 —c

j=

h

%
(SI - C)
VYrnosas noaaTaHBoOcTh (aHua cBOGOAHOTO Ha IPHBAPHOM KOJIbLIE:

1

Ve T EPRy,

. (11.14)

D
rne ¥, =1,281g D’"‘ .

VYrioBas NOJaTIHBOCTE (NIaHIA C TUIOCKOMH KphIiKoi (puc.11.7):

xKP
Ve = =32 (11.15)
EKPSZ
e 0,67k (1+8,551g K, )-1] .k =D
w 3 Dcn
(K, ~D)| K2 ~1+(1857K2, +1)(s_2)
53
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5
Puc.11.7. Kpbllik oThEMHEIE TUIOCKHE

Yrnosas noaaTiIuBOCThL qmaﬂua, Harpy»eHHOro BHCIIHUM
H3rn6aloIHM MOMEHTOM:

AnA q)JIaHl.[CB, TNIPHBAPHBIX BCTBIK, IUIOCKHX H C 3a)KHMaMH

— [l ’ L (11.16)
You "\ 4) EPD '
JUISL IPUBApHOTO KOJIbIIA
3
= (ﬁ) _DS_ (11.17)
You =3 E}’D,h* ‘
Juta ¢nanua cBo60AHOroO Ha NPHBAPHOM KOJbLE
= (ET D, (11.18)
Yo =\1) E®D 1 ‘

Ineuyn MOMEHTOB:
- 1A QriaHLIeB, IPUBAPHBIX BCTHIK U IUIOCKHX

b=05(D;-D,); e=05(D, ~(D+2c)-s,) (11.19)
- i ¢rnaHueB cBOGOAHBIX Ha NPHBAPHBIX KONbLAX
a=05D,-D,); b=0,5(D,-D,,);

e=05(D,, - (D+2c)-s,), (11.20)
rae D, =0,5(D, + D, +2h,);
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- ot $naHUeB moz 3aXHMBI

b=05(D, -2R-D_); e=05(D,, —(D+2c)—s,) (11.21)

- U1 KOHTAaKTHPYIONMX (priaHIeB:

a=05(D,, —D,); b=05(D;-D,,);

e=0,5(D,, —(D+2c)-s,) (11.22)
11.4. Kosgppuyuenmst sxcecmxocmu gpnanyesozo
coeOuHenus

®naHLeBoe CoOeHHEHHE, HATPYKEHHOE BHYTPCHHHM HWJIH HApyKHBIM
JAaBJIEHHEM M BHEIIHEH 0CEBOM CHWIOH.
Jiis pnaHueB, NPHBApHBIX BCTHIK, IVIOCKHX H TIOA 32KUMBIL:
IREN} /DR
a=1_y,,—(y¢eb +yge b ), (11.23)
n
e JUId IPHBApHbIX BCTHIK H IUIOCKHX (hIaHieB

=y +y, +y¢b’2 +y”b”2
Jns ¢ranies MO 3aKUMEL 77 = y, + ), + yd,b/2 + Yy

/Ibll2

Jina dnanues cBOGOAHBIX HAa NPHBAPHEIX Konbliax: & = 1.
Jlns $hnaHUEeBOro COSAMHEHHS C KPBIIIKOH:
Yo — (e +y,¢b)b’ (11.24)
n
e n=y,+ys +(.V¢ +)’,¢)bz'
(DnaHUEBOE COENMHEHHE, HAIPYKEHHOE BHEIUHMM H3rH6arolnM
MOMEHTOM:

a=1-

a,, =—(1+8y), (11.25)
rae masa (bﬂaHIIEB, NPHBApHBIX BCTBIK, IUIOCKHX H oA 3aKHMBI:
e e’ b, Y
, y;wb/e/(]—D—m)+ ¢”b” ”[ Dm]—)’,,[D_:'] ; (11.26)
“ =

2
Ys + y'(gd_) + y;ub” + yg‘ub’l 2
Ju1sL (riaHueB cBOBOAHBIX Ha MPUBAPHBIX KONBLIAX:

/ " 2
y.’mb’e"(l—;—]+ y,,,b"'[l-D_] y[g_] : (11.27)

cn o

By =

2
D,
Ys +Y.(bi) + y,a? +y,';¢a’2 + Vo b + yau

" bl/z
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a =—

roe
7.

a,=—

h=

A=

0=

K, =

Koad)(buuuermxl 4715 ¢riaHieB ¢ KOHTAKTHPYIOIMMH (IaHIaMH:

1 ynza(y¢(a+b+e Y+yjla+b+e’))+
U/} _+ynl(y b(Y¢e +J’g€”))

[ysla+bX(yla+b+e)+yh(a+bre’)+
_+y,.(y +b(y,(b+e')+y) (b+e”)))

—

n

N

Y +(.V¢ +Y¢)a(a+b)
Vo + V¥ + ¥y Na+b)?’

A . h, ,
E,(D;-D')" E,(D! -D")" 2E,(b, +b,,)
_(zD, j‘ 192 :
PTn) B0y I - D LY
L+0,0106‘
l ;
Q+0,00[9
P
L—00024
£ ;
A—+0,0019
P

£
Y

=Atb+Atya-Aty(a+b);
=At, - A1,

rae At; = atgls,.

Jns koHTaKTHpYIomux ¢riarxues no puc.11.5,a
At = AL =(auh +auh’ ),
JUtst KOHTAKTHpYIOWHX ¢raHues no puc.11.5,6
\=(@y (b + b))+ aly (B + 0) %

—(aq,,(h’ +5)+ay(h” +s!,

|

(11.28)

=9 (s + 1 + Dy + 90 )+ 3,0 (v, + 0 + 3520 J v (0l + ¥ )a+ B

(11.29)

(11.30)

11.31)

(11.32)

(11.33)

(11.34)

(11.35)
(11.36)

(11.37)

(11.38)

(11.39)
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11.5. Hazpysku, oeiicmeyrowue na 6oamol (winunvku)
PaBHOzneHCTBYIOILAA JaBICHUA:
xD’
O,=p 4”" s (11.40)

p<0.

rae 1A KoHTakTupyloumx ¢manues D =D,
Hns ycnoemii BakyymMa HIM HapyXKHOIO JaBJIE€HHA IIPHHHMACTCA

Peakiia npokianky B pabogux yCcIoBHAX:
R, =nD,_b,m|p| (11.41)

Harpyska ot TemniepaTypHsix gedopmarmii:
B COC/IMHEHHWH NPHBApHbIX BCTBIK M IUIOCKMX ¢uiaHuax (puc.ll.l,

11.2):
0 =i(a’h’t +alh"t, —al t) (11.42)
' PP ot by 6teots ) .
4
E20 E/20 E//ZO
6 2,
tme 7, =Y,+y +| ¥ +Y4 b”;
1 6 E6 ' E/ [ E”
B cocauHeHHH ¢naHNeB CBOGOAHBIX Ha MPHBapHBIX KOJbLAX
(puc.11.3):

0, =—((@lh' +alh"), +(@lh +alh ), - aylt,) (11.43)

¢

rae
E20 /20 720 /20 1 //20 ,
"
77:=}’..+J’6EL+yk E a” +y/ =5 E” y¢ E’ b" +y ¢ E” —i b
6
B coeTMHEHHM ¢UIaHLIEB NOA 3a>kHMEI (puc.11.4):
1yt / wfyn "
_1 ad,(h +h )t¢+a¢(h +h )t¢+ (11.44)
t > :
M\ +(alh, +alh) )ty — aglt,
20 20 . //zo
/ ” //2
me 1], =y, +y, 4y = b" +yy b
A, E, E!
B COEMHEHHH KOHTAaKTHpYIOIHX (rannes (puc.11.5):
ey, +(y, +yi)b(a+b)l+ y(by,
0, -l Yo+ Ve Gy =a.0) 1145)

bn,
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e[(yy +yy)ab—ys1+y (vs(a+b)+by, )

0, = b7, 5 (11.46)

B COEIMHEHHM C KPbILIKOH:

0, =”lt(a¢ht¢+a Bty = Qglsols ), (11.47)
2 ( EP . ER),

rae 77,=y,,+y6E—6+ Vo E, +y,q,E b”;

Ay, a,, Ay, Eqb , E,, E,q, onpenensiorcs no [punoxenuio 2;

a, , E; onpenensorcs no Ipunoxennio 5.

Ilpn onpeneseHHH HAarpy3oK OT TEMIEpaTypHeIX aedopMaluii
pacyeTHyl0 TeMmnepatrypy (anueB, KpHIIKH, 6osToB (mmmnex), TpyOHO#H
pemerkH, cBOGONHOro KOJNbLA CIeNyeT YMECHBIINTH Ha TeMIepatrypy cOOpkH
¢naH1IEBOrO COETHHEHHA (20°C).

BonToBas Harpy3ka F; B yCIOBHAX MOHTaXa MpHHHMaeTcs Gonbieit
U3 CIEeXYIONIHX 3HaueHHH:

a(Q,+F)+R, -0 +

F, =max{ 0,57 D_,byq .

4a M

D, , (11.48)

0,4[c|2nf, - kpome @ranyes nod sancum:
0,4B,n — ons granyes nood 3axcumor
rae F < 0, ecnn yonnne cxmmaromee;
npu @ <1 B popmynax (11.49) u (11.51) nprmumaercs @ =1;
npH onpeenennn FP; Harpyska oT TemnepatypHbX Jepopmaumii O,
yuuThiBaercs Tonsko pu O, < 0;

B/ ucnonssyercs B coeiMHEHHH (AHIEB MOX 3KHMEl H IPHHHMAETCS
no Tabamme 11.5.

Jl1s coenMHEHNA ¢ KOHTAKTHPYIOIMMMH (JIaHIIAMH

(Q) +_D£+FJ+”( by + D, zboz)”*Pi_Qc
F= 0,57 (D,puby; + Doizbs Mogine q (1149)
odolnf;
| J
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ITpupainenne Harpy3kH B 6onTax (ILMHABKAX) B paboyHX yCIOBHAX:

AP, =(1-aXQ, + F)+0, +4f+M (11.50)

cn
Jns coenMHeHNA ¢ KOHTAaKTHPYIOLIAMH (IIaHIIAMH:

AF; =al(Qa+;M +F)+ 0, (11.51)

cn2

Peakiys KOHTaKTHBIX MOACOB MPOKIAAKH B PabO4MX YCIOBHSAX JUIS
COEIHHEHHA C KOHTaKTHPYIOIMMH (JIaHLIAMH;

4M
R, =nF; "az(Qa +D

cn2

+FJ+Q,c (11.52)

4M
R, =P, +AF, -R, —(Q°+D +F] (11.53)

en2
Pacuer Harpy3ok, AeHCTBymolux Ha GONTH (LIMWIBKHM) B YCIOBHAX
HCIIBITAHHA TNPOBOIOMTCA [UIA AABJICHHA, CHJI H MOMEHTOB, ACHCIBYIOUNIMX B
YCIIOBHAX HCIBITaHHH, NPH 3TOM Harpys3ka OT TeMIepaTypHHIX AedopMaiuii

Q,=0.
11.6. Pacuem 601mos (mununex)

VYcnoBas npodyHocTH GonrtoB (WIMAIEK) i (raHUEB IPHBAPHBIX
BCTBIK, IUVIOCKMX H CBOOOAHBIX ()IIaHLIEB Ha IPUBAPHBIX KONBLAX:

P

o, =—2=<¢[o] (11.54)
nfs

Cgp = fotAfs [o]; (11.55)

nf,

e ¢ =11+1,2;

Juist (haHLeB MO 32KHMBI:

Oy = L25Fs Elol’ (11.56)
nfs

Oy =MS [0-]6 11.57)

nfs
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IUIsi KOHTAKTHPYIOINX (hIaHUEB

P
Cg = ;—f"— <1,25¢ [o]? (11.58)
6
P, +AP,
Opa = ‘—:f—‘ <125[o], (11.59)
6

Ilpn npoBepke MpoYHOCTH G0nTOB JUIA paGouMX YCNOBHIL C ydeToM
Harpy3kd Ha OONTBI OT . CTECHEHHOCTH TEMIEpaTypHBIX AedopMaLiHit
JIomycKkaeMoe HalpshKeHHE MOXeET OBITh yBennueHo Ha 30%.

11.7. Pacuem npoxnadox

VYcnoBue J0mMycKaeMoro JaBlCHWA, JACHCTBYIOMETO Ha MATKHE
NPOKJIA/IKH:

b

= < (11.60)
7 xD,b, [q]
JUIA COEITMHEHHS ¢ KOHTAKTHPYIOIMMH (IaHI[aMH:
R,
=1 < (11.61)
q %D_b, A [Q]

YcnoBue TEPMETHYHOCTH IS COCIAMHEHHA C KOHTAKTHPYIOIUMMH
¢naHuaMH:

R,
—2 K, >m| (11.62)
xD_b, ' A

2

11.8. Pacuem pranyee

Yron noBopota ¢iaHua (IpHBapHOTO KOJbIA) MPH 3aTsDKKE:

0=M, E‘“’(+’2’1)]V’z, (11.63)
E®h
rne My, =Pb.

Ipupamenue yrna nopopora ¢iaHna (MpHBapHOTO KOJIbLA):

[1-0(+091)y, ,

(11.64)
E b’

AG=AM,,

rae AM,, =AP6b+(Q(, +-4b£+F)e-

cn
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MakcuManesbii  u3rubarommii  MOMEHT AIA  COEOMHEHHMA C
KOHTAKTHPYIOMIMMH (pnaHuamu:

n ,Pﬁb—(l—n,)P5a+(#l—+FJ(b+e)

cn2

[Rb Ra+(Q‘, 4m +F](b+ )J[[GE

M, = max (11.65)

11.8.1. ®Daanywi npusapusie 6cmoik

OceBble HaNMPDKEHHsA MPH 3aTOKKE B 06eyalike (BTyJIKe) Ha HapyXHOM
H BHYTPEHHEH NOBEPXHOCTAX:

- B CEYECHHH S/
o, =0,; 0O,=—0,, (11.66)

D" 2 D’l
__ToMy ; . [(D+2c)] [”8'551’{(0”@)}—1 ;

D (s, —(:)2 2
[1,05 + 1,94{ D, ] I b.___ 1)
(D+2c)) N(D+2c)
D' =(D+2¢) npn (D+2¢)220(s, —c);

D =D+c+s, npu (D+2c)<20(s,—c) u f>1;

D' =D+c+s, mpn (D+2c)<20(s,—c) u f =1,
rae fonpeaenserca no (46) Ipunoxenus 6;

e g,

- B CEYEHHH Sp
On =fo-l; Oxn =‘f0'1_ (11.67)

INpupammenns oceBBIX HaNpsDKEHUH B oGeualike (BTyIIKe):

- B CEYEHHH S

Ao, =Ao, +Aoc,; Aoy, =Aoc, -Ac,, (11.68)
& 431‘1 . To AM

TZe Ag,, = : @AMy .

—= 5 Aoy =——
7 (D +2¢c)(s, —¢) D'(s,—¢c)
- B CCUCHHUH S5¢

Ao, =Ac, + fAo; Ao, =Ac, - fAo,, (11.69)
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a4M
Q,,+D +F

ToE Ag, =——— " .
Tu 7 (D+2¢)(s, —c)

OxkpyxHble HaNpMKeHHA B o0edalike (BTyIIKE):

- B CEYCHHH §)
20 20
O3 =M+0,30',; O =ﬂi—0,30'1; (11.70)
(D+2c) (D+2c)
- B CEYCHHH S
0, =03f0,; 0,, =03 f0,. (11.71)

TIpHpanieHHs OKpYXHBIX HanpshkeHHii B obedaike (BTyIKe):
- B CEYEHHH S
EhAG + p(D+2c)

O3 =
(D+2¢) D,-(D+2c)
EhAO  p(D+2c)
Oy = +
(D+2) D, —(D+2c)
- B CCYCHHH S¢
L =2L*29 300 Ag, <PPT2) _o3ms.  (1173)
2(s, - ) 2(sy —C :

YcnoBye NpOIHOCTH NMPH pacyeTe CTaTHYECKOH MPOYHOCTH B CEYEHHH

+03A0,5

-0,3A0, (11.72)

Ao

558
- TIpH 3aTsKKE

2 2
o, +0,, — 0,0
o, =max J ! 8 nee Sl,S[o- ;0; (11.74)

[62 + o2
012 ¥ 014 —0,014

- B pabo9ux ycnoBHAX

= max{J(O'll + Ao'u)2 +(O']3 + Ao-]:!)z _(U'u + A0'||X0'13 +A0'13) J < LS[O_L (] 1 75)

a.’
J(Ulz + A"'lz)z + (0'14 + Ao'u)z - (an + AG.:XG.. +Ao,,
- B YCIIOBHAX HCIIBITAHUI:
o-s]

- max{\ﬁo'n + AO'u)} +(0'13 +ACJ'13)2 —(0’11 +A0'11X0'11 +A0'13) ’ <2 O[O'E' (1 176)
J(al, + Aal,)z +(a“ + Azrl,)z - (012 +Aa,2Xo-,, +Aau)

YcnoBre NIPOYHOCTH B CEYEHHH Sp:
- TIDH 3aTAKKE
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RZO
[4,5—2,0 . J[a]gf;

0., = max Joi +0% —0,0, < min Ry s (1177)
\/0'222 +03 ~ 00y 45-2,0 Ri; J[o_]:‘o
- B paboyMX YCIOBHAX
o - \[(0'2, + Aa’m)Z + (an + onzs)z - (o’2l + AO’ZIXO'n + Aa',_,)
50— =
J(O'H + AO'ZZ)z + (024 + Adu)z -(0'22 + AO'HX(T24 + Aa“) (11.78)
R
[4,5 -2,0 —i}a] 5
. Rm¢
< min
45-2,0 R—"“}a]w
R,.
- B YCIIOBHSIX HCIIBITAHUH
o = max J(O-ZI + AUZI)Z + (0'23 + Ao'zz)2 _(0'21 + AO’:.X% +AUB)
50 =
J(az, + Aan)z + (024 + A<7,4)z - (a22 +Ao, Iaz, + Aau) 11.79)

RZO

(6,0 =27 —;ﬁ}a]j;’;
Rnp
20

[6,0 -2,7 ;:—;g ol?

< min

11.8.2. @nanyst n10CcKue npueapHsle, NOO 3ANHCUMbL U RPUGAPHbIE KOTbYA

OceBbie HanmpsXKEHHA INpH 3aTHKKe B obeyaiike Ha HapyXHOH H
BHYTpEHHEH NOBEPXHOCTH:
0,y =05 Oy =—0y, (11.80)
_ Tao M,
- (D+2c)(s-c)f .

IIpHpameHHs 0CEBbIX HAMPKCHHUA:

rae o,

Ao, =Ac, +Ac,; Ao, =Ac, -Ac,, (11.81)
AM
+—+F
%*p To AM,,
rae Ao, =———2——; A0 =—F/— > -
n'(D+2c)(s—c) D (s—c)

© Acconuauns «PocTex3KCnepTH3ay
© Hayuno-Texuuueckoe npeanpuatue TpyGonposoa (OO0 «HTII TpyGonposoa») 137



CA 03-004-07 (CTIT 10-04-02)

OxkpyxHele HanpskeHHA B obedaiike (BTyIke):
0, =030,; o, =-030,. (11.82)

TpupammeHns oKpYXHBIX HaNPsKEHHH:

_p(D+2c) +03A0,; Ady, = P(D+2c) ~03Ac,- (11.83)

2s-c) 2As—c)

VYcnoBue NPOYHOCTH INPH DAcdeTe CTATMYECKOW MPOYHOCTH IPH
3aTSOKKE B PalOMMX YCNOBHAX M YCNOBMAX HCILITAHMI NpOBEPAETCA IO
dopmynam (11.78), (11.79) u (11.80) coorBeTCTBEHHO.

11.8.3. ®Dnanys c60b600HbBIE HA NPUEAPHBIX KOAbYAX

Ao,

Yron nosoporta ¢anua cBo6oaHOro:

Fa AF,a
X~ 12013 3 (11.84)
E'hy, E hy
KonbueBoe HanpsxkeHue:
E h@
o, =——"= (11.85)
DK
YcnoBHe BHIIOIHEHHA NPOIHOCTH:
- B pabounx ycnoBusix
o< 1,5[0L; (11.86)
- B YCJIOBHAX MCIBITAHHH
0
o, <206}, (11.87)

11.8.4. ®nanyvi Konmakmupyougue

OceBoe HanmpskeHHe B ofbedaiike (BTylKe) HAa HapyXHOH H
BHYTPCHHEH IOBEPXHOCTH B pabo4MX YCIOBHAX H YCIOBHAX HCIIBITAHHIA:

4M
+F F
O+ TaM, Q+p ToM, (11.88)

;r(D+2c)(s " (D+2fs-cf 2 a(D+2cfs—c) (D+20)s—-cf

O =

OxpyxHoe HanpskeHHe B obeyaiike (BTyke):
_p(D+2c)+ 2 To M, : _p(D+2c)_01 To M, (11.89)

’

27 %s-0) | T (De2cfs-cF * 265-0)  (D+2cfs—cf

YcnoBHe npoyHOCTH:

- B pabounx ycroBMAX
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Red’
‘/ 2, 52 4’5—2’0R 0'],1,;
Oy + 05 — 0,0
o, =max{' 2 "2 "M'®l<min * (11.90)
2
\10-222 +03% —0p0y (4’5 ~2,0 R.. ol
lell
- B YCJIOBHAX HCIIBITAHHH
( 20
6,0 -2 71'}0-]2"-
2 2 _ ’ 20 p >
0,0 = max Voh + 0% ~0uo }s min Rt (11.91)
2 2
JGD + 0-24 - 022024 6,0 _ 2’7 R;Z'E ](0,]3?
R
11.9. Kecmxocms ¢pnanyes
VYcnoBHe BEITIOHEHHS XKECTKOCTH (JIaHIEB;
|9+ AH’S [9] (11.92)
i€ JOMyCKaeMblii YT/ I0BOPOTa U1 (UIaHIEB NPHBAaPHBIX BCTHIK
- 11 paboYHX YCIOBHIA: [0] =0,009 mpu D < 2000mm ;
[6]=0,013 npr D > 20000
- JUIS YCIOBHH HCTIBITAHMIA: [0] =0,011 nmpu D <2000mn ;
[6]=0,015 npu D > 2000rm;
s QNaHUEB IWIOCKMX NPHBADHBIX, II0[ 3KMMBI H NPUBApHbIX
KOJell:

- 1A paboumX yCIOBHi [0] =0,013;
- JUIsL YCIOBHIA HCTILITAHHIA [0] =0,017.
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12.IIpoYyHOCTH H repMETHYHOCTH (UIaHleBBIX
coeIHHEHHH apMaTypbl H TPyOONIPOBOIOB

ITpu BrmonHenun ycnosus (11.1) pacuer ¢uiaHUEBHIX coenUHEHHit
apMaTyphl H Tpy6onpoBoAOB AomycKaeTcs MpoBOAMTE No m.11. B mpoTtHBHOM
ClIydae MpPOYHOCT H KECTKOCTb (hIaHIEBOrO COCAMHEHHA OLEHHBAETCA MO
IMpunoxenusm 2 u S ASME VIII-1 [40] coorBeTcTBEHHO. [IpH 3TOM Harpysku,
JeHCTBYIOIIHE Ha 3MEMEHTH (aHLEBOrO COCAMHEHMA, ITOMHMO JABJIEHHA
YYUTBHIBAIOT BHEITHHE YCWIHA H MOMEHTBI, a Talkeé Harpy3ku OT
TeMIepaTypHBIX AedopMaluii, IPHHATHIE N0 aHanoruy ¢ [11].

Pacuer ¢aHneBrx coeOHHEHHH MPOBOJMTCA [UIA YETHIPEX CIy4aeB
HarpyeHus:

- pacder B paGoumx YCNOBHAX OT JABJICHHMA H BHEIUHHX YCHIHH
(@, =0);

- pacyeT B pabo4MX YCIOBHAX C Y4ETOM TEMIIEPATYPHOi Harpy3KH;
- pacyerT B YCIOBHIX MOHTaXa;
- pacyerT B YCIOBHAX HCIIBITAHHH.

12.1. Pacuemnbwie cxemni

Ha puc.12.1.-12.3. npeacraBneHbl (¢naHLEBLIE COSOHHEHHS C
HCIOJIHEHHEM YIUIOTHUTENBHBIX NOBepXHOcTel duranuer no [22].

d S

(a) ncnionsxenne 1-1 (6) ncnionuenne 2-3
]

f
(B) ucnonuenue 4-5 (8-9) (r) ncnonxensue 7-7
Puc.12.1. ®naHusl, ipHBapHbIE BCTHIK 110 [34]
© Accounaums «Poctexakcneprusa»
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d oo 5
d .
= =
D D
D, Dy
= — D, = —
|
£ s
© Dm -
Dg | Ds
R Y . /5,
(a) ucnosanenne 1-1 (6) ucnomxenne 2-3 (B) ucnonuenue 4-5 (8-9)

Puc.12.2. Tlnockue npuBapHsie GpiuaHipl 10 [23]

d S -
D
~
= Dy
= | Dne
s Dy,
=
2 Dn
rll_J Dy
Ds
Dk
i d 4 S
’—A-‘D
& Dy
& Dre
£ Dy
‘: 4
oy Dy
mll_J D,
D6
| Dug
(a) ucnonuenue 1-1 (6) ncnonxenue 2-3

(B) ucnionsenue 4-5 (8-9)
Puc.12.3. ®nanup cBoOoaHbIE HA IPHUBApPHBIX KOMbLAX M0 [24]

B03MOXHO NpHMEHEHHE COCAMHEHHH C Pa3sHbBIMH (110 MaTepHanaM HiH
pa3mepam) aHIaMH, T.K. PacyeT IMPOU3BOAMTCA JUI KXI0ro ¢aHua.
Ilnockue npuBapHble (aaHnbl MOryT ObiTh paccuMTaHbl Kak Oe3
yuera NpHCOEIMHAEMOH CTEHKH IUTylepa, apMaTypbl WiH TpyOwl (nanee
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¢B0ob60HOTO THNA), TAK H C €€ YYeTOM (Jajlee HHTerpajbHoro Tuma). Bo
BTOpDOM Ciy4ae, B OTJIHYME OT cXeM puc.12.2, coeamuHeHue ¢naHueB co
CTEHKOMH OCYIIECTBIAETCA B COOTBETCTBHH C pHc.12.4.

8‘0-'-'8‘

{ (He menee sp) :Ft_\

He menee 0,7 5

e 0%

Puc.12.4.

Pacuetnnie Temneparypsl 37€MEHTOB (DIaHIEBOr0 COEIHHEHHS
onpenendeTcs mo tabn.11.1.

XapakTepHCTHKH NPOKIAnKH M, Gogw, K, E, NpuHHMaIOTCH MO
tabnuue 11.2.

12.2. Honyckaemoie nanpascenus
Ilpu pacuere QnaHUEBHIX COCIUHEHHH BENUYMHBI JIOMYCKAaeMbIX
HaIpskeHHi s MaTepuaios ¢ranua u npusaproro komsna [0°],, ¢nanna
cBoGOIHOrO Ha mpHBapHOM komsue [0 ], , a Taloke compsaraeMoii obedaiiku
(wrynepa) [0°], B paboumx ycrnoBusx (npu paboueil Temmeparype) u
ycnoBHAX MoHTaxa (npH ! = 200C) onpexnensiorcs kak [41]:

a) ecIM pacyeTHas TeMIEpaTypa H3 YIVIEDOAMCTBIX CTaneH He
npesbimaet 380°C, Hu3KonerupopanHbIX cTaneii 420°C, aycTeHHTHBIX cTanei
525°C

' 20
o) | 2 R K2 LR, ), @21
1,5 35 35

6) ecnu pacyeTHas TeMIepaTypa NPEBhILUAET YKa3aHHyO B I1.(a)

[0]= mi"[R‘ WM R, R} LR, Ry, Brnone J (12.1a)

15 35 35 125 10

JlomyckaeMble HaNpsAXKEHHS B YCIOBHAX MCTIBITAHUI:
20 20
R wm R,

20 _
[a]u = l,l
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MexannyeckHe CBOHCTBAa MaTepHaloB maTpyOkoB, ¢maHleB H Konell
NPHHUMAIOTCA  TIO npunoxkennio 2 [1] wm gpyroit  HopmaTHBHOM
JIOKYMEHTALH NPH PaCYETHOH TeMmeparype.

HormyckaeMbie HANPKEHHA A1 MaTepraios Gorros (wmwiek) [,

B paGouHx ycnosuax (mpu pabodeil TeMmeparype) H YCIOBHSAX MOHTaxa (mpu
t=200C) onpenemnorcs Kak [41]:

a) ecnu pacqeman TeMIeparypa Al 601ToB H3 YIIIEPOAMCTHIX CTanei
He npespimaer 380°C, HHU3KOJIETHPOBaHHBIX cTaned 420°C, ayCTEeHMTHBIX
craneii 525°C

20 20 20

4 b5’ 1,5 * 4
6) ecM pacueTHas TeMINeparypa IpEeBHIIACT YKa3aHHYIO B I1.(a)
[o']s= min{R‘m i R;?U .R_:o. R, Wi R, 02 . LIR, R Swned . an,ono’} (12.3a)

5 ’

4 ’ 57 1,5 "4 1,25 1,0

Ilonycxaemue HAMPAKCHHA B YCIOBHAX MCIIbITAHMIA:
20 20
[a];g_ R umi R,

124
3.0 (12.4)

Mexanuyeckne cBoiicTBa miA 6GOATOB apMaTypHBIX ¢IIaHUEBBIX
coeaHHeHHH npuBencHsl B [Ipunoxenuu 7 [10,25].

12.3. Pacuem ecnomozamensnvix eenuun
O¢dpexTHBHAA MIMPHHA ITPOKIIAIKH, MM:
a) U IIOCKHX NPOKIaA0K
D -D D -D
b, = '"'2 " npu ""2 2 <12,7 mm;

f D -D
b, =3,56 !%D npH —Lz—’"’>12,7MM; (12.5)

6) W1 MPOKJIAZIOK OBAJILHOTO HIIH BOCBMHIPaHHOTO CEYEHUA

b, —ozs% (12.6)

Cpennnii 3¢ dexTHBHBIH AHaMETP MPOKITAKH:

a) JUIA IUIOCKHX NPOKIANOK

D, =D, —b,; 12.7)
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6) 211 MPOKIANOK OBAJILHOTO MIIH BOCEMHIDaHHOTO CEYEHHA

D, = Dy, + D,y (12.8)
2
[TopaTnuBOCTH MPOKIANKH:
= h"K (12.9)
n E .z Db, )

Jlns MeTaLIM4ECKMX B ac6OMETAILIMYECKHX MMPOKIANoK ), = 0.
ToparauBocTs 60iTTOB (MIMKWIEK) IS (JIaHLEB:

E; fon ,
rae Ly = Ly +0,28d - ana 6onra; Ly = Ly, +0,56d - nns

LUMTHJIBKH; f5 - MpHHHMaeTcs no Tabmuue 11.4.

Vs (12.10)

DKBHBaJICHTHAs TONIHHA BTYJIKH JUIA (p/1aHIa NPHBAPHOTO BCThIK:
s, =k(s, —¢), (12.11)

l
e 14 (f-1)— g=L879; x=— .
(ﬂ 'x+1+,8 (s, —©) (D +2c)s,—¢)
4
IIJDI TUIOCKOIO TIPHBApHOT0 HHTErPAIBHOrO THIIA H IIPHBAapHOIO

koneua (puc.12.3) s, =5, —C.

VrnoBad mnONaTIHBOCTH (bnax-ma TNPUBAPHOI'0 BCTBIK, IUTOCKOI'O
TNIPUBAPHOTr0 HHTErPAJIBHOIO THIA H IIPUBAPHOI0 KOJbLA:

_[-0a+092)l,

A E;"h’ , (12.12)
1 h
ne @ = - s i= sy, =128lg———;
14094 (1+y, 2) 7 s, Vi ED+20)
h _ D, +(D+2c)

JD+20)s,’ Ve=D _(D+2¢)

VYrnoBas nojaTNMBOCTGL IUIOCKOro mpuBapHoro ¢maHma cBoGOXHOro

THIIA:
1
Yo =773, (12.13)
E 'y,
rae y/,=],281gg”;

(4
© Acconuaumus «PocTexskcneprusa»
144 © Hayano-rexanueckoe npemnpustie TpyGonposoa (OO0 «HTII TpyGonposom»)




CA 03-004-07 (CTTI 10-04-02)
YrioBas NOAAT/IMBOCTH (piaHIa CBOGOHOTO Ha IIPHBAPHOM KOJIBLIE:
1

Vi =W, (12.14)

HK

e v, =1,281gg .

X

YrnoBas noaamIHBOCTh (riaHUa co cdepHieckoit HeoTOOPTOBaHHOH
Kpblko# (puc.11.6,a):

_[1-o,a+1,2854 ),
Kpc E;Oh?ﬁ

e @, = 1 i R
1+1,2854 ,+1,2744 w, j* © " (D+2c)\ (s, —¢)
1 171 /]

VYrioBas noJaTaMBOCTb IUIOCKOH KpbllikH (puc.S.1.):
X

— Xp
20 _3 >
EKpSZ

067k2(+8551gKk,)-1] . . _Di.

b4

oV * D,
2 2
(K,q, - 1)[K -1+ (1,85 1K® + 1)(3—2] }

, (12.15)

Yo (12.16)

rae =
x,‘p =

3

VYrnosas nOAATIHBOCTE  (MIaHIa, HArpYXXEHHOr0  BHEUIHHM
H3rubarolMM MOMEHTOM:

s (naHieB TPHBApHBIX BCTHIK M IUIOCKHX NPHBAPHBIX KaK
HHTErpajbHOrO THIA, TAK H CBOGOIHOrO

3
Yom =| 7 EXD,h’ '
JUIA IPHBAPHOTO KOJIbLIA
zY D
=[Z] =% | (12.18)
You (4) EPD, i’

rae D, =0,5(D, + D, +2h,);
Juis ¢pnaHa cBOGOAHOrO Ha MPHBAPHOM KOJIb1le

7Y D,
Yo = Z m. (12.19)
K nk'x
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IIneyn MOMEHTOB:
1A (praHieB, NPHBAPHBIX BCTHIK M IUIOCKMX MHTCIPAJILHOTO THNA

b=05(D,-D_); e=0,5(D,, —(D+2c)-s,); (12.20)
IUIA TUTOCKHMX TMPUBApHLIX (raHieB cBOOOIHOTO THIIA
b=0,5D,-D,); e=0,5(D, —(D, +2¢)-s,); (12.21)

15 ¢iaHLeB cCBOOOAHBIX HAa IPHBAPHBIX KOJbLIAX
a=05D,-D,);b=0,5D,-D_);e=05D, —(D+2c)-s,);
D, =0,5(D, + D, +2hy) (12.22)

12.4. Koappuuuenmst sxcecmrocmu gpnarnyesozo
coeOuHeHun
KoadduimeHThI KecTKOCTH (IaHLEBBIX COCOUHEHHH, HATPYKEHHBIX
JaBJICHMEM, a TAKOKE BHEIIHEH OCEBOH CHWIOH H H3rHOAOIUM MOMEHTOM,

ompenendloTcAs 1m0 ¢opMmyraM wis GIAHIEBBIX COSNMHEHHMH COCYAOB H
anmnapatos (n.11.4).

12.5. Haczpysku, oeticmeyowiue na 6oarmot (ununvku)

Ha puc.12.5 npencraBneHa pacyeTHas cXeMa MIA ONpPEAENCHHA
APOYHOCTH ¢uUIaHLa.

Puc.12.5. Harpy3ku, peiictByiomme Ha ¢nanen
a — MPUBAPHOH BCTHIK H IIOCKHI NPHBAPHOI HHTErPATHLHOrO THAA, 6 — CBOGOAHBIIH Ha
TIPHBAPHOM KOJIbLIE

Hnsa coennHEeHHA co cBOOOAHBIMH (IaHIIAMH Ha TMPHBApHBIX KOJBLIAX
(pnc.12.5,6) pacnonoxeHue CHIbl peakiud B MPOKIAJKE, NEpeHaronieiics Ha
¢naHen, He 3aBHCHT OT ee pacmonokeHus. IIpH ITOM I NaHHOro THma
COEHHEHHS TIPHHUMAETCA:

Dcn = Ds (12.23)
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OceBoe ycHiHe, IeHCTBYIOIEE Yepe3 00euaiiky CMEXHOTO 3JIEMEHTA:
7z (D +2c)? AM
 =p +F+ , (12.24)
4 D

cn

rae F u M sHewnss oceBas Cuna M MOMEHT, AEHCTBYIONIHE Ha
¢nanen (F >0 npu pactskennn, 1 F <0 npu cxkarum). Jlna ycnosuii
BaKyyMa WM HapyHoro fasnenus p < 0.
OceBoe yCHIIHE OT [aBJIEHHs Ha BHYTPEHHIO OBEPXHOCTH (JIaHIA:
2 2
z (D2 - (D +2¢)?)

O,=p 2 (12.25)

Peaxuus npoxiaaxu B paboyux yCIOBHAX:

=|p|z D,,bym (12.26)

Harpy3ka oT TeMnepaTypHbIX AedopMarimii:
B COCAHHCHHH JUIA (UIaHUER [NPHBapHEIX BCTHIK W IUIOCKHX
NIPHBaPHBIX

Q, = i(a;h’tqb +ayh’ty, —aglst, ) (12.27)
1,
20 E/20 El/20
2,
rae 771 yn+y6E_6+ y¢ E/ +y¢ E// b

B COCIMHCHHH 11 cpna}mea CcBOOOIHBIX Ha NPHBAPHBIX KOJIbLIAX

0, =—ﬂl—((a;h' +ayh" ), +(ahy, +a ke, —a616016) (12.28)

t

rae
20 120 1120 ;)20 gZO
6 / 12 I "2 / 12 "2
77,=yn+y6E—+yk+a +h?a +y, ——b"? +y; ——b
6 Ex x @ @

B COCAMHEHHH C KPBIMKOH

1
0 = —77—(a¢ht¢ raht, ~ @ty ), (12.29)
t
Eﬁ;o Ezo Ezo ,
rae =y, + b”.
N =Ya*t¥Ys 7 E, Ve 7 E, wa
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Harpyska na 60onTsI:
- B pabouHX yCIOBHAX

Fy=0,+0,+R,, (12.30)

- B pab04KX YCIOBHAX C yYETOM TEMIEPATYPHOH HATPY3KH

P, =F,+0,, (12.31)

rne (), yuntsiaercs ronsko mpu O, >0
- B YCIOBMSIX MOHTa)XKa TPHHHMaeTcs GoMNbpmiel H3 clemyromux
3HAYCHHUH:

0,57 D549 5
P,, = max40,5[c] ;"[nfﬁ +Ja J ; (12.32)
[o]s
0’5[0] 515 + 0,257 Dby oo
- B YCIIOBUAX HCIILITAHUH:
By =0, + 0, + R, (12.33)

rae O, O,, u R, - onpenenstorca no dopmynam 12.24, 12.25,
12.26 coOTBETCTBEHHO AN HArpy30K, JCHCTBYIOMIMX B YCIIOBHAX MCIIBITAHHIA.

12.6. Momenmei, delicmeyiowjue Ha hranysi

Mowmenr, peiictBytonmii Ha ¢naHenr B pabodux YCIOBHAX mpH
JEACTBUH BHYTPEHHETO JaBIICHHA:

My, =0.h +0,h,+R, 05D, -D,), ©(12.34)

rae WiedH h; U hy B 3aBHCHMOCTH OT THma ¢manua (puc.12.5)
onpenensioTcs no Tabmume 12.2.

Tabmnal2.2
Tuns ¢ranuesn hs hy
®nanust npusaphsie Bersik | D — (D +2¢) —0,5(s, —¢)| 2D, —(D+2¢)-D
¥ TIOCKME TIPHBApHBIE 2 e L2 =
MHTErpaJIbHOTO THIIA 4
ILnockue IpUBapHBIE D, —(D, +2c) 2D; —(Dy +2c)-D,,
¢nanue! cBoGoAROrO THIIA 2 4
®nannE cBOGOHBIE HA D; — D, D, =D,
NPHBAPHBIX KOJbLAX 2 2
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Ilpu neficTBHH HapYXHOrO NABJIECHHA:

Ok, +Qp, +ROSD, ~D,)

_ 2 _ 2
M= [_,,M_F,JMI,,: Dﬁ—DC.J_prr(D; (D+2) )[h., Dﬁ—Dm)
4 D, 2 4 2

MoMeHT, felcTByomMi Ha ¢uaHen B paboyHX YCIOBHAX NpU
ACHCTBUH BHYTPEHHETO NABJICHHA C YYETOM HAIpy3KM OT TEMIEpaTypHBIX
JaedopMarguii:

My, =M, +0,05(D; -D,,), (12.36)

rae  Q, yumrssaercs ronsko npu O, > 0.
ITpn aeiicTBUM HApYXKHOTO JaBICHHA:

(12.35)

Oh, +Qh, +(R, +QAD, - Dy,) (12.37)
M,= [ #(D+2) _ amY, D,-D ) z(2-0+28)(, Dp,-D ) :
—p——— —F+=—|h, al-p A, en
4 D, 2 4 { 2
MoMeHT, JeACTBYIOMHH Ha (aHel B yCIOBHAX MOHTaXa:
M, =P,05D,~-D,) (12.38)
MowmeHT, neficTBylomuit Ha GpnaHel B yCIOBHAX HCIBITaHMIA:
My, =Qyuh, +Qosh; + R,,0,5(D; - D, ) (12.39)
12.7. Pacuem 601mog (wununex)
YcnoBHs NPoYHOCTH 60NTOB (LIMIIIEK):
- B paGOYHX YCIOBHAX 61 = of. Ols; (12.40)
6
- B pabo4HX YCIOBHAX C YYETOM P, )
Harpy3kH OT TEMIIEPATYPHBIX O52 = n_ s 1’5[0']6 ’ (12.41)
nedopmaumit 6
B3 20
- B YCJIOBHAX MOHTaXa Op3=— < [0']6 > (12.42)
nfs
B4
-B YCJIOBHSAX HCTILITAHHI Ogy =— < [0]6 . (12.43)

nf,
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12.8. Pacuem npoxnadox

VcnoBye MPOYHOCTH MATKAX MPOKIIAIOK:

=____P63 < 12.44
q Dc,.bo_[q] (12.44)

12.9. Pacuem pranyes

12.9.1. Dnanysi npusapHble 6CMBIK U NIOCKUE NPUCADHBIE
UHMEZpanbRo20 muna

VcmoBHe MPOYHOCTH VIS OCEBOTO HANpsikeHUA B obeyaiike (BTyIike):
- B pabo4HX YCJOBHAX

f M, . [L5[o],: 2,50, — 0na npusapreixscmbik | (12.45)
O = D (s =L T 15[0),3 L5 ),, — ons maockux

- B paboYMX YCIOBHAX C Y4YETOM Harpy3kH OT TEMIIEPaTypHBIX
naepopManmii

M, . .
Ta2 =D_‘(fsmfmm{3,0[ol¢;3,0[ah}’ (12.46)

- B YCIIOBHAX MOHTaxa

1,5[012;2,5[c)° — ons npusapnsix ecmuik | .
o, =—d Mo Smi{ [oly325l0L, pusap } (12.47)

D'(s,—cfL 15[c)3; 15612 ~ onnmockux
-B YCJIOBUSIX UCITHITAHHI
o= M, <min 1,5[c],;2,90],, — 9na npusapueixecmeix . (12.48)
D*(s,-cfL 15[0,;1,5c],, — ons naockux

roe f u L onpeaensmiotes no (46), (55) Ipunoxenns 6;

D" =(D+2¢) npu (D+2c)220(s, —c);
D'=D+s,+c mpn (D+2c)<20(s,—¢c) n f>1;
D' =D+s,+c mpu (D+2c)<20(s,~c) u f=1.

VYcnoBue NpOYHOCTH IS PagHAIBHOIO HANPDKEHMA B Tapelike
¢naHua:

_ M, (1,33he +1)

- B paGOUMX YCIOBHAX o, = — DI < [O' ],,, ; (12.49)

© Accounanus «POCTEXIKCIIEPTH3AN
150 © Hayuso-texnmueckoe npeanpastue TpyGonposoa (OO0 «HTII TpyGonposom»)



CA 03-004-07 (CTII 10-04-02)

- B pabO4HX YCIOBHAX C M, (1,33he+1
YYETOM Harpy3kH OT 2 = —l(———z—) < 1,5[0']¢ ; (12.50)
TeMIepaTypHBIX DLh
nedopmMaumi
M, (1,33he+1
- B YCJIOBHAX MOHTaXa O, =L(DL72_) < [O'E); (12.51)
1, 33he +1
-B YCJIOBHSIX MCIIBITAHHH 4= —DI?_) [ ]4, (12.52)

riae e onpeaensercs no (47) Ipunoxexns 6.

YcnoBue NpOYHOCTH U OKPYXKHOrO HanpsokeHUA B Tapesike ¢uiaHLa:

- B paboyHX ycIOBHAX

- B pab0oYHX yCJIOBHSAX C
Y4YETOM Harpy3KkH ot
TeMINepPaTypHBIX
aebopmanui

- B YCIIOBHAX MOHTa)Xa

-B YCJIOBHAX HCIBITAaHUI

YM,,

Og = Di? --Zo, <[‘7]¢’

Cp = 122‘;2 -Zo,, <15[o],;
YM

0 =Py ~20n S <lolys
YM,,

Ogs = th - Zar4 = [0.]4)

rae Y u Z onpenensorcs no (51) (52) Mpunoxenus 6.
Kpome Toro, Heo6xoauMO BBHIMOJHEHHE NONOJIHHTENBHBIX YCIOBHH

MPOYHOCTH:

o, 1o, c,+0o,
—g o slobimam sl

aa3 ; arl < [o.l;o ; M S [O']¢

2

T4 ';0'01 < [O.L : Oa ;002 < 1,5[0']4, :

_M < [0];0 : Oa4 10y, < [0']4,

2

2

(12.53)

(12.54)

(12.55)

(12.56)

(12.57)

(12.58)
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12.9.2. @aanuwi c60600HbIE HA NPUBAPHBIX KONBUAX K NIOCKUE
npueapusle c606001020 muna

VYcnosue mnpoyHOCTH I8 CBOGOAHBIX (IAHIIEB HAa IIPHBAPHBIX
KOJIBLIAX H [UIOCKHX TPHBAPHBIX (pnaﬂues cBoGoaHOro THNA:

- B paGoYHX yCIIOBHAX Oq = D. h‘ = [O'L(k) 5 (12.59)
P (k) (k)
- B paboyuX yCIOBHAX C
Y4ETOM Harpy3k oT Og = <1 5[0]¢(k) ; (12.60)
TEMIIEPaTyPHBIX (,‘)h( %)
aedopManui
2
- B YC/IOBHSX MOHTaXa Og3 = [O'lp(k) ; (12.61)
4’(1‘) (k)
_ M, [ ]
-B YC/IOBHAX UCIIBITAHHH Cos = 12 O lpwy- (12.62)
4’(/‘) (k)

12.10. Kecmkocms pranyes

VcnoBHe BHINONHEHHS JKECTKOCTH (pIaHUEB NPHBApHBIX B CTHIK H
TUIOCKHX, BBIMOJHEHHBIX KaK €IMHOE LEN0e:

52,14M,V
2
LE, (s, -cf (D +2)(s, —0)K,
rne M, = max{Mm; Mm};
V, L onpenemsmorcs no (53,a); (55) [Ilpmmoxkenus 6
COOTBETCTBEHHO;

K, =0,3 - koodpduument xecTkocTH mis (raHUEB NPHBAPHBIX B
CTBIK M TUIOCKHX, BHIOHEHHBIX KaK €IHHOE LIENIOE.

<1, (12.63)

VYcnoBue BBINONHEHHA MXECTKOCTH (UIaHUEB IUIOCKHX NPHBapHBIX
cBoOoaHOrO THNA U (pnaHueB CBOOOIHBIX HAa NPHBAPHBIX KONbLAX:

109,4M,
E yhi IN(K)K

rae K onpenensercs no (48,6) u (48,8) IIpunoxenus 6 s ¢aaHLEB
IUIOCKUX TIPHBAPHBIX CBOGOAHOIO THIA H KOJICLl COOTBETCTBEHHO;

K, =02 - xoopduuuenT xecTkocTH s (uaHUEB MIOCKHX
NpHBapHbIX CBOGOIHOTO THMA M pIaHIeB CBOOOAHBIX Ha IIPHBAPHBIX KONBIIAX.

<1, (12.64)
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13.11poYHOCTD H XKeCTKOCTh MeCT BPpe3KH IITYIEpOB

Meronnka npemHasHaycHa A pacueTa MPOYHOCTH M IKECTKOCTH
MECTa COEIMHEHHS LITYLIEPa C COCYAOM (alnaparom).

TouHOCTE pacyeToB Ha MNPOYHOCTH COCYAOB, allIapaToOB H
TPYGONPOBOZOB B MECTE€ BPE3KH B 3HAYMTENbHOH CTENEHM ONpenenseTcs
Y4YETOM >KeCTKOCTH (TIOJATJIMBOCTH) Bpe3kH. Kak mpaBuio, mpu pacuerax Ha
NPOYHOCTh TPYOONPOBONHBIX CHCTEM COEAHHEHHE TPyOONpoBoga M cocyda
(annapata) 3aMEHAETCS MEPTBOH ONOpPOH, YTO NPHBOAMT K TIOIYYECHHIO
3aBBIIIEHHBIX YCWIHH M HAaNPMHKEHHIA B y3le COeIHHEHMS.

MeTonyka KOMIUIEKCHOTO pacyeTa JXXECTKOCTH M HaNpsDKEHHOIo
COCTOSHHMA Y3JIOB BPE3KH IUTYIIEPOB CO3aHA Ha OCHOBaHMH [42-46] c yuyeTom
HOPMaTHBHBIX  JOKyMeHTOB  [2,10], pernaMeHTHpYIOIWMX  IpeneibHO .
JIONYCTHMBIH ypOBEHb HaNpsHKEHHH.

13.1. Pacuemwnas cxema

Ha puc.13.]1 npencraBneH 3cKH3 M pacueTHas MOIENb MeCTa
COEIMHEHH IUTYLIEpa U LIWTHHAPHYECKOH 00euaiku.

Puc.13.1. CoenvHeHue mTynepa 1 UHIHHAPHYECKO# obevaiikn
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Ilpu ompeneneHHy pacyeTHBIX H3rHOAONMX MOMEHTOB B MECTE

Bpesku nomumo M, ® M, Heo6XoQMMO Y4HMTEIBATH JONOIHHTENHHbIE

MOMEHTHI OT ACHCTBUA CHI F c K F, 1 © YYE€TOM TOUYKH NPHIJIOKCHHA ITHX CHIL,

COOTBETCTBCHHO.
13.2. Yenoeus npumenenusn

Bo BCcex pacdeTHBIX CIy4asX MITyLEp NPHMEHAETCS K ONHHOYHOMY
OTBEPCTHIO, MPH 3TOM OCh IITYLEPa JIO/KHA OBITH HANpaBieHa MO HOPMAJH K
TIOBEPXHOCTH ob6edaiiku. YCI0BHA PaCCMOTPEHHS OTBEPCTHA KAaK OIMHOYHOIO
paccmoTpeHs! B1.10.4.

IIpu pacyere Ha MNpPOYHOCTE MeECTa COEAMHEHHA NAaTPyOKOB C
UUNHHAPHYECKHMH 00eyaiikaMi HeOOXOUMO BBIIOIHEHHE YCIIOBMIA:

0,0015<- " <o1; 001<3 =% <oy;
D+s+c d+2s,

001< 2525 _06:001< 42 WfD““ <10 (13.1)
D+s+c D+s+c s—c

Ilpu pacyeTe Ha NPOYHOCTP MECTa COCAMHEHMA MATpPyOKOB C
BHINYKJIBIMH JHHIIAMH:

0,0015< - =% <01;001<51=% <01,
D+s+c d+2s,
0,07 < d+2s, <4; 025< °7¢ <10. (13.2)
\f(D+s+c)(s -0) §—C,

Ipu ompeneneHHH JKECTKOCTH (MOAATIHBOCTH) MECTA COCIMHEHHA B
UMIMHAPHYECKOH obeuaiike:

d+
000155 5 <01; L—(QL +d+2s,)>2; d+25 o4
D+s 2 D+s

02<5 <105 00122 <0 (13.3)

5y ’ /G)"';)g -

Ipu onpeneneHun *kecTKOCTH (TIOAATIHBOCTH) MECTa COCIHHEHHS B
cepuueckoit obeyarike:

d+2s,<04; 0.07 < d+2s,

D+s (D +5)s

<4 (13.4)

0,0015< - > <0,;
D+s
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B cirygae HaKIOHHBIX BPE€30K, HJIH HE BBINOJHEHHH APYTHX YCIJIOBHIH
[OpHMEHEHHA, a TaKKe IPH Hamuuuu HawiagHoro (puc.10.1) wiu BBapHOro
konbua (puc.10.7) u TOpooGpa3no#i BcraBku (puc.10.3,6) ana  oueHku
NPOYHOCTH H JXECTKOCTH LIeJIeco00pa3Ho BOCIIONB30BATLCA METOIOM KOHEYHBIX
37eMEHTOB (CM.IL.16).

13.3. Ilpounocmev mecma epe3xu wmyyepa
13.3.1. Ob6wue nonoxxcenusn

Ilpu pacuere obeuwaiiku M mTynepa, paborarommx nox AeHcTBHEM
BHYTPCHHETO NaBJCHHS p M BHemHHX Harpy3ok Fr, Mc, M B mecte
COEIMHEHHs ONPENEAIOTCS MECTHhIE MEMOpaHHbBIE Opg, Oy H MECTHBIE
H3rHbHHEe Opg Opy HampsmkeHua B okpyxsHoM (6 ) u npomomeroM (X) (B

ClTyyae LITyLEepa OCEBOM Q) HanpaBJIEHHH COOTBETCTBEHHO (puc.13.1).
HanpspbkeHua B pacaeTHbIX TOYKax 1-8 onpenensiorcs kak:

O ox) = O mox) + O ho(x) (13.5)

INpn onpeneneHuHn MeMmOpaHHBIX M HM3rHOHRIX  HaNpsHKEHHH
HCTONB3YIOTCH 3aBHCHMOCTH Oe3pa3MEpHBIX OTHOCHTENBHBIX IapamMeTpoB
HaMpsDKEHHH OT reOMETPHYECKUX XapaKTEePHCTHK 3neMeHToB BpeskH [15,16].
Ilpp  3TOM, 3anaBas  Harpy3kd, HeEOOXOAHMMO  YUYHMTHIBATh  3HAaKH.
TonoxurenbHeie 3HA9€HUS NODKHB! COOTBETCTBOBATH HANPABICHHAM CTPENIOK
Ha pacueTHoH cxeme (puc.13.1).

IMpH HarpyeHHH LITyLEepa KPYTALIAM MOMEHTOM M7, ¥ CIBUTOBBIMH
cunamu F¢, F; B obedalike H IITyLiepe CO3JAIOTCA KacaTeJIbHbIE HATIPKEHHA
Tex-

JU1A OLEHKH INPOYHOCTH MECTa COENMHEHHA LITYLEpa C COCYAOM
(anmapaTom) HCHOMB3YIOTCA MaKCHManbHble 3Ha4eHnA [10]:

- NPHBEJEHHBIX MECTHHIX MeMODaHHBIX HANpPKCHHH OT JaBJICHHA

g mp >
- MPUBEJEHHBIX 00X (MecTHEIE MeMOpaHHbIE + MECTHBIE H3rHOHEIE
+ obmue TeMmmepaTypHbieé + HanpsKEHHA KOMIICHCAllMH) HANpsDKEHU#H oT

COBMECTHOTO MAEHCTBHA NABICHHS H BHEIIHMX HATPY30K HANpKCHWH B
PacyeTHRIX TOUKaX O .
JUiA ydeTa BIMSHHA BHEIUHHX HArpy30K Ha MECTHele MeMOpaHHLIE

HanpsAXeHHW BBOJUTCA NONOJHUTENbHbIH KPHTEpDHH IJi1 NPHBEICHHbIX
MECTHBIX MEMODaHHBIX HANpKEHHH OT COBMECTHOIO NEHCTBHA NABJICHHA H

BHELIHHMX Harpy3oK O, .
[IpuBeneHHbIE OJKBHBAJICHTHBIE HANPSDKEHHS OMpPENeNsioTcs 1o

KPHTEDHIO MAaKCHMAJBHBIX KAacaTeNbHBIX HANpHXEHHH I IUIOCKOro
HanpsKEHHOIO COCTOSHMA:
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%IU" +0, iJ(ag -0, +4rk

c,, =Mmax (13.6)

J(aﬂ - ax)z + 47;
VYcnoBue BBINOJHEHUA NPOYHOCTH MJIf MPHBEACHHBLIX MECTHBIX
MeMﬁpaHHHX Hanpmnenm‘i OT JaBJICHHHA!

C,p S L3[o], (13.7)

Rp0,2 . Rm . Rm/m’

15 26 15

rae [o] = min - HOMMHANIBHOE JI0ITyCKaEMOE
HanpsKEHHE.

VcioBHe BBIMOJIHEHHA NPOYHOCTH [UIA MPHBENEHHBIX MECTHBIX
MeMOpaHHBIX HANpsKeHH OT COBMECTHOrO [CHCTBHA JABJIEHHS M
BHELIHHX HArpy3oK:

o, S15[o] (13.8)
YcnoBHe BHIMONHEHHS [MPOYHOCTH U1 OGI(MX NPHBEXEHHBIX

HaNpsKeHHHA OT COBMECTHOrO /eHCTBHSI BHYTPEHHEro JaBjieHHS H
BHEIIHHX HArPy30K:

R
(2,5 - %J P
- (13.9)

o, <min{ 2R ,,
R

m /104

JInst ayCTEHHTHBIX CTANIEl BMECTO O > IPUHHMAETCA Oy q.

Ipu pacueTHOH TeMmepaType LU YIJIEPOJHCTOM CTAIM CBHILIE 380°C,
AN HH3KOJErnpoBaHHo# cauime 420°C, wia aycrenuTHO# cBRime 525°C MpH
3a/laHHU 3HAYCHMH 11 AOMYCKAaeMBiX HANMpPKECHUR HEOOXOAMMO YYHTHIBATH
MOM3Y4eCTh MaTEpHaNa.

13.3.2. Hununopuueckan obeuaiixa

Ilpy omnpenencHWH HanNpsXEHHH B [IUIHHIPHYECKOW obevaiike
HCIMONB3YIOTCS OTHOCHTENbHBIE Oe3pasMepHLIE YCHJIMA H MOMEHTBbI, KOTOPBIE
3aBHCAT OT TEOMETPHYECKHX NApaMeTpoB obevailkn ¥ u mryuepa J.
I'paduku 3aBHCHMOCTEH npHBeaeHs! B [42].

Be3pasMepHbIi  reOMETpHYECKHH  mapaMeTp  LIMIMHAPHUIECKOH
obeyaiiku:

y= Rn ~(13.10)
(s—-¢)
D+s+c . .
e R, = - 5 cpeaHmii pagryc obedaiiku.
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Be3pa3MepHEIi reoMeTpHYeCKHil IapaMeTp WTyIepa:

0.875r,
=——"90 (13.11)
B R
d+2s, y
A =___2__ - BHEIIHHH paauyc naTpybka mrynepa.

Omnocumenshvie be3pazmepnbie YCuaua U MOMEHMbL € OKDYICHOM
Hanpaeienuu.

N g - MeMOpanHoe ycuue oT neiicreus Fp;
My - H3rubaromuii MOMEHT ot aeiictBus F, 5
A gysc - MeMBpannoe ycwme or M ;

Mg - M3rHbaronmii MomeHT oT aeiicteus M ;
Mg - MeMGpanHoe ycumue ot M, ;

Mg, -M3rubatowmii MOMEHT OT aefictus M .

Omuocumensvhvie 6e3pa1wepubte youaus u MOMeHmMbl 8 npodonbnom
Hanpaenenuu.

Ny - MeMOpaHHOE ycHiHe oT feficteus Fy ;
My - U3rMGAIOWMH MOMEHT OT aejicteust Fig;
7 ypsc - MeMOpanHoe ycwme ot M ;

My - M3THOaOmAit MomenT ot neficteus M ;
Ny, - MemOpanHoe ycwme ot M ;

myyq -¥3rubalOmKi MOMEHT OT ACHCTBHA M L
13.3.2.1. Pacuem nanpaxcenuii om cunvt Fp

Oxpy»HBEIE MeMOpaHHbIe HanpskeHHUs OT cwihl Fp :

F,
G, o(Fg)=ngz—2— (13.12)
A=t R 0
OxpyxHbie u3ruGHEIE HANPAXKEHHS OT CHIIBI Fg:
6F,
Tpo(Fp)=mg —"— (13.13)
(s—¢)
IpononsHbie MeMOPaHHBIE HANPSDKEHHUS OT CHIIBI Fg:
F,
o, (F)=n,—=— (13.14)
=0 =1 760
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IpononbHEIE H3rHOHBIE HATIPSHKEHUA OT CHIIBL Fg:

6F,
O (Fr) =my —X— (13.15)
(s-¢)
13.3.2.2. Pacuem nanpsasxcenuit om us2ubaiouje2o Momenma &
OKDYJICHOM HANpA&neHuu
OkpyxHbIe MeMOpaHHbIe Hanpskenus ot Momenta Mc:
M
Tpo(M() = Bgpe ———— (13.16)
Rmﬂ (S - C)
OKpyXHble H3rHOHbIE HANPAXKEHHA OT MOMeHTa M
6M,
To(Mc)=mg, —Rmﬂ (s—c)2 (13.17)
IpononbHbie MEMOpaHHEBIE HAPSOKEHUA OT MOMEHTa M(:
M
O (M) =Ry ———— (13.18)
© R B (-0
IpononsHbie H3rHOHbBIE HAIPSHKEHHS OT MOMeHTa Mc.
6M,
O'I,x(MC)=mXMC—2 (13.19)
Rmﬂ (S - C)
13.3.2.3. Pacuem nanpsoicenuti om uzzubaiowye2o Momenma e
npoOoNbHOM HanpaeneHuu
OkpyxHble MeMOpaHHEBIE HANPsDKEHHUs OT MOMeHTa M :
M
0,,(M,)=n L (13.20)
M RB (-0
OxpyxHble H3rHOHBIE HATIPSHXKEHHA OT MOMEHTa M
6M
o o(M)=my, ———+— (13.21)
JYACLLY] MRWB(S—C)Z
ITpononsHbie MeMOpaHHBIC HANPSOHKEHUA OT MOMEHTa M
M
o, M)=n,, ——+— (13.22)
LT R B(s—c)

IIpononsHele H3rnbHBIE HANPSHKEHHA OT MOMeHTa M :
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6M,
e Rmﬁ (s - c)2

Opn(M )=m (13.23)

13.3.2.4. Pacuem nanpaxcenuii om kpymawezo momenma Mr

O1 KpyTAIIEro MOMEHTa B COEHMHEHHH WITYllepa H o0bedaiku
BO3HHKAIOT KACaTENbHbIC HANPSKEHHS:

M
To = —— (13.24)
2rry(s—c)
13.3.2.5. Pacuem nanpaxcenuii om cosuzoewix cun Feu Fy

Cwmi Fe u Fi co3naior memGpaHHEIE CIBUTOBBIE HANPSKEHHS B
HpOAOJILHOM (T.1-4) M OKpY>XHOM (T.5-8) CEUEHHH COOTBETCTBEHHO:

Fe
Tyg=—"7—— (13.25)
T ry(s—c)
FL
Tg =——— (13.26)
T r(s—c)
13.3.2.6. Pacuem nanpscenuii om snympennezo dagnenus

IIpetoxeHHBIH METO/, OCHOBaH Ha ABYX JONynieHHAX [46].
1. CpenHue 3HaueHHS HANPSHKCHHH B PacdeTHOH 30HE YKpEIUIEHHA

OTBEPCTHA O OIIPENENAIOTCA U3 OTHOIICHHHA CHIIBLI AABJIECHHA K ILIOIIANH
6(x)cp

NOMEPEYHOTO CeUeHHS B MpeiesiaX pac4eTHOIH 00nacTu.
2. MembGpanHble HanpsHkeHHs MMEIOT JIMHEHHOE pacnpeeieHue
BIOJIb 30HBI YKPEIUICHHs oTBepcTHs (puc.13.2),

A€ O g,y - HANPKEHHA B 0GeualiKe BHE PaCUETHON 30HBI;
Og(x)cp -~ CPCIHME HANPMKCHHA B PACYCTHOW 30HE YKPEIUICHHS
OTBEPCTHSA;
Ogx)p - MCCTHbIC MCMODAHHBIC HANPAKCHHA B PacYCTHBIX

TOYKaX CONPSKEHHs LITYLEpa U 00eqaiiky.
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Puc.13.2. PacnipesienieHue HanpsDKEHH# B pacyeTHO#H 30He MITyLepa

MeMOpaHHBIE HAPSHKEHHA B PaCUCTHBIX TOYKAX:
Top = 20 a0 ~ Toixyo (13.27)

TAe Oy, - CPEAHES HANDMKCHUE B PACUCTHOH 30HE YKDEILICHHSA

OTBEPCTHSA;
O g(x)o - BAPSDKEHHE B 0GEYAHKE BHE 30HBI YKPEILICHHA.

MectHoe MeMOpaHHOE OKpYXHOE HANpsIKEHHE OT BHYTPEHHEro
JaBIICHHA B 30HE BPE3KH IUTYLIEPa NPECTABIACTCSA B BHIE:

_j ,Dt(s-¢), 13.28
O =1gp 26—0) ( )

rac lg, - K03)OUUMEHT HHTEHCHHKALMH HANPSIKEHHA OT JaBJCHHA
B IpOJONBHOM cedeHHWH obevaiikn (T.1-4 puc.13.2). Jna nomepeyHoro
ceyenus (1.5-8) Ig, =1.

PacueTHas cxeMa Juis onpefielieHHA KO3()PHIIHEHTa HHTCHCHPUKALIHH
B IPOAOJLHOM CEYeHHH NpeACTaBlIeHa Ha puc.13.3.

Puc.13.3. PacyerHas cxema IUTyLiepa B IIPOJOJIEHOM CEYEHHH
obeyaiiku
Koadpuunenr uHTEHCHPHMKALMH HanpsHKEHMH OT BHYTPEHHEro
JaBJICHUA B IPOJOILHOM CEYEHHH:
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_ 2As—o)(d+2c, Wz — )+ (D+2c), +5, +05d)]

= (13.29)
D+s—- c)ll (s—c)+1,(s, —¢ )+A2]
e I = mln{S(s —¢);24/0,5D(s - c)} - pacueTHas AJIMHA
obeyaiiku;

e =minf(s - c); (s—c+0,55,[d(s, —c,) +0,54)} -

pacueTHas JUTMHA BHEIIHEl 4acTH MITyLepa;
MecrHoe MeMOpaHHOE MPOMONBHOE HANPAXKEHHE OT BHYTPEHHETO
JIaBJICHHA:

D+(s-¢)

= 13.30
PP As-o) ( )

PacueTHas cxema ans onpeaeneHus kodgpdHumeHTa HHTCHCHOHKALHH
B NIONEPEYHOM CEYCHHH NPELCTaBIeHa Ha puc.13.4.

Puc.13.4. PacueTnas cxema mTynepa B IONEPEYHOM CEHEHHH
obeyaikn

Koapduunenr uHHTEHCHPUKAUMH HANPSKEHHHA OT BHYTPEHHETO
JIaBJICHHA B NIONIEPEYHOM CCUCHHHU:

; M- O2(d +2¢, )1, —¢) + (D +26)(l, +5, +0,5d)]
” (D+5—Wlg(s —c)+1a(s, —c,)+ A

Jis npononeHoOro ceyeHus (1.1-4) I, =1.

Ecim pacuernsie ko3(uuHenTEl gy, < 1, TO M8 onpenencHus

OKDYXKHBIX H IPOJONBHBIX HAMPMKEHHH BO BCEX PACYETHBIX TOYKAX BPE3KH
HCIONB3YIOTCA CEAYIONINE BHIPAKEHHA:

-1 (13.31)

4 =(0.5+05I,)p 2%(:‘:7”, (1332)
o, =(05+ 0.51v)p2;;s(i—;)c). (1333)
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13.3.2.7. Pacuem nanpsixcenuit npu npou3gonbHOM CIOHNCHOM
HazpysceHuu

B obuieM cmyyae Bce NMpHiIOXKEHHbIE BHENIHME HAarpy3KH Ha ILUTYLIEP
MOXHO pa3jloKHTp [0 TpPEM HaNpaBlICHHAM, T.6. MPEACTABHTb Kak
oxHoBpemenHO fAeiictyromue cuiel Fg, Fe, Fi, n momentnt Mc, My, M.
Ilocne ompegeneHus HaNpDKEHHH OT MOCHCTBYIOIMMX CHJI M JaBJICHHA,
CyMMapHble HanpsDkeHHs B pacueTHbIX Todkax (1-8) ompemensiorcs ¢ yuyeToM
3HAKOB COryacHo Tabm.13.1.

Tabauna 13.1

MecTHble HaNpsKkeHNUs (C y4eTOM 3HAKOB) 00eJaliKH B PacYeTHBIX
TOYKaXx 30HBI BPe3KH, HArpyKeHHOH BHYTPEHHHM JaBJIeHHEM H BHELIHHMH
Harpy3kamH corjaacuo [15]

Dopmyita Ne Oxpy:knabie HANPSKEHHS, Oy
13.12 MeMOpaHHbie 0T Fg
13.12 Membpanusle ot Fp
13.13 Hsrubusie o1 Fr
13.13 Hsrubusie ot Fr
13.16 MembpanHrie ot Mc
13.17 Wsrubusie ot M¢
13.20 MewMmOpanHEIe 0T M,
13.21 Harubusie ot My
13.28 OKpyxHbie Hanpskenua oT fapnemma Ogp | + | + | |+ |+ + | + | +
CymMmapHbie MeMOpaHHble OKPY/KHBIE HANIPSDKCHHA Opg
CyMMapHBIe OKpYKHBIC HapskeHHs Op (13.5)
Popmyia Ne IIponosbHbie HANPSKEHNS, Oy
13.14 MemGpauHsie ot Fg
13.14 MewmOpanHsie OT Fg
13.15 HsrudHsle ot Fz
13.15 H3ruGHsie ot Fz
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13.18 MenmGpararie ot Mc - -+ |+

13.19 H3rnbusie ot Mc -+ |+ -

13.22 MeMGpannsie oT M, -l -+ +

13.23 Harubusie ot My -+ +] -

13.30 Ipononsasie Hanp:xem OT JaBJIEHHs! slalelalslelsls
xp

CyMMapHbIe MeMOpaHHEIe IPOAOJIBHBIE HANPSDKEHH Oy

CyMMapHBIe NpoAOAbHEIE HanpkeHHa Oy (13.5)

13.24 Creurossie Hanpsskerns o1 M o e o e e B B B
13.25 CpBrroskie Hanpsbkerus o1 Fo +1+ -] -
13.26 Caurossre Hanpsokenus ot F -l -1+ ]+

CyMmapHBIC CIBHIOBbIC HANPKEHHA Tg

IlpuBenennbie 06mue HANPSIKEHUA
Oixe

13.9

13.3.3. Ilampybox wmyyepa, cOeOuHERKBII C YUIUHOPULECKON
obevaiikoii

Taxke kak H B cily4Yae LHIMHAPHYECKOH obedaiikm, mpu pacuere
NPOYHOCTH MNATPYOKOB B MECTE COEJHHEHHS HCIOJNB3YIOTCA Oe3pasmepHbie
YCHJIUS ¥ MOMEHTBI B 3aBHCHMOCTH OT F€OMETPHIECKHX NTapaMeTpoB [43].

Be3pa3mepHbie reOMETPHYECKHE TapaMeTphI:

(13.34)

(13.35)

(13.36)

Omnocumenvhvie be3pasmeprbvle YCUIUA U MOMEHMbI 8 OKPYICHOM
(6) nanpaenenuu:

Ry - MeMOpaHHOE yCHiIHe OT AeicTBus Fp;

My - u3rubaromuit MOMeHT ot aeficTus F, ;
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7 gy - MeMOpanHoe ycuue o M ;

My, - usrubatommit MomenT ot aeiicteus M ;
Mg, - MemOpannoe ycume ot M, ;
My, - M3rHGatOLHIA MOMEHT OT fefictua M .

Omrocumenshble 6e3pasmepHble YCUIURA u MOMeHmMbl 8 0cegoM (a)
HanpaeneHnuu:

Mg - MeMOpaHHOE ycunne oT meficus Fy ;

M gy - n3rnGatomuii MoMeHT or aeiictus Fi ;
M gpic - MeMGpanHoe ycumue ot M ;

M ppsc - W3rMbatomuiA MoMeHT ot eficteua M ;
Ngpq - MeMGpanHoe ycumne ot M ;

Mg, - W3rMGaIoMHMi MOMEHT ot aeicteus M .

13.3.3.1. Pacuem nanpsorcenuii om curw Fg

OxpyXHble MeMOpaHHbIe HAPSDKEHHUs OT CHIbl Fg:

F,
_ R
O meo (FR) =B T, (13.37)
(s-¢)
OxpyxHble H3rHOHBIE HANPSDKEHHA OT CHIBL Fp IO CPaBHEHHIO C
MeMOpaHHBIMH 3HaYHTENIBHO HHXKE, IO3TOMY MX 3Ha4EHHAMH NpeHeOperalor.
OceBble MeMOpaHHbIE HAMPXEHHA OT CHIBI Fp:

F
O o (Fr) = 7R, (13.38)

rne A= E ((d +2s, )2 —(d+2c,) ) - pacyeTHas ILI0WAnb

TIOTIEPEYHOro CEYeHHs MaTpyOKa.
OceBble H3rn6HbIE HANPSKEHUA OT CHIBI Fg:

F
Oy (Fp) = [6my —3np, |—F— (13.39)
(S 1= cs )
13.3.3.2. Pacuem nanpssicenuii om uzzubarowezo momenma

OKDYJHCHOM HANpaeieHuu

OxpyxHble MeMOpaHHEIE HANPSKEHHS OT MomeHTa M :
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M
2
(s—c)’(d+2s,)
OxpyxHble M3THOHBIE HANPSHKEHHS OT MOMEHTa M( IO CDaBHEHHIO C

MeMOpaHHBIMH 3HAUUTENBHO HIXKE, IOITOMY HX 3HA9EHHAMM PEHEOPEraioT.
OceBbie MEMOpaHHbIE HANPSHKEHHA OT MOMEHTa Mc:

O pmo(Mc) =ng,e (13.40)

o-ma(MC) = %C’ (1341)
4 4
rage W.\’ = i ((d +§;z‘)i —gd;- 2CS) ) - pacqe’rﬂuii MOMEHT
+ 48,

COMpPOTHUB/IEHUA H3rHOY NONepeYHoro ceYeHus naTpyoka.
OceBrle H3ruOHBIE HATIPSDKEHUA OT MOMEHTa M(:

M

04 (M) = (614 _3nRMC)(s1 —cs)z(cd+2sl) (13.42)
13.3.3.3. Pacuem nanpaxcenuii om uszubaiowezo momenma
npOOOTbHOM HanpaeleHuu
Ol(pyxcm;xe MeMOpaHHbIe HanpsHKeHHs OT MoMeHTa M :
Ce(M,)=ng, M, (13.43)

2 >
(s—c)(d+2s,)
OKkpy>kHble H3rHOHBIE HANPSHKEHHA OT MOMEHTa M( IO CPAaBHEHHIO C
MEMOPaHHBIMM 3HAYHTEIBHO HHKE, IO3TOMY HX 3HAYEHHAMH IMPCHEOPEraoT.

Ocesble MeMOpaHHBIE HaNIPsDKEHHA OT MOMEHTa M;:

M
Ope(M) =" (13.44)
WS
OceBble U3rHOHBIE HANIPSDHKEHUA OT MOMEHTa M
M
o, (M) =[6mp, —3n,,] L (13.45)
b L [ RML RMJ(SI—CJ)Z(d-FZSl)
13.3.34. Pacuem nanpsocenuti om kpymsawe2o momenma My

OT1 KpyTAllero MOMEHTa B COGAMHEHMH 1Tynepa M obedaiiku
BO3HHKAIOT KacaTeNbHble HaNPsHKCHHUSA:
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M T
- 2
2z ry (s, —c,)

To (13.46)

13.3.3.5. Pacuem nanpaxcenuii om cosuzosvix cun Fcu Fy

Cunsl Fe u Fp cospaior MeMOpaHHbIE CIBHIOBBIE HANPSDKEHHS B
npoaoasHOM (T-1-4) n okpyxHOM (T.5-8) ceeHUH COOTBETCTBEHHO:

Fe
(2% e a—— (13.47)
7 1y (s, —-¢,)
F
Tg =——. (13.48)
7 1y (s —¢,)
13.3.3.6. Pacuem nanpsoicenuii om Hympennezo 0aéaenus

MecTHbie MeMOpaHHble HANPSXKEHUA OT BHYTPEHHETO MAaBIIEHHS
ONpENENAOTCA B 3aBHCHMOCTH OT  KO3(QPHUMEHTOB HHTEHCHpHKALMH
Hanpsokenus Igy)p (13.29, 13.31).

OKpYXHO€ HanpskeHHE OT BHYTPEHHErO AaBJCHHA B IPOAOIBHOM
ceueHuH (1.1-4):

o, = D+(s-c) (13.49)
LA LY '
Jna nonepeuHoro ceyenus (1.5-8):
D+(s—c)
O, =1 _— 13.50
® = b 4(s —c) (1330

OceBble HampsXKeHUs OT BHYTPEHHEro JABICHHA B MPOAOILHOM
cedennd (1.1-4) ompenensiorca no dopmyne (13.50) mpu [ » =1. Hna

nionepeynoro ceyenus (T.5-8) no popmyse (13.49) mpu 7 & = 1.

Ecnu pacuernbie ko3pdHUMEHTB lgy, < 1, TO A1 onpexenenus
OKPYXHBIX HaMpsKeHHH B NpPoNOJIbHOM cedeHHH (T.1-4) M oceBbix B
nonepe4yHoM ceueHuH (1.5-8) ucnonb3yerca 3aBHCHMOCTD:

D+(s-c¢)

13.51
2(s—c) ( )

Oy =(0.5+0.51,)p
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Jina onpenecneHns OKPYXXHBIX HANpPSXEHHH B NMONEPEYHOM CEYEHHH
(T.5-8) H OCEBBIX B IIPOJONBHOM CEYECHHH (T.1-4):

D+(s—-c¢)
Cpayp = (0.5+O.51_‘?)pm . (13.52)
13.3.3.7. Pacuem nanpscenuti npu npou3eoabHOM CrONCHOM

HAZPYIHCEHUU

B obmem ciyyac Bce NMpHIOXKEHHbIC BHEIIHME HArpysku Ha INTyLep
MOXHO pa3NoXHUTh MO TPEM HampaBICHHsSM, T.€. IMPEACTaBHTh Kak
onHoBpeMenHo AeiictByromme cunbl Fg, Fe, Fi, u momentet M, My, Mr.
Ilocne onpeneneHWs HANPDKEHHH OT AEHCTBYIOMX CHI M JaBJICHUSA,
CYMMapHbie HanpsXK€HHs B DPacYECTHBIX TOYKaX 1-8 (puc.13.1.1)
OIpeNIeNAIOTCA € YYETOM 3HAKOB coryacHo Tabu. 13.2.

Tabnuna 13.2

MecTHbIe HalpsHKEHHA (C YIETOM 3HAaKOB) NaTpyOKa B paCYETHBIX TOYKAX 30HBI
BPE3KH, Harpy)KCHHOH BHYTPCHHMM JIaBIICHHEM H BHEIIHUMH Harpy3KaMH COIJIaCHO
[16]

bopyyma 1]2]3]4
No Oxpy:xHbIe HANPsKeHAS, Oy 516178
13.37 MemGpannsie ot Fg -l-1-1-1-1-1-1-
13.40 Mewm6parusie or Me
13.43 Mem6pannsie ot M,
13.49-13.50 |  OxpysxHble HaNpsIKEHHs OT JaBIeHHA O,

CyMMapHbie MeMOPaHHBIE OKPYXKHbIC HANPAKEHHS Oy

CymMmapHEIe OKpYXHBIC HanpskeHHs op (13.5)

OceBble HanpsKeHNAs, O, 112131456738
13.38 Mem6pansbie or Fr -l -1 -1-1-1-1-1-
13.39 Hsrubueie ot Fp s+t -+ -+ -]+
13.41 MemGpannsie oT Mc - : ‘ ‘
13.42 Usrubuste ot Mc
13.44 Memb6panssie ot My - -
13.45 H3rubusle ot M, - |+
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13.49-13.50 OceBbie HANPHKEHHUS OT JABICHHA Op +|l+ [+ ]+ |+ + ]+ +

CyMmapHbie MeMOPaHHBIE OCEBbIE HANPDKEHUA Opyg

CymmapHbie oceBble HanpsokeHns O (13.5)

13.46 CpBHroBIie HanPsDKEHH OT M,
13.47 Capurossle HanpsokeHus oT Fc
13.48 CaBUrOBBIE HAPSKEHNS OT Fy

CyMMapHEIE CIIBHI'OBbIE HANpsUkeHHA Ty

IIpuBexenHbie 00IHE HATIPS/KEHANA
OEKB

13.9

13.3.4. Cgepuueckan obonouxa

PacuerHas cxemMa Bpe3KH INTynepa B chepHYecKylo 0GONOUYKy
IpUBeNieHa Ha pHc 13.5.

Puc. 13.5. PacdyerHas cxema COeIMHEHHA MITYIIEPa CO CTCHKOM
cocyna

Takke Xak H B chydae C LWUIHHIpUYecKoi oOedaiikoi, npu
ONpeNeNeHHH PacyeTHhIX H3rnbaloliX MOMEHTOB B MECTE BpPE3KH NMOMMMO

M, n M, HeobxomuMO y4HTHIBaTH IONOMHHTENLHBIE MOMEHTHI OT AcHCTBHA

cun F| u F, ¢ y4eToM TO9KH NPHIIOKEHHSA 3THX CHJL, COOTBETCTBEHHO.

PacuerHas cxeMa Bpe3kH IITyLepa B cepHYeCcKyI0O 0DONIOUKY MOXET
TaloKe HCIONb30BaThCA IPH ONpEIE/ieHMH MPOYHOCTH M KECTKOCTH BPE3KH

LITYLepa B JumMnTHYeckoe AHHmE. IIpu 3ToM ans onpeaeneHus R"I BMECTO

auamerpa D ucnomb3yercs pacdeTHeIl JHAMETp AN JUIHNTHYCCKHX JHMIN
(puc.13.5):
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_p* |

D?* -4H?
D, -—\11—4(—4—)%2
2H D
Ilpu onpenenenuu HampskeHuii B cepuyeckoit  oBomouxe
HCIIONB3YIOTCA OTHOCHTE/bHbIE Oe3pa3sMepHble YCHIHA M MOMEHTbI, KOTOpbIE

3aBHCAT OT F€OMETPHYECKUX mapaMeTpoB o0onoukd U matpybxa U, ¥ u p.
I'paduku 3aBHCHMOCTE# NpHBeneHH B [42].

Be3pa:mepnue TF€OMETPHYCCKHE NapaMETphI:

(13.53)

"o

= ); (13.54)
JR,(s—c

r

y=—"— (13.55)
(sl - c: )
rae p = m - CpeaHHH paauyc naTpy6ka.
2
p= (679 (13.56)
(sl - c.\' )

Omuocumenvhble  be3pasmepnble  yCwius  u
manzencanvHoMm (6) nanpaenenuu:

g - MeMOpaHHOE yCHIHe OT eficTBua Fy ;

MOMeHmbl 8

My - M3rHOAIONIHI MOMEHT OT AeHCTBHA Fy ;
Mgy - MemOpanHoe ycune ot M), ;
mg,, - usrubaommii MomeHt or M Q)

Omuocumensvhble be3pazmeprble ycunua u Momenmeol paduansrom (X)
Hanpagienuu:

Npp - MemOpanHoe ycuinue ot aelicTeus Fy ;
Mg - n3rubaromuii MOMEHT OT JICHCTBHA F,;
P gy - MemBpanHoe ycume o1 M), ;

M, - n3rubatoumi MomeHT ot M Q) -
13.34.1. Pacuem nanpsoicenuii om cuavt Fg
TanreHcanbHble MEMGpaHHbIE HANIPSDKEHHUS OT CHIIEI Fg:

F
O e (Fz) =Ny WR—C) (13.57)
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TaHrencansHble H3rHOHBIE HANPSHKEHUA OT CHIIBI Fg:
6F,
Co(FR)=mgy — (13.58)
(s-c)
Panuansubie MeMOpaHHbIE HAMPXKEHHS OT CIUIBI Fg:
F,

Panuanphsie H3rnGHbBIE HAMPAKEHHA OT CHIBL Fg:

6F
O (Fp) = My, —E— (13.60)
(s—c)
13.34.2. Pacuem nanpsixcenuti om uzubarowyux Momenmos
Ml u Mz

Tanrencanbhbie MeMOpaHHBIE HANPSDKEHHA B PACUETHBIX Toukax 1-4
ot MoMmeHTa M; u B Toukax 5-8 oT MomenTa M>:

M
M) =
O no(M)=ngy, (s—c)z\/Rm(s—c)

TanrencansHble H3rHOHBIE HAMPSKEHHA OT MOMEHTA M B Toukax 1-4
H OT MOMEHTa M, B Toukax 5-8:

6M
(s —c)? ,/Rm (s—c¢)

PanuansHeie MeMOpaHHBIC HANPSDKEHUA OT MOMEHTa M) B Toukax 1-4
H OT MOMEHTa M, B Toukax 5-8:

(13.61)

O,0(M)=my,, (13.62)

M
O-mR(M)—nRMm

PagnanbHble H3rMOHBIE HAaNpsyKEHUs OT MOMEHTa M; B Toukax 1-4 u
OT MOMeEHTa M, B Toukax 5-8:

(13.63)

6M
o,(My=m,, —————— (13.64)
bR RM (s —c)z f_Rms
13.3.4.3. Pacuem nanpsaxcenuit om xpymawezo momernma My

OT KpyTALIEro MOMEHT2 B COCJMHEHMH IOTyuepa W oOedaiku
BO3HHKAIOT KacaTeNIbHbIE HANPAKEHHA:
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M
Ty = 2—7 (13.65)
2r ry(s—c)
13.3.4.4. Pacuyem nanpsaxcenuii om cosuzogvix cun Fu F;

Cunnt F; B toukax 5-8 u F; B Touxax 1-4 co3garor meMbpanHsie
CIIBUTOBbIC HAITPAXEHHA:

F,
Tp=—2 (13.66)
wry(s—c)
13.3.4.5. Pacuem nanpsicenuii om euympennezo oaeneHus

MecTHble MeMOpaHHble HaNpsHKEHHs OT BHYTPEHHETO [aBIEHHA
ONpEneNaTCs B 3aBUCHMOCTH OT ko3dduuHenTa HHTEHCHOHKAUHU

HANDSHKEHNUSA, TIONYYEHHOTO VIS NONEpedHOro cevenus obeuaiikn (13.31) fg =
Ip.

OKpyXHO€ Hanps)kKCHHE OT BHYTPCHHEIO [aBIE€HHA BO BCEX
pacyYeTHbIX TOYKAX:

_ D+(s-¢)
POPY 4(s—c)

IIpononsHoe (paaHanbHOE) HANpPSKEHHE OT BHYTPEHHErO JABJICHHA
BO BCEX PAacYETHBIX TOYKAX onpenensercs no gopmyne 13.67 npu 1 P 1.

o, (13.67)

Ecnu pacyernmiif xodpéuunent I, < 1, To mma omnpeneneHusA
OKPYXHBIX H OCEBbIX HAaNpPKEHHH BO BCEX DacyeTHBIX TOYKaX BpE3KH

ncnonsayercs kodduunent untencuduxauwn pasusiit (0,5 +0,51,,).

13.3.4.6. Pacuem nanpsaicenuii npu npou3BoabHOM CRONCHOM
HazpyceHuu

B o6meM cayyae, Bce NPWIOKEHHBIC Harpy3KH Ha MITYLEp MOXHO
PaxIOKHTh MO TPEM HANpABICHUAM, T.€. NpPEICTaBHTH KaK OXHOBPEMEHHO
neiicteyromue cunsl Fr, Fj, F>, u momentst M;, M), Mr. Tocne
ONpeAeNICHUA HANpPSKEHHH OT NEeHCTBYIOIIMX CHI H JaBJICHHSA, CYMMapHEIE
HampshKeHHA B pacueTHRIX Tovkax (1-8) ompenensiorcs ¢ y4eToM 3HaKOB
cornacHo Tabn. 13.3.
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Tabnumna 13.3
MecrHble HanpsHKeHUA B cepHIecKoi 06009Ke B 30HE BPE3KH
mTynepa, pa60'ra10mer 0 IOJT ACHCTBHEM BHYTPCHHEIO JaBJICHWA H BHCIIIHHX
Harpy3oK coryiacHo [15]
@o;}qmyna OxkpyxHble (OTH. naTp.) tlalslalslel7ls
2 HAOPSOKEHHA, Og
13.57 Membpannsie 0T Fr -l -t-1-1-1-1-1-
13.58 H3rubnsie ot Fr -+ -+ -]+]-
13.61 MewmGpanHbie 0T M; - -+ |+
13.62 H3rubusie ot M, -1+ -
13.61 Mem6pannsie ot M, -l -]+ +
13.62 Wsrnbusie ot M; -1+ -
13.67 | Oxpywnsie HanpsKeHus OT JaBneHna Og, | + | + |+ [+ |+ | + | + | +
CymMapHbIe MeMOpaHHbIE OKPY)KHBIE HANPSKEHHA
Omo
CyMMapHbie OKpY)KHbIE Hanpmkenus Tg (13.5)
PagnansHble (OTH. DaTp.) 1l213lalslel7ls
HanpsiKeHds, Oy
13.59 MemGpannbie ot Fz -l -1]1-1-1=-1-1-1-
13.60 H3rubHere ot Fr
13.63 Mem6pannbie ot M;
13.64 H3rubueie ot M;
13.63 Mewmbpantsie o1 M;
13.64_ Hsrubusie ot M;
13.67 | PapmanbHble HampsokeHHs oT MaBNeHns oy, | + | + | + |+ |+ | + | + | +
CymMapHbie MeMOpaHHbIE IPOJONBbHbIC HATPKCHHUA
Omx
CyMmMapHBie npoionbHbIe Hanpsokenua oy (13.5)
13.65 Cupurossie Hanpsxenms ot M, Ll B o e e el e +
13.66 CrBurossie Hanpsoienus ot Fy -y -1+t
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13.66 Creurossie HanpmxeHns ot Fy ++| -] -

CymMMapHBbie CIBMIOBBIC HalIpOKEHU Tge

TIpuBeneHHEbIe 06LIHE HANDIKEHHS
Oixe

13.9

13.3.5. Hampy6ox wumyyepa, coedunennsiii co cihepusecxoii
obonouxoi

Ipu pacuere naTpy6ka HCIONB3YIOTCA OTHOCHTEIbHEIE 6e3pa3MepHbIe
YCHIIHS 1 MOMEHTHI, TOJTy4€HHBIE NPH pacyeTe chepHIecKor 06010UKH.

13.35.1. Pacuem nanpaxcenuii om curer Fg

OxpyxHble MeMOpaHHBIe HanpshkeHus oT cuibl Fg:
F,
Ons(Fp)=ng %, (13.68)
(s-0)

OxpyxHble n3ruGHble HanpskeHus B narpyOke oT cwiel Fp 1o
CPaBHEHHIO C MEMOpaHHBIMH 3HAYHTENBHO HHXKE, MI09TOMY HX 3HAYECHHAMH
npeHeGperaror.

OceBrble MeMOpaHHble HanpsHXeHUs OT CHIIBI Fg:

F
Ca(FR)="%, (13.69)

A
T

rae = 2 ((d +2s, )2 - (d +2c, )2) - pacueTHas MIOUIAdb

TNOTNIEPEYHOrO CEYEHMA NaTpyOKa.
Ocesble H3rMOHBIE HanpsHKEHHA OT CHAHN Fr IUIA BCEX PaCYETHBIX

TOYEK:
F
O (Fp) = [6mpe — 3, |—F— (13.70)
(sl - c: )
13.3.5.2. Pacuem nanpasxcenuii om useubaowe20 Momenma

Mz

OkpyxXHblie MeMOpaHHbIE HANPHKEHHS B PaCYETHBIX TOYKax 1-4 ot
mMomeHTa M) u B Toukax 5-8 ot MoMeHnTa M>:
M

M —3
o (M) nw(s—c)z(d+2sl)

(13.71)

© Acconuanns «PocTex3KCnepTH3a»
© HayuHo-Texnieckoe npenpuatue TpyGonposoxn (000 «HTII Tpy6Gomposony) 173




CA 03-004-07 (CTII 10-04-02)
OxkpyxHbie H3rMOHbIE HANPADKEHUA OT MOMEHTA M]3 110 CPABHEHHIO C
MeMOPaHHBIMH 3HaYUTEIBHO HIDKE, IOITOMY MX 3HaUCHHIMH NpeHeOperaor.
OceBble MeMOpaHHbIE HATIPSXXEHUSE OT MOMEHTA M) B Toukax 1-4 H oT
MoMeHTa M, B Toukax 5-8:

M —M 3.72
O a )—;VT, (13.72)
4 4
rne W, = ”((d+2sl) —(d+2cs) ) PacUCTHBIH MOMEHT
32(d +2s,)

COMPOTHBIICHHA H3rHOY MonepeyHoro ce4yeHHs narpy6bxa.
OceBble U3rHOHBIE HANpPDKEHUSA OT MOMEHTa M; B Toukax 1-4 u OT
MoMeHTa M, BTOYKax 5-8:

M
oo (M) = (6my, —3nRM)(S — )2(‘d+2S ) (13.73)
1 s 1 -

13.3.5.3. Pacuem nanpsoicenuii om kpymawezo momerma Mr

OT KkpyTdlnero MOMEHTa B COEJUHEHMH INTyHepa H oOeuaiiku
BO3HHKAIOT KacaTeJIbHbI€ HAIPSKCHHS:
M,

=— T 13.74
27 125, -<,) =79

Ta

13.3.54. Pacuem nanpsxcenuii om cosuzosvix cun Fyu F,

Cunel F B Toukax 5-8 u F> B Toukax 1-4 cosmaror MemGpaHHEie
C/IBHIOBBIE HANPSHKECHHUA:

F'I(Z)

=— 9 (13.75)
zr(s-c)

TxB

13.3.5.5. Pacyem nanpsicenuit om enympennezo dagnenus

Kaxk u B cnygae nus coepuyeckoii obeyaiiki, MECTHRIe MeMOpaHHEBIE
HaNpPAXKEHHA OT BHYTPEHHErO JAaBJICHHA OMNpENEIAIOTCA B 3aBHCHMOCTH OT
kodpduuMeHTa  MHTEHCH(HKALMM  HANPMKCHHA,  NONYYEHHOro A

nonepe4Horo ceverus obevaiikn (13.3.27) Ig, = I,
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OKPY)KHOC HanpspKEHHE OT BHYTPCHHEIO [JaBJICHHMA BO BCEX
PAaCcYCTHBIX TOUKaX:

o - D+((s+s,)—c¢)
» = o 4(s+5,)—c) (13.76)

OceBoe HanpsHKeHHE OT BHYTPEHHETO JABJIEHHA BO BCEX PACUYETHBIX
TouKax onpesensercs no dpopmyie 13.3.72npu [, =1.

Ecim pacuernmiit  kodpduument I < 1, To mma omnpenencHus
OKPYXHBIX ¥ OCEBBIX HalPSXKEHUH BO BCEX PACYETHBIX TOYKAX BPE3KH BMECTO
ko3bduuMeHTa HHTeHCHPuKauuH B dopmynet (13.3.72) mnoacraBnsercs

soipaxcenne (0,5+ 0,57 @)

13.3.5.6. Pacuem uanpscenuii npu npou3e0abHOM CIONCHOM
HazpyssceHuu

B o0meM ciyuae Bce NpPHIOKEHHbIE BHEIIHHE HAIPY3KH Ha INTYLEP
MOXHO Ppa3zlIOKHTh IO TPEM HamNpaBl€HHAM, T.€. MNPEICTaBHTh Kak
omHoBpemeHHO Aeiictyromue cuisl Fg, F¢, Fr, n momentst Mc, My, M.
IMocne onpenencHHs HanpsXXEHHMH OT AEHCTBYIOLUMX CHJI H JIaBIEHHA
CyMMapHBI€ HAaNpPSXXEHHS B pacyeTHbIX Toukax (1-8) ompenmensiorcs ¢ yyeroM
3HaKOB cornacHo Tabiu. 13.4.

Tabnuua 13.4

MecTHble HanpsHKEHH (C YI€TOM 3HaKOB) NAaTPyOKa B paCYETHHIX TOYKAX 30HBI
BPE3KH, HArPY>KEHHOH BHYTPEHHHM JaBJICHHEM H BHENHUMH Harpy3KaMH COIJIaCHO
[15]

Q)o;;:;yna OKpyXHBbIe HaNPAKeHHs, Oy 11213 ]4|5]|]6]7]8
13.68 MemGpannbie ot Fg -1 - -l - - -1 -1-
13.71 Memb6panssie oT M;

13.71 Mem6pannsie oT M,

13.76 OKpyXHEIe HAPSKEHUA OT laBeEmA O, | + |+ | + [ + [+ | + [ + | +
CyMMapHEle MeMOpaHHbIE OKPYXKHBIE HANIPAKEHHS Oy,9

13.5 CyMMapHble OKpYKHEIE Hanpsxenns Og
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OceBble HANpsKeHAs, O 1121345617
13.69 MemOpannsie ot Fg -1 - - -1 -1-1-
13.70 HWsrubnsie ot Fr - | + - + 1 -1 +] -
13.72 Mewm6pannsie ot M; - -1+
13.73 H3rubusie ot M; -+ |+
13.72 Membpaunsie ot M; - - + | +
13.73 Hsrubusie ot M, -+ + -
13.76 OceBrle HAMPSKEHHA OT AABNEHUA Oyp ++PF ]+

CyMmapHbte MEMOPaHHEIC OCEBHIE HATIPAKEHHA Oy

CymmapHsie oceBHbIC Hanpsbkenus Oy (13.5)

13.74 Capurossie Hanpskerns ot M,
13.75 Casurossle Hanpsuierns ot Fj
13.75 CaBurosele HanpsmkeHus ot
13.5 CyMMapHEIe C/IBUTOBBIC HAMPKEHAA Tg,
13.9 IIpaBeaenHbie 061He HANPSAKCHAS
Oixe
13.4. Kecmkxocmb mecma coedunenun wmyyepa

13.4.1. Obwue nonoxucenus

Pacuer xkecTkocTel (NomaTIMBOCTEH) MeCTa COSAMHEHHS LUTYLEpA C
cocyioM (anmaparToM) NpOU3BOAKTCA B TPEX HallPaBIICHHAX:

JNTHHeliHast XEeCTKOCTh BIO/b OCH wTynepa (ocesas), K, ;

YIJIOBas KECTKOCThL B NONEPedHo# IIockocTH obevaiixu, K PR

YT/10Bas XeCTKOCTh B IPOJOJIbHON IIOCKOCTH 0beuaiiku, K, .
CoOTBETCTBYIOILIME ~ YKa3aHHBIM  JKECTKOCTAM  IOJATIMBOCTH

I 1

MpeACTaBIAIOT co60it 06paTHbIE BEMHYUHBl —— § —— ;——— .
Ky K, K,
Cea3n wityuepa ¢ ofevaiikoif B OCTalbHBIX TpPEX HalpaBJIEHUAX
NPHHUMAIOTCA a6COMIOTHO XecTKUMH. [TonaTIMBOCTH B 3TOM CIIy4ae 3a1aloTcs
PaBHBIMH HYJIIO.
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B cmydae ecnu KOHCTpYKIMA Bpe3kH WTylepa M oOevaiiku He
YAOBJICTBOPAET YCIOBHAM NpHMeHeHHA (cM. m.13.2.) (HampuMep, HaKJIOHHbIH
HITYnep) nenecoo6pa3Ho MPHMEHHTh METOA KOHEYHbIX 3JIEMEHTOB.

13.4.2. Iunundpuueckasn obeuailika

Onpenenenne OCeBOH  XECTKOCTH  BpE3KM  IOTylepa B
LWWIMHAPHYECKYI0 00cyaiiy NpOBOAHTCA C NOMOLIBIO 3aBHCHMOCTEH
6e3pasmepHoro mapameTpa |: 5 ERx ] OT TEOMETPHYECKHX XaPaKTEPHCTHK

R

AeTancH Bpe:um( R, ) s { C } H ( L J [44], npencraBienHbIX Ha puc.13.6,
s R,
riae & - NMEPEMEIIEHHE IUTYLIEpa BOOJb €10 OCH;
R = D+s

m

- CpemHHMil pagMyc WWIMHApHYECKOH oOeuaiiku 6e3

yu€eTa KOpPO3HH;
L. - >bdexruBnas jmHa uMmHHApHYECKOH obevaiikk, B Cclydae

CMELIEHHA OCH IUTyLepa .OTHOCHTENIBHO LEHTpa ofevaiiku Ha L,
2

L, =L- 42"‘ (puc.13.1);

C =0.425(d + 2s,) - npusenennmpii panuyc mTynepa.

OceBan KeCTKOCTb ITylepa (pagHaibHas obeyaiiku) B MecTe BPE3KH
onpenenseTcs Kak:

K, = Fo _ ER, (13.77)
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Puc.13.6. OTHOCHTENBPHOE paqHalibHOE NepeMELICHHE 00eyaiky B
30HE Bpe3Ke MTylepa
Jlia  onpeneneHHs HM3rMOHOM JKECTKOCTH BPE3KH INTyLEpa B
nonepeyHoii Ky W mpogonbHOH K; IUIOCKOCTAX 0O€YalKHM HCIONb3YIOTCA

M
3aBHCHMOCTH 0€3pa3MepHBIX [1apaMeTpoB -TH& OT T€OMETPHYECKHX
Es Do)
1= (d + 25 ) 2R,
XapaKTepUCTHK neraneii Bpesku A = J—
2R s
s
--- |, npeacraBnennsix Ha puc. 13.7 , 13.8.
S
rne M,,, - wsruGaomwit Moment B nonepeunom (6 ) m

npoaoNBHOM (L) HampaBieHHAX 06e4aiiki COOTBETCTBEHHO;
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@py - Yron IMOBOPOTa WITYLEPa OT M3rMOAIOMmEro MOMEHT B

nonepeunoM (&) 1 nposonsuoM (L) HanpaBneHHSX COOTBETCTBEHHO;
L - 21° -8L;,

? L+2J02507 12

olpeAcaeH!A H3THOHOH XKECTKOCTH.

a¢dexTnBHat anunHa obevaiiku 1A

A

H '
R AU 0 14 LA G A

Puc.13.7. OTHOCHTENIbHOE YITIOBOE NIEPEMENIEHHE B IPOAOIHLHON
mwiockocth npu A 210

Puc.13.8. OTHOCHTEIBHOE YIIIOBOE NEPEMELIICHHE B TIOTIEPEYHOMH
IUIOCKOCTH 00euaitku
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N3ru6uas xecTKOCTh B OKPYKHOM H IPOAONLHOM HaNpPaBJIEHUAX:

M M
Koy = "D =Es’| %0 (13.78)
Pory Es @y

13.4.3. Ccpepunecxan obeuaiixa

OnpeseneHne KECTKOCTH B MECTe BPe3KH IITylepa B cepHuecKyio
obevaiiky BAONL OCH INTyEpa NPOM3BOIAMTCA C MOMOIIBIO 3aBUCHMOCTH

Es?
6e3pasMepHoro napamerpa | & PT OT reOMETPHYECKOi XapaKTEPHCTHKH
R*™m
) 0.91(d +s,) 5
Aetaneif Bpe3ku | 4 = ————=—— | [44], npeacraBneHHo# Ha puc.13.9.
-‘f mS

PacuetHas cxeMa Bpe3kH IITyLepa B cepuyeckyro obedaiiky, kak 1 B
ClIy4ae TMpPOYHOCTHBIX PacyeToB, MOXET TAalKe HCIONbL3OBAaThCA IPH
OMnpeIeTIEHNH JKECTKOCTH COSAHHEHHS IITYIIEpa B SJUTHITHYECKOE JHHUILE.

Ilpn sTomM mns onpeneneHus R HCIONb3YETCA PacueTHBIA AHaMeTp

V1A JJUTHNTHYeCKHX Jquum o (13.53).
04

1.1-1e]-3-3-2- *
$303 Ay ty

~r”

%+ 4=¢

BYFEY

ri4-
KRN

035
Es? 3
[ ‘F.R ][13 i\ o

025
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FESNR

abeame
P
4

H
EASERBH S ENY
ERSER R

-

KN

02

ERVRRYS . ofR

BRERY ERSEY P ERSE FEEY
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015

PRUY NG FE

01 13- +
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-
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Ed . EXIE
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werromlaa

1

o R e ] 3
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Puc.13.9. OTHOCHTENBHOE panuanbHOE NEpEMeNnIeHHE mITylepa

PaauanbHad JKECTKOCTh OOeuafikm B MeCTe Bpe3KH IUTYLEpa
OnpeaefAeTCs KaK:
Es? (13.79)

© Acconmauus «PocTexsKcnepTusan
180 © Hayuno-texuugeckoe npeanpusatue TpyGonposon (OO0 «HTII TpyGonposoa»)



CA 03-004-07 (CTII 10-04-02)
Jns  onpeneneHus W3rHOHOH JKECTKOCTM BpEe3KM 1UTylepa B
IUIOCKOCTH JIeHCTBHS MOMeHTa M HCIIONB3yeTcs 3aBHCHMOCTS Ge3pasMepHOro

2
napamerpa & OT FEOMETPHUYECKOH XapaKTEPHCTHKH ACTANICH BPE3KH
M |R
Zm
s

:
L, _091d+s)

, IpeACTaBIeHHOH Ha puc.13.10.

Puc.13.10. OtHocuTensHOE pagualIbHOE IIepeMELLIEHHE Kpast IITyuepa

Ilo mnomy4YeHHBIM  NEPEMEMICHHAM  ONPENEISIOTCS  YTJIOBBIE
nepeMelICHHA OCH LITyLepa:

0

- 13.80
P 05d+s) (1359

TakumM 06pa3oM, u3ruGHas KECTKOCTh BPE3KH MITyLiepa:

M 05(d+s)Es’

Kb= = (13.81)
4
}’R__m 5 ES2
Vs |M /R_—m
s
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14.Cocyanl ¢ pybamikamu

Pacuer cocynoB ¢ pybamikaMH Ha NPOYHOCT H YCTOHYHBOCTD
NpOBOJMTCA Ha OCHOBAHHH [9].

14.1. Pacuemmnvie cxemuot

PacyeTHble cxeMul cocynoB ¢ pybamkamu ImpHBEJCHBI Ha pHc. 14.1-
14.4.

Puc. 14.1. Cocyasi ¢ U-o6pasHoit py6amkoi

a — C COMPsKCHHEM IIPH MOMOLIH KOHYCa, 6-c CONPAXKCHHEM NMPH MOMOIIH KONbLA

a 6

Puc. 14.2. Cocynsl ¢ miHHApHUecKoi# pybanikod
a — C COMpsKEHHEM MPH MOMOLIH KOHYca; 6-C COMPHKEHHEM NPH TIOMOILHM KOJIbLa
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Puc.14.3. Cocyapl ¢ pyGamkaMH, CONpAXEHHRIMH ¢ KOPITyCOM COCy/1a

aHKepHRIMH Tpy6aMu win oT60pTOBKOH
a — ¢ oTGOpPTOBKO#; 6 — C aHKEpHHMU TpyGaMu

S

~

L

JUUUUHUHA

-y

*

Puc. 14.4. Cocynsi co 3MeeBHKOBRIMH KaHAJIAMH
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= 2

Puc.14.5. Cocynpl ¢ perucTpoBbIMHM KaHANAMH

Obwee ycaroeue npumeHeHus:.
pacyeTHble GopMynbl NMPUMEHHMMBI NpPH YCJIOBHM, 9T0 B pybamke
JeHCTBYET TONLKO H30LITOYHOE BHYTPEHHEE NaBIeHHE ( p, 20 ).

14.2. Cocyowt ¢ U-ob6pa3noiu pybawukoii

Yenoeua npumenenus:

D

22 12 0001< S <08 P2 i} Sz<2. (14.1)
D D D s

Jlnst conpsDKeHHit NPy OMOLM KOHYCa:

a=30°, @=45° paauyc or6opToBKH 1 = €0~ D% 0,55, (14.2)

l-cosa

15 CONpAKEHHA PH [IOMOITH KOJBLIA:

hy 21,55, - a1s U-o6pasHoii py6auky;

0,5+/Ds > hy > s, - I WATHHAPHYECKOi pyOamKy. (14.3)

JlnaMeTp OKpYKHOCTH CONPSHKEHHA PyOalIKi ¢ MHHIIEM Cocya:

dl < 0’4D2 (14.9)
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14.2.1. Hununopuueckue obeuaiixu

Pacuer mmnuHapuyeckux obedaek pyGalikk 4 cOCylia Ha BHyTpEHHEE
H30BITOYHOE fAaBiacHue mpoBoantcs mo n.3.2.1. PacuerHoe naBnenme mis
py0alliku paBHO P, H PaCYeTHOE AaBIEHHE I cocyna p, eciau p > 0.

Pacuer umnuHapudeckoit obeyaiiku cocyla Ha HapyXHOE JaBIICHHE
npoBoautcs no n.3.2.2. TIpu p < 0 3a pacueTHOe AaBlICHHE OJI BCEro coCyaa

NPHHMMAETCA |p , @ JUIA 30HBI pybamxu p; + p . Ilpu p > 0 pacuyersoe

JaBlIeHUE B 30He pyballku paBHO ). PacueTHsle IIMHBL 11s Beero cocyaa L u

I 30uel pyGamku / onpenensiorcs no n.3.1.

Lunuanpuyeckas CTEHKa COCyAa €  KOJNBLUAMH  JKECTKOCTH
paccunTEIBaeTca no mn.3.3. HanpamnsionMe CIHpalH paccMaTpUBAIOTCS Kak
KOJIbL[A KECTKOCTH, €CITH BHIIOJIHEHb! CIEYIONIME YCIOBHA:

a) mar coHpai I, nowxel 6uith He 6onee 0,3 D. Ecny YuCIO BUTKOB

HanpaBJAOIIEH  CHPAIH n <1, TO uWmMHApHYecKas  obeuaiika

PacCYNTHIBAETCA KaK IJIaJIKas;

6) 3a pacueTHy!0 ANHHY /, OPHHMMAeTCA pPacCTOAHUE BAONb OCH
COCYAa OT KOHEYHOH Toyku pacueTHOH mmmHel (pHc.14.1.1) no Touku
3aMBIKaHHsA NEPBOro BHMTKAa HAMpPaBJAIOLICH CIHpATH, OXBaThHIBAIOLIETO BCIO
OKPYXXKHOCTb coCyna. Jlis HanpaBiAOIMX CIHpaJieH, BBINOJHEHHBIX C
KOHIIEBBIMH KONBI[AMH, JUTHHA /; NPHHUMAETCS PaBHOH PAaCCTOAHHIO BIOJb
OCH cOCy/ia OT KOHCYHOH TOYKHM PacyeTHOW JUIHHBI 1O KOHIIEBOI'O KOJbLA;

B) pacdeTHbIE JUIHHBI b, /; u [, npu pacyere o n.3.3 onpeaensiorcs no

dopmynam:
b=max{t, —t;1, 0,5t} (14.5)

I = ! : (14.6)

n, -1

I, =minf,;t +11yD(s—c)} (14.7)

r) TMomepevyHOE Ce4YEHHE HaNpaBIAOeH CnUpanyn  JOMKHO,

YIOBJIETBOPATh YCJIOBHIO ﬁ < 8, 4TO6BI HCKIIOYHTH NOTEPIO YCTOHYHBOCTH
t
M3 IUIOCKOCTH;
n) s obecrieyeHHs MPOYHOCTH OOOMX YIJIOBBIX INBOB HA
HanpaBJIAIOIIEH CIHPANH KODKHO OBITH BHIMOIHEHO YCIOBHE:

a>%.

> (14.8)
@D
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PacuerHbifi  KO3(OHUUMEHT CBapHOrO MIBA (o) ONPENCNACTCA Kak

OTHOIUEGHHE JUIMHBI CBapHOro mmBa Kk obme# namae crmpard. [Ipu sTom
PaccTosHHE MEXIY AByMs KOHIIAMH NPEPBAHHOTO IIBA HE JODKHO MPEBLIMIATH
BOCBMHUKPATHOH TOJILHHB CTEHKH 0O€4alKy s, a CyMMa JUIMH CBapHBIX IIBOB
HE JOJDKHA OBITh MEHbIIIE [TOJIOBHHBI HAPY)KHOH MOBEPXHOCTH HaIpaBIAIOnICH
CIHpAJIH Ha OAHOM BHTKE. O6a koHLa CITHPpAJIM AOJDKHBI HAYHHATHCA MIBOM.

14.2.2. Juuwa

Pacyer BeimykIbIX OHHMILI HAa BHyTpeHHee H30BITOYHOE M HAapYXHOE
JIaBJICHHE IPOBOAHTCA 10 I.4. PacueTHble JapieHus omnpenesiores n.14.2.1.

Ilpu pacdere nuuuIa pybalKky OTBEPCTHE AHAMETPOM dl HE
YYMTBIBAETCA.

14.2.3. Conpsacenue pybauxu ¢ KOpRycom cocyoa npu nomMouit
Konyca

Ha puc.14.6. npeacraBieHsl pacyeTHRIE CXeMbl CONPHKEHUs pyOamku
C KOPITyCOM.

a 6 B r
Puc.14.6. Conpsxenne pyballky ¢ KOPIYCOM COCYZa IPH MIOMOIIH
KOHyca
14.2.3.1. Bcnomozamenvrvie napamempei.

Koa¢dpumment oceBoro ycunus:

4.bp-d! (14.9)
D;

Koa¢dduumenT, yuuTHIBAIOMMA PACCTOSHHE MEXTY KOPIYCOM COCYAa
¥ py6amIKom:
- € (14.10)
VD, (s, —¢)
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Koadduument panuyca koHHueCckoi oT0OPTOBKH:

0 ona kouycoe no puc.14.2.1.a,6 (14.11)

pP= LO’SS’ 0ns Konycoe nouepm.14.2.1 8,2
A [D, (s,—¢)

KoadduimeHT IUIMHBI CONPKEHUA:

26+0,25p  onaa =30°
1= (14.12)

|ev2+0,450 onsa = 45°

Ko3dduuueHT OTHOLIEHHA IPOYHOCTH KOPITyCa COCYAA H pyOaIlKH:
[eks-e)/D(is-0) (p—p,)D] (14.13)

. {]_ pD + ‘]_, =
[oLis:—eWDu(s; ) [V 2oks-o) V' 2oks-o)
Ecm B cocyzne BakyyM (p < 0), To B ¢opmyny (14.13) noacrasnsior

=125

p=0.
PacyerHrle KO3pPHUHEHTHI TPOYHOCTH CBapPHOTO LIBA:

Pu=@n> (14.14)

@ras — ona kowycoé no puc.14.2.1.8,2
i (14.15)
Prz = @rp.ecnuly < 0,5,D,(s, —c)
1,0, eciuly > 0,5,/D,(s, —c)

OTtHocHTENbHAA 3G ¢eKTHBHAsA Hecyllas JUTHHA KOHyca:

sina ’d 4cosa

Jlonmyckaemoe H36LITOUHOE JaBiicHHe B pybailke:

} - 0na koHycoe no puc.14.2.1.a,6

[p.]= ok, =00, 8 (14.17)
2 - .
D,+(s,—c) A
Ko3dduuueHT conpsskeHns npu NOMOMmM KOHyca
B=2/%2"9 ninfx,. x,: X, )}, (14.18)
2
e y =c°5a'(¢m+¢’nz+ly~); (14.19)
! £ 4cosa !
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X2=f2\/1+¢k2; (14.20)

X, =+ 20 g (1421)
4ucosa

Koaddnument npourocta [ :

2 —
l(1+/?.+,1'—g_—'¥)—] ona ,%>|l I
f = 2 4z 2 (14.22)

. |z -1
A+ min{l; 7} djvz/ls——z—.
Ko duuuent mpounocru f:
-mpn a=30° f, =1,22(1+0,51p+2¢z), (14.23)

£
2( %) ONA €2 &, .
2 ’

&
1+( %j oA € <&,

£, =0,38,1+0,54p+0,15p >
-mpn a=45° £, =0,71+0,52p+ ¢z, (14.24)

2(5%) MmAE2E,

Tae z = 2 H
1+(8%j o e< &,

& =0,60-/1+0,83p+0,37p°

e ;-

Koadduuuent npouroctn  f;

0,2
=30° i ( £ ) 14.25
- IIpH a= f3 = ,\/§ 4 3 ( - )
24£+p2max{0; -915] -1
~3e
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4
(%)
£ (14.26)

O 3
123+p2max{0;( ’5) —1}
£

Koa¢dunment npounoctn f,

- IIpH a=4S° f3=1+

-mpn a=30°
4
. 456 p . 3 (14.27)
=3 L LO8+——p+— 1
2 /3 max mm{ N 1006‘} 3 o 1+ «/55(1+w/§s(l +9,5£))
-npn a=45°
4
S, =max{1l;min<1;0,8 + 6,0 + Bmin I; 3 (14.28)
100e| 2 1+ &(l+ (1 + 5,5¢))
14.2.3.2. Onpedenenue pazmepos CONPAICERUR NPU NOMOUU

KoHyca.

TonmuHa CTEHKH KOHYCa NODKHA GbITh paBHa MAH 60JIbIIE TONIUHEI
CTEHKM CONpPSKCHHOH UWIMHApHYeckoi pybamkn. Ecmm  HeoGxomumo
YBEJIHYMTE TOJIIHHY CTEHKH KOHYCa, TO CleqyeT OQHOBPEMEHHO YBEIHYHTb H
TONIHMHY CTEHKH CONPMKEHHOH IMWIMHApHYECKOH obcdadku pyOamku Ha
IUTHHE

= 0,7/D,(s, —c) 0as xomycos no puc.14.6.a,6; (14.29)
0,5\ D, (s, —¢) ona konycos no puc.14.6.6,z.
PacueTHas TOMIIHA CTEHKH KOHyca:
_ p.D, (14.30)
Spp=—— g
2["]2 ¢p2 'g_ P2
Vci0BHE BHIONHEHHA IPOYHOCTH CTEHKH KOHYCa:

s22sptc (14.31)
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14.2.4. Conpsaxcenue pybawiKu ¢ KOpnycom cocyoa npu nomMouiu

Konbua

Puc.14.7. Conpsxerue py6aluky ¢ KOPILycoM COCyAa IpH MOMOLIH
KOJbLA

Bcnomozamenvnoie napamempul.

Pacuerhbie k03 $HLUHEHTE TPOYHOCTH CBAPHOrO 1IBA:

1,0

P
Pry = {Orz

IMapameTpsi konbLA:

hy—c .
D(s-c) ’

onsa koney no puc.14.7.a,6,2

onaxoney no puc.14.7.6

ona koney no puc.14.7.6,¢
ona xoney no puc.14.7.2

OTHOCHTENLHBIH MOMEHT HarpyXeHUA:

_% Dz2

p=— ————A
by, 2D(s-c)

rae A — ko3¢puLHeHT oceBoro ycuius no ¢opmyie (14.9).
OTHOCHTEINEHBIH pSakTHBHBIH MOMEHT B CTEHKE COCYa:

(14.32)

(14.33)

(14.34)

(14.35)

(14.36)

(1437)

© Acconuanms «PocTexakcrepTasan
© HayuHo-texunueckoe npeanpustre TpyGonposoa (000 «HTII TpyGonposon»)



CA 03-004-07 (CTIT 10-04-02)

p o fols=o) |, 1 pD 2_1((;:—1:2)13’ (14.38)
Y 2A0)e@pbe | 2\2ols-0)) 2{2Aolks—c)

Ecmi p > p, > 0, 1o B hopmyay (14.38) noacrasnsior p = 0.

OTHOCHTENBHEBII PEaKTHBHBII MOMEHT B CTEHKE Py0aluku:

— [o],(5; = €)@, . D,(s, —¢) (14.39)
P 2Aoly@,be  D(s-c)

OTHOCHTENIBHBIH PEaKTHBHBI MOMEHT B MECTE CONPSDKEHHA KOIbLA
€O CTEHKO# cocyaa:

M; =min{QH; (1 + 2H)M;} (14.40)
Honyckaemoe n30bITOYHOE AaBieHKE B pybamke:

g
[p,)= 2 + M, + M) 1";’” (14.41)

0

PacueTHas BRICOTa KOJIbLIA:

, =VvD(s— cmax“ Q ‘/PM M~ M, + M} - } (14.42)

Ilpu nHanuuun B dopmyne (14.42) oTpHUATENHHOrO 3HAYECHHUA MO
3HAKOM pajuKajla COOTBETCTBYIOUIMI “WIEH MPH ONpeIc/ICHHN MAaKCHMyMa He
yunteiBaloT. Ecim B 00oMX uneHax 3HAaYeHMH NOA 3HAKOM pajgukana
OTPHLATENbHEI, TO TOJNIHHY KOJNbLA onpeaenstior o (14.3).

VYcri0BHE BBINOIHEHUS IPOYHOCTH CTEHKH KOMbLA:

hy 2 hy, +c (14.43)

Pa3Mep CBapHOTro 11Ba MEXIY COCYIOM H KOJIBLIOM ITPH CONPSKEHHUAX
(cM. puc.14.7. a,6,r) 1OMKEH YAOBIECTBOPATh YCIOBHIO:

p.D
. max{z( 54100, (PMy =M = H?)

2 ' min{[cr]0 ; [0']}

14.2.5. Hazpy3ka om cobcmeerntozo geca

hy } (14.44)

az

Cob6ctBennsie Beca G 1 G BHI3BIBAIOT B KOHYCE WIIH B KOMIBLE OCEBOE
ycuine

Fa +G,, ecau onopyl Ha cocyoe (14.45)
|-G, ecu onopwt Ha pybawxe
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Hecymas cnocoGHOCTh OT COBMECTHOTO JEHCTBHA OCEBOTO YCHIHA H
H30BITOYHOTO JaBieHHs B pyOaliike orpeaensercs no popmye:

P, 4F

[;1] z 52 ]Dz2 A
rae [p,] — nomyckaemoe H36bITOUHOE AaBineHHe No ¢opmyne (14.17)

UL COTPSKEHHA MPH MOMOIM KOHYca H 1o ¢popmyne (14.41) s conpsykeHus

IIPH [IOMOILH KOMBLIA;

A — xo3dpduument ocesoro ycunus no popmyine (14.9).

<1, (14.46)

14.3. Cocyosi ¢ yununopuueckumu pybawxamu

VYcnoBus NpUMEHEHHA pacyeTHhIX (opMyn Takue Ke, KaK H Ui
cocynoB ¢ U- o6pa3nbiMi pyGanikaMu.

14.3.1. Luaundpuueckue obeuaiixu

Hunuaapuyeckne obGeyaKH pPacCUMTBHIBAIOT B COOTBETCTBHH C INL
14.2.1.

14.3.2. Conpsadicenue npu noMowiu KORyca

Konudeckue conpskeHUs YAOBJIETBOPAIOT TPeOOBAHMAM MPOYHOCTH,
€CIi OHM BBHINOJHEHbl C TONIMHOH CTEHKH, PaBHOH TOJIHMHE CTEHKH
LWTHHAPHYECKOH oGeyaiku pyOallkH, H BBHITIOIHAETCA YCIOBHE:

e, <18\D,(s, —c) (14.47)

14.3.3. Conpsaxcenue npu noMouiu Koasya

PacuyeTHas BHICOTa KOJIbLA:

P,
ho,, =0,6¢, (14.48)
’ (o],
YcnoBHe BBINOITHEHHA MPOYHOCTH CTCHKH KOJIbLIA:
hy > maxis,sh,, +c} (14.49)

Pa3smep cBapHOTro 1LIBa MEXAY COCYAOM H KOJBLIOM IIPH CONMPSDKEHUAX
o puc.14.2.a, 6, 2 HOMKEH YAOBIETBOPATH YCIOBHIO:

2
max{ p, e—“;min [o])e:A0c)- s
ho ko 14.50
a20,4h, . (14.50)
mm{[o-]o;[a]}
IUIA KOJIEN TIPH CONPSKEHMH 110 pHc.14.2.8:
a=hy (14.51)

© Accounauus «PoCTEXIKCIEPTH3a»
192 © Hayuno-rexunyeckoe npeanpustie TpyGonposoa (OO0 «HTII TpyGonposoa»)



CA 03-004-07 (CTII 10-04-02)
14.3.4. Hazpysxa om cobcmeennozo geca cocyoa uiu pybawu

ITpoBepka HecyuieH cnocoOHOCTH MPH HArpy’K€HHWH KOHMYECKHX HIH
KOJNIBLEBBIX CONPSDKEHHH COOCTBEHHBIM BecOM COCyJa HIM pyOalukH
npoBoauTca no popmye:

IF|< 203 lp: 14,
(14.52)

rae F — oceBoe ycunne no . 14.2.5.;

[P2] — nonyckaemoe u3bbiTounoe nanenue no dopmyne (14.17) ans
CONpSKEHHS TPH IOMOILH KOHYca U 1o dopmyie (14.41) qns conpsxeHns npu
NIOMOLIY KOJbIIA;

A — xoadduimeHT oceBoro ycwinsa no popmysne (14.9).

Ipn Hanuumu KoMmmeHcatopa Ha pybamke dopmyna (14.52)
NIPUMEHHMA TIPH YCIIOBHM, 4YTO OIOPHBIE 3JEMEHTHl HE PAacHOJIOKEHBl Ha
pybauike.

14.4. Cocyoust, yacmuuno oxeauernusie pybawkamu,
CONPANHCEHHBIMU C KOPNYCOM QHKEPHBIMU mpybamu u
ombopmoexkamu

Puc.14.8. Conpsxenue pybaiikH ¢ KOPITyCOM COCyAa
a — oT6opTOBKOii; 6 — aHKepHHIMH TPyGamu.

ﬂonwmumen bHble YCA08US NDUMEHEHUA

5,530'min{l;4JzJE};0’85%51,25;“20’7“’“‘{50"2} (14.53)
D D T

Pacuernas ¢opmyna nja conpskeHns oT60pTOBKOH NMPHUMEHHMa IIPH
yrnax or6oproBkn ot 30 mo 45° (puc.14.8) u NpH NMPOBAapEHHBIX CBApHBIX
IIBaXx.

14.4.1. Huaundpuveckas obeuaiixa

Pacuer umiaMHIOpHueckoH obeyalikM cocyna HAa BHYTPEHHEE
H30LITOYHOE JaBJIEHHE MPOBOAMTCA o 1m.3.2.1.
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Pacuer nmnmHapudeckoii obeyaliku cocyla Ha HapyXHOE JaBjCHHE
nposoaurca no 1n.3.2.2. Ilpu p < 0 3a pacueTHOE JaBJIEHHE IS BCEro COCYAa

NPHHUMAETCS p .

Yactr wwiMHApHYeckoi obevaiiku cocyaa, 0XBadeHHbIe pyGamkoi, 0
WWIHHAPHYECKHE 4YacTH pyOallky TpH HArpyXeHWH JaBJICHHEM p)
PacCYHTBIBAIOT O 1. 14.4.3. KaK IUIOCKHE YYaCTKH.

Ectu p < 0, To 4TOOBI HMCKIIOYHTH NOABICHHE BMSATHH Ha
LIHHAPHYECKOil ofeuaiike cocyna He0OXOMUMO, YTOOI:

(14.54)

14.4.2. Quuwa

Pacuer BeIMyKIBIX AHMIN Ha BHYTPEHHeE H3OBITOYHOE M HapyXKHOE
JlaBJIecHHe npoBoguTca no n.4. PacueTHble qaBieHus onpeneitorcs n.14.2.1.
YacTu JHHINA COCYAa, OXBayeHHble pybGamko#, H yacth pybaumxu B

30HE IHHINA IIPH HAarPyXEeHHH IaBICHHEM P, PacCYMTHIBAIOT no n.14.4.3 kax
wiockue ydacTkd. IIpy stoM B (OpMy/IBI BMECTO TONIIHHBEI CTEHKH

LMJIHHApHYECKOH obeyaiikn § MOACTABJIAIOT TOMMHY AHHINA cocyna S; H
BMECTO TOJIIMHBI CTCHKH IWIMHAPHIECKOH 0Ocuaiiki §» TONUMHY IHHULIA
pyOariku Sy.

14.4.3. [IInockue yuacmxu

JomyckaeMoe H30LITOYHOE NaBJIEHHE B pyOallke:
- U1 CTEHKH cocyaa
2

(s- C)2 PDy
=lo|X—=L . 1| - 2R (14.55)
- JUI CTEHKH pyOamku
PRY
[p,])=lc], - (szt—t") £ (14.56)
p'T

KoadpuumeHTsl NPOYHOCTH f5 U f5 ONPEREIAIOTCA B 3aBHCHMOCTH OT
OTHOLIEHHA dy/ty U OT OTHOCHTENILHOTO PEaKTUBHOTO MOMEHTa m:

1,8+2,3 d—“
/= % 1+13 o (14.57)

t
In—>
do
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B3+ q413m) % 1458
f6=£1+1’3 ’o, ( 5)
dO
rae ¢, = hptT - 3bdexTHBHEI mar aHKEpHBIX TPyO HIHM
oTOOPTOBOK;
1,0 ~ 0nA conpsdiceHuii ombopmosKoti;

m=y . aY Sy ’ .
minsL;| - |;] — —O0NA CONPANCEHUN AHKEPHLIMU mpybamu.
s.

2 5
PacuerHrie BeTHUHHBI LIIara:

=(s— @. _ _EDR;_Z i
t, = (s~c) - s | (14.59)

(*2
t,=(s,—¢).|" - fq (14.60)
2
PacueTHbI€ TOJOIHHH CTCHOK:

2
—y | P2 | _PDs (14.61)
=\l *[z[a}oJ

= P2 14.62
o\ LL (462

VYcn0oBUA BRINOIHEHHA IPOYHOCTH 3JICMECHTOB ILIOCKHX YYaCTKOB:

t, <minft;;, } (14.63)
s2s,+¢; (14.64)
5,28,,+cC (14.65)

Pa3Mepsl conpskeHH# MpH MOMOLUM KOHYCa OnpeaessioT no n. 14.3.2
H pa3MepHl CONMPHKEHHUHA NMPH NOMOILH KO/bLa — 1o 1m.14.3.3.

PaccTosHus OT kpas py6amiku 10 nepBoro psna aHKEPHHIX TPYS HiIH
O0TOOPTOBOK JOJDKHBI YAOBJIETBOPATD YCIOBHAM:

Ir ; (14.66)

t, <t, min 1;0,5+ ;
pJ 6
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ty <t min{1;0,5+ (14.67)
PacuerHas Tomuusa oTGOpTOBKH:
Pat b1
S2p = 22T : (14.68)
0,77(d, ~s,)min{lo}[o],}

2

rze ,,21_”[ﬁJ :
4\ t,

YcnoBus BEITOTHEHHS IPOYHOCTH CTEHKH OTOOPTOBKH:
S, =az2s,,+c (14.69)
Pacuernas TonmmnHa aHKEPHEIX TPYO:

P 2tptT'7
Sop = - (14.70)

" m(dy —2sy) mln{[o‘]o ) [0']; [‘7]2 }

VYc10BHA BHINONHEHHS IPOYHOCTH @HKEPHBIX TPYO:
az 1,41s0p +c; (14.71)
So 28y, +C- (14.72)

14.5. Cocyowt ¢ kananamu

YEeRMP MANCOCINU NOREPLHOZ0 CeYeHUR KAHARA

ts

Puc.14.9. Kanansl
a — NONYKpyTa0¢ cedeHHe ¢ V-00pasHbIM WBOM; 6 — MOMYKPYTNIOE CeYeHue ¢ YIIOBEIM
LIIBOM; B — CCTMCHTHOC CCYEHHE.
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Yenoeua npumenenus:

b, <0,1D;; h,=2s,; 20" <y<o0° (14.73)

PacuetHbie QopMynsl JUIA KAaHAIOB NPHUMEHUMBI TpH V-00pasHBIX
CBapHbIX HIBaX C MOJHBIM NPOBapOM, a UIi KaHAJIOB MOMYKPYIJIOrO CEYEHHs
TaKKe H MPH YTIIOBBIX MIBaX.

14.5.1. Hunundpuuecxkan obeuaiixa

Pacyer umnuHapHyeckoit ofedaiiku cocyda Ha BHYTpPEHHee
H30LITOYHOE AABJICHHE IPOBOAWTCA no 1.3.2.1.

Pacyer mummaapudeckoil obedaiiku cocyaa Ha Hapy)KHOE NABICHHE
nposoauTcs mo 1m.3.2.2. TIpu p < 0 3a pacueTHOe HaBleHHE A BCETO cocyia
MPHHHMACTCA | p .

B cocynax co 3MeeBHKOBHIM KaHauoM (puc.14.4) ero MOXHO
paccMaTpHBaTh KaK KOJBIO JKECTKOCTH H UHIMHAPHYECKYIO oOeuaiiky-
paccYMTBIBATh KaK YKPEIUIEHHYIO KOJNBLAMH JXECTKOCTH Mo n.3.3. npu
YCIIOBHH, 9TO YUHMTHIBAKOTCA CIEYIOLMIHE OCOOEHHOCTH:

a) mar 3MeeBHKOBOI'O KaHajia #; JomkeH Obith He Oonee 0,3D. Ecnu

n, < n, +1, TO uMnUHApHYECKYIO 00CualiKy PacCYMTHIBAETCA KaK TIaaKas
obeuaiika,
6) pacuernas miuHa /; npu pacuetre no n.3.3. ompezemsercs Kak

OCEBOE PAcCTOAHHE OT Hayalla MJIH KOHUA pacqeTHOH miuHbl (puc.3.1.4) no
MECTa OKOHYAHHs IIEPBOro BHTKA 3MEEBHKOBOTO KaHa/Ia, OXBATHIBAIOLIETO BCIO

OKPYXXHOCTB pyGaniku;
B) pacdeTHbIe 3Ha4eHuA b, /; u /, npu pacuere no n.3.3 onpexaensiorcs
no popMmynam:

b=max{t, —b,;1, -0,5b,;b,} I, = L
n,—ny—1

! —mi £,;2s, —c)+b, + L1 D(s —¢);t, — b, + L1y D(s —¢); (14.74)
‘ 2(s, —c)+L1/D(s —¢)

r) Hcrnoib3yeMble B 1.3.3. BennuuHsl e, I, U A, ONPECASAIOT IO
dopmynam:

e=e, =$=¢ +0,65hy; I, =rh(s, —c)0,3-§}(;—°;
r(s,—or r ona p, <0;
4. = 90° (14.75)
=
Yy T P
- ————-7—-h,b, 0 >0.
ry(s, c)ﬂ'90e 1 [0_]2 ,b, 0na p,
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Iumagpryeckyio obeyaiiky cocyna IIPH HArPYXKE€HUH [aBJICHHEM D,
B KaHaXaxX pacCYMTHIBAIOT KaK mojocy ofedyaiku mUpHHOH b, mo m. 14.5.3.

14.5.2. IMonoca obeuaiiku nod Kananramu

JlomyckaeMoe u30HITOYHOE NaBNEHHE B KaHAIAX MO OKPYKHOCTH
LWIMHAPHIECKOH o0eyaiiku:

[p,]-— ek —<)’ (1 L b ] (14.76)

b} +4r,(s —c)cos y 2D(s —c)
Ecnn p < 0, TO IOJKHO JIOTIONHHTENBHO BEINONHATCS YCIOBHE:

P2 o |p|D D(s—c)+b; (14.77)
e, |4loks-c) | D(s—c)+0,562

Ecmu pP2>p> 0, TO AOJDKHO AOIOJHHTEIBHO BHIIOJTHATHECA YCIIOBHE:

PP _<_1_( pD ) (14.78)
[pz ] 4[‘713 -c)

JlonyckaemMoe M30BITOYHOE MaBIICHHE B KaHajlaX BJIONbL OCH
UHJIHHAPHIECKOH 00eyaiiki H KaHaJIaX Ha JHHIIE:

_4oks-o)*|,_(PDe=2pynscosy Y 1470
[])2]— b2 : ( Z[Gks-—c) (a7

14.5.3. Jquuwa

Brinykible JHMINA PacCYMTHIBAIOT MO 1.4 HA BHyTpPEeHHee H30LITOYHOE
JIaBIeHHE C PaCYeTHBIM JABJICHHEM P, eciiH P > 0, H Ha HapyXXHOE JJaBJICHHE C
pacyeTHbIM JaBleHHeM p, ecnd p< (. Buimyxuible JHMIIA NPH HArpyXeHHH

JaBIICHHEM P B KaHAIAX PACCYMTHIBAIOT KaK MOJNOCY Obeyaiiku mupuHOi b)
no . 14.5.2.

14.5.4. Kananw

Bcnomozamenvrwvie napamempi.

KosdduumentT mnoHwkKeHHs NOPOYHOCTH V B 30HE cCONMpsHKEHUs
ITyllepa C KaHaioM paccyMThiBaloT no 1m.10.4. Ecnu kaHan u mrynep
BBITIOJIHEHBI M3 TPYOB! OAHHAKOBBIX Pa3MEPOB H MaTepHaNa, TO KO3HIHEHT
V paccuntriBator no popmyine:

po_ L (14.80)

09+ |—3
8(s, —¢)
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PacyeTHoe 3HaueHHE KOI)DHIMEHTa IPOYHOCTH CBAPHOTO 11IBA:
g V-o6pasnoro mea (puc.14.9. q, 6)

Prs = Pre = Pra; (14.81)
1 yriiosoro mBa (puc.14.9. 6)

Pps = mm{O 4;0,7 } @re = 0,4 (14.82)

S, =
Ko hHUMEHTEI OHMKEHHS IPOYHOCTH (; H @, KaHaJoB:
@y =min{V; 0y} @, = min{l ;0 } (14.83)
JormyckaeMoe H36bITOUHOE NaBJICHHE B KaHaJIe:
T,(§, —C
[p,]= lols, -9 ) (14.84)
r '

PacueTHas TOJIIMHA CTEHKM KaHaJa:

2r.
53y = 1 2P (14.85)
2[0]2 @, + P 2
YCHOBHH BBIMMOTHCHUA MPOYHOCTH CTCHKH KaHaJa:
, 2 8§y, +¢ (14.86)

IPH 3TOM pasMeEp CBAPHOrO 111Ba 14 YTJIOBBIX LIIBOB
a20,6s,, (14.87)

14.5.5. Pacnpederumensrsle Kana.1si 6 COCYOaxX C Pe2ucmpossiMu
Kanaxamu
Pacyer mponsBogar B coorBercTBHH ¢ m. 14.5.4. , mpuueM cieayer
HCNOJL30BaTh BEUYHHIEL V), @5, @, > ONpeaeniIeMsie no Gopmynam:

b
V=1 _t_z; @3 =Vps> @5 =Vpe (14.88)

ThE Pgs,Pre ONpenesaorcs no (14.82).
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15.Pacuer 3J1eMEHTOB COCYI0B H alllIapaToB,
paldoTaomIMX B KOPPO3MOHHO-aKTHBHBIX
CEpPOBOOPOACOAEP KALIHX Cpeax

Pacuer 31€MEHTOB COCYNOB H  ammnaparoB, pafoTalomux B
KOPPO3HOHHO-AaKTHBHBIX CEPOBOJOPOACOJACPKAMMX CPEAax, NPOBOAMTCA HA
ocHoBaHuHM [16,17].

15.1. Ycnosus npumenenusn

Meroanka npuMeHsieTCA UL COCYAOB H aNlapaToB W3 YIIIEPOIUCThIX
M HHU3KONETHPOBAHHBIX CTanei, paboTalOUiUX MPH CTATHYECKHX H
NOBTOPHOCTATHYECKHX Harpy3kax H Temmeparype He Bhime 200°C u
napuUMaJbHOM JaBjieHHH cepoBopopoaa 6onee 0,0003MITA [16].

B cocymax W anmaparax JOMKHBI IPHMEHATHCA CNEIYIOLIHE THITBI
BBITYKJIBIX JTHHIL!

- DJUIMIITHYECKHE C OTHOWICHHEM BBICOTHl BBIMYKJIOH 4YacTH K

aHaMeTpy g =025

- nonycepuyeckue.

Paccrosnue OT Kkpas wTyuepa A0 Kpasds BHEIUHEH IOBEPXHOCTH
BBIYKJIOTO JHHINA, H3MEPAEMOE MO MPOEKUHH obpasyromel Ha IUIOCKOCTH
OCHOBaHHS JJHHIIA, JIOJDKHO OBITh:

mpu § <10mm  0,10(D + 25);

npu § 210mm  0,09D+5s

IMatpy6ku ¢ BHYTpeHHEH 4acTH anmnapara HO0JDKHBI ObITh BBINOJHEHbI
3aM0JUTHILIO C aNMNapaToM.

OTHoleH\e TONMHHBI CTEHKH NMaTpy6Ka K TOJIMHE CTEHKH 00eyaiikn
WIM JHHUINA HE JOJDKHO MpeBbIaTh 1,5.

Ilnockue mnpuBapHbIE [HHINA RODKHBI MPHMEHATHCS TONBKO C
orboproBkoii (THn 11, Tabn.5.1.1).

KoHnyeckue AHMILA H TEpeXoAbl JOJKHBI IIPHMEHATHCS TONBKO C
OTOOPTOBKOMH HE3aBHCHMO OT LIEHTPAIBLHOT'O YTJIA [IPH BEPIIHHE KOHYCA.

Kosnbla XeCTKOCTH NPHMEHAIOTCS TOJNBKO C HAapYXHOW CTOPOHBI
obeuaiiku.

B cocymax u anmaparax, a Tailoke B TPyOONpoBOZaX [IOJDKHBI

MPHMEHATBCA (aHILI NPHBapHBIE BCTHIK Ha P, 21,6MITa. Jomyckaerca

MPHMEHATH TUIOCKHE NPUBAapHble (aHIb! IPH D, >400mm H P, <10Mla TP
JBYXCTOPOHHEM CILTOIIHOM MpOBape.
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15.2. Honyckaemsie nanpascenun, Koygp@uyuenmol
3anaca npounocmu

JonyckaeMble HanpsbkeHHs B pabounx ycaoBHAX [O] npu pacyere no
Tpee/ibHBIM Harpy3KaM:

R R
[]= 7~ min| e 22 S0z Ry (15.1)
n n

T ]

Kos¢¢uumentol 3amaca NpovHOCTH, B 3aBHCHMOCTH OT TIPYNIbI
annapata B paboumx ycioBHsix ompegenstorcs mo tabmupe 15.1. I'pynma
anmapara onpeaensiercs o {22].

Tabnuua 15.1

I'pynna annapara KoadduipeHT 3anaca npoyHOCTH
nt NB
1 2,0 3,0
11 1,8 3,0
1, IV 1,6 2,6

Jlonyckaemble HanpsoKeHHs MIf YCJIOBMH MOHTaXa, THAPO- H
MHEBMONCTILITAHHH M K0 dHIIHEHTHI 3anaca yCTOHYHBOCTH ONPEIENISIOTCS 110
m2.2.

PacyeTHple  3HAa4YeHHs  NpeAena  TEKYYECTH,  BPEMEHHOIO
COMPOTHBJIEHHA ¥ KO3)(PHIHEHTOB JTHHEHHOTO PaCIUMPEHUs MPHHHUMAIOTCS B
cooTBeTCTBUH C [IpHinoxenusamu 2,3.

JUn 31eMEHTOB COCYAOB H aNmaparoB, PacCUHTHIBAEMBIX HE MO
npesieNbHBIM Harpy3kam (HalpHMep, y3/Ibl BPE3KH INTYLEPOB WiIH (JiaHLEeBbIe
COeMHEHUA) AONyCKaeMble HANPHKEHUS ONpeIe/AIOTCS [0 COOTBETCTBYIOLIEH
HOPMAaTHBHO-TEXHHYECKOH JoKyMeHTauuu [11,16,10,41].

15.3. Pacuem obeuaex u onuwy

Pacyer obewaek M mpMm npousBomurca no mi. 3, 4. Ilpu sTom
BEJIMYHMHBI AOMyCKAEMBIX HANPAXKEHHH OonpeneIiorTes no m.15.2.

JlononHuTeNBHOH NPOBEpKE MOMIEKHT TONIMIMHA LTHHAPHYECKOR
obeyalikh B MeCTe NPHCOEMHEHHA ILIOCKOro OTGOPTOBAaHHOrO MHHMINA.
HanpskeHHs B MeCTe NIPHCOCAMHEHHA JIOIDKHBI OTBEYaTh YCIOBHIO:

D+s-c
a,P——-<15[o] (15.2)
2(s—c)
r(s—c)
rA€ &, ONpEAENAeTCs B 3aBHCHMOCTH OT ———— 5 o puc.15.1.
(D+s-c)
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0.5 -

0——— rs—c)
0 0.05 0.1 0.15 02 (Dts—0)

Puc.15.1.

15.4. Pacuem yxpennenus omeepcmuii

Pacuer yxperenus orBepcTuii B obedaHKax M JHMLIAX MPOBOIAMTCH
1o .10 ¢ nocaeyomieii MpoBepKOi YCIOBHI MPOYHOCTH.

PacyeTHoe HanpsikeHHe B MeCTe BPE3KH IITYLEPa B IIIHHAPHYECKYIO
06eyaiiKy TOJDKHO OTBEYaTh YCIOBHIO:

D,
Kp—2 " 9oy, (15.3)
2(s-c¢)

PacyeTHOE HanmpsDKeHHE B MeCTe BPE3KH LITYyIepa B BRITYKIOE JHHILE

AOJKHO OTBEYATh yCJIOBH}O'
D,
K;p—2—— e _15[(;],31 (15.4)

Koad)dmunemm untencndukammn  Hanpsoxennii K, K,

ONpeaec/IsATCA 1o rpaquaM HpPUIO)KCHP[ﬂ 8 B 3aBHCHMOCTH OT OTHOLIEHHH
dp ;8- ¢cH 5 ¢ .

D D §=c

4 P
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Ipu D—p< 0,05 penuumns: K ; creayer mpunmMath Kak A
P

P . os— -
otnomenus — = 0,05 mna coorercTyIOomMX 3Havenmit € u K1 76, |
» D, s—c

B cly4yae HCMOJIBL30BAHHA HaKJIaAHOr O KOJIbLIa ].I.IPIpHHOﬁ

l,2,/D,(s—c), B dpopmynax (15.3) u (15.4), a TaKOKe IPU ONpPE/ICICHAHN

K, K ; Bmecto (s —c) Heobxoaumo noncrapsath (5 +5, —C).

15.5. Ilpounocms Mecma 8pe3xu wumyyepa

Pacger Ha npoYHOCTL MecTa Bpe3KH PagHalbHOrO LITYLEpa OT
NEHCTBHS BHYTPEHHETO JAaBICHHS M BHEUIHHX Harpy30K IPOH3BOAMTCA MO
n.13.

Ilpy HCHONB30BaHHH HAKIOHHBIX M TAHTEHIHATBHBIX IITYLEPOB
Onpesie/ICHHE PpAaCYETHBIX pACTATHBAIOIMX HANPHKEHUH Ha BHYTPEHHHX
NIOBEPXHOCTAX Y3/MOB BPE30K JOMYCKAeTCd IPOM3BOAHTE YHMCICHHBIMH
metomaMH (MKDJ) c wucnomp3oBannem 3BM (cm.n.16), ¢ mnocneayromeit
OLIEHKOH NMOJy4EHHbIX Pe3y/IbTaTOB B COOTBETCTBHH ¢ m.13.3.1.

Ilpp >T0M B 000HMX CIy4asx OpPOM3BOAMUTCA JONOJHUTEILHAS
NpoBepKa AJ1 MAKCHMAIBHBIX PAacTATHBAIONIMX HANMPAXKECHHH Ha BHYTpPEHHEH

MOBEPXHOCTH, KOTOpPblE HE IOJDKHBI NPEBOCXOAHMTH 15[0] nas obevaiixu u

13[oln UIa natpybka wrynepa.
15.6. Pacuem pranyesvix coedunenuii

PacyeTr ¢naHUEBbIX COEQMHEHHH apMaTyphl, COCYIOB M amiaparoB B
YCIOBHAX MOHTaXa A0 MOJAYH Cpedbl, a TaKKE B YCIOBHUAX HCIBITAHHH
npou3BoauTcs no ni. 11, 12.

YcinoBHe NpPOYHOCTH MpH pacyere CTaTHYECKOH NPOYHOCTH UIA
¢naHLEeB COCYNOB M anmapaToB, NIPUBAapHBIX BCTHIK B CEYEHHH S; B paboOvHX
YCIIOBHSX:

\/(a"+Aa,,)z+(0',3+Aa,3)2—(0”+Acr,,Xa,3+Aa,,) s[a] (15.5)

\/(au + Aa,z)z + (0'14 + Aa,,,)z - (cr,2 + Ao-IZXa,‘ + Acrl.,)
B ceuenuu sy 11 pnaHueB NpHUBapHBIX BCTHIK H MIOCKHX:

o, = max

\/(0'21 + A‘:"zl)z +(023 + Ao'n)z _(Uzl + AUZIXGH + AO‘B) (15.6)
<1,5[o]
\/(o'zz + Adzz)z + (0'24 + AC"z-a)z _(O'zz + Aazzxou + Aa“)

BenryHHbI pac4eTHBIX HamnpskeHHH onpeaensiorca nom.11.8.1.

o, = max
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VcnoBue MpOYHOCTH IS apMaTypHBIX (iaHIeB, PHBAPHBIX B CTHIK
JUTA MAKCHMAJIBHOTO OCEBOTO HaNpsDKeHUA B obedaiike (BTYIIKe):

S My,
- o, =—.————[G], (15.7)
B paboyHX YCIOBHAX 1 D (sl _ c)z I
- B paGouuX yCnOBHAX C M
yaeToM TemmeparypHoli  Oa2 = ef vz S 1,5[0' ] (15.8)
D (Sl - c)
HATpY3KH
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16.PacyeT cocynoB H annapaToR METOAOM KOHEYHBIX
3J1eMEeHTOB

16.1. Obwue nonodcenun

MHorue cocynp! H anmaparsl, BCIEACTBHE CIOXKHOCTH KOHCTPYKIHH
MM YCIOBHHM HAarpy)XeHHMsd, He MOryT ObITh pPacCYHTaHbl B CTPOTOM
COOTBETCTBHH C HODMaTHBHBIMU JOKYMEHTaMH. B 3TOM ClTy4yae 3Ha4UTEIBHYIO
NMOMOmb B OlieHKe paboTocnOCOOHOCTH KOHCTPYKLMH MOXET OKa3arh
HCIIONB30BAHHE YHCJIEHHBIX METONOB pacyera 3JJEMEHTOB COCYAOB H
anmnaparoB. HauGonbllee pacrnpocTpaHeHHe NpH pacdeTax Ha MPOYHOCTH M
YCTOHYHBOCTD MOMYYHJI METO/ KOHE4HBIX 3neMeHToB (MKD).

IpH 3aKmoueHnH 0 paboTOCNOCOGHOCTH YIIOB COCYNOB M aNaparoB
¢ ucrons3oBaHHeM MKD  HCIIONB3yIOTCA pa3nuyHBe KaTETOPHU HanpsyKeHHH
[10]:

- obmue membpanneie O, ;

- MECTHbIE MEMOpaHHBIE OT AEHCTBHA NaBIEHHA Crps

- MeCTHble MeMOpaHHbIE OT eHCTBHSA JaB/ICHHA M BHELIHHX HArpy30K
Oy s

- 061mue HIruGHLIEe O ;

- MECTHBIE H3THOHBIE O, ;

- o0uKe TeMMepaTypHeIe O ;

- MECTHEIE TEMIIEPATYPHBIE Oy ;

= HamnpsXk€HUsI KOMIICHCAllMH O'k 5

- MECTHBIE HAampsHKeHHA B 30HAX KOHICHTPALMH HANpPMKCHHA
(TIHKOBBIE).

ObuMH  MeMOpaHHBIMH ~ HAaNpSHKEHHAMH  SABIAIOTCA  CpPEIHHE
HANpMKEHHS PaCTKEHHS WIH CXKAaTHA MO TONIIMHE CTeHKH obevaiiku WM
JHHILA, BBI3bIBAEMbIE IEHCTBHEM BHYTPEHHETO WIH HApYHOTO JaBIICHHS.

MecTHEIMH MeMOpaHHBIMH HaNpPSKEHHAMH ABIAIOTCA MeMOpaHHBIE
HamnpsXXEHHd B 30HaX MPHCOeIMHEHHs 00ojouek K ¢uiaHuaMm, naTpyOkoB K
obeuaiikaM (IHHILAM) BHE 30HBI CBApPHOTO LOBA H JIp.

OO61MMH U3rHOHBIMH HaNpPSDKEHHAMH SBIIAIOTCA HanpspKeHHs H3TrHOa,
BBEI3BIBAEMbIE JICHCTBHEM BHELIHHX CHJI H MOMEHTOB, IEHCTBYIOLIMX Ha COCYA B
LIEJIOM, @ TAKOKE HamnpskeHHs H3ru6a, BHI3bIBaeMble N€HCTBHEM JaBIIEHHS Ha
TUTOCKHE KPBIILKH.

MeCTHBIMH H3THOHBIMH  HaNpPAXKEHHAMH ABJAIOTCA HaNpsDKEHHA
u3rnba B 30HAX NpHCOEAMHEHHA NATPyOkoB K ofeuaiikaM (IHHMINAM), K
dnanuam u ap.
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OOmuMH TeMIepaTypHHIMH HANpPSHXKEHHAMH SBISIOTCA HANPKEHHA,
BbI3bIBAEMBIE OCEBBIM IIEPETIAZIOM TEMIIEpATyp B LMIMHADUYECKO# obedaiike,
nepenajoM TEMIEpaTyp N0 TONIIHHE IUIOCKHX JHHII H KPBILIEK, B CTHIKOBBIX
COEIMHEHHUAX oOedaeK, BHIMONHEHHBIX U3 Pa3HOPOIHBIX MaTEPHAJIOB.

MecTHBIMM TeMIIEPaTYPHBIMH HANPSHKCHHAMH SBISIOTCS JIOKAIBHBIE
HanpsDKEHHS, BbI3bIBacMbIC NEPENaZioM TEMIEPAaTyp Ha HEOONBIUIMX YYacTKax
neperpeBa (WIH OXJIaXICHHS), HanpMKEHHs B OOIMIIOBOYHBIX M IPYTHX
OUMeTalUTMYEeCKHX JJIEMEHTaX, BBI3BAHHBIC Pa3HOCTBIO KO3 (dHIMEHTOB
JIMHEHHOTO pacIIHpPEHHA.

MaxkcHmaneHble 3HaYEHHA HANpPKEHHH B 30HaX KOHLEHTpALMH (Tak
Ha3bIBa€MbIC («IIMKOBBIE» HANpSXKEHHs) SABIAIOTCA HANpPsHXKEHHS B 30HAX
OTBEpCTHH, rairened, pe3pd H HUCNONB3YIOTCA NPH OLEHKE NPOYHOCTH C
LUMKIHYECKUMH H3MEHEHHAMH Harpy3KH, a Taloke JUIS XPYIIKHX MaTepHaIOB.

HanpskeHus, omnpeneneHHbie TIPH pacdeTe Ha CTaTHYECKYIO
MPOYHOCTh DJE€MEHTOB COCYAOB M aNnapatoB He JAOJDKHBI IIPEBHINIATH
3HaYeHHH, yKa3aHHbIX B Tabmuue 16.1.

Tabnuua 16.1
Jomyckaemble HANPSKEHHS JJIsi PACYETHHIX HATIPSIXKEHHI

PacuetHas rpynna Bun Kateropuu .
. . . JomyckaeMbie 3HaUE€HHsA
HanpsDKeHHH HarpyxeHui| HanmpsokeHui
ob1re MeMOpaHHbIe JlaBJIeHHE C,, [O']
MECTHBIE MEMOpaHHbIE
aBJICHHE o 1,3l
H o61mue H3rnbHble 5 mp ’
NaBiIcHHE,
MECTHBIE MeMOpaHHbIe
BHEIIHHE O LS5|lo
+ 061une H3rHOHbIE
Harpy3kH

( 3

R 0,2
25— R

m

MeCTHbIE MEMOpaHHbIE
+ MECTHBIE H3THOHEIE + | JaBIICHHE, O +Ou +

obLKe TemMrepaTypHbie | BHELIHHE tot min{ 2R, >
H HanpsokeHHs marpysku |t 01 T 0y R
FROMHCHCEI[[HH m/10°
\
R R
* [c]=min{y 7%%; R, ; m19 1 - HOMMHATBHOE JOMYCKAEMOE HaNPAKEHHE.
LS 26 15
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16.2. Pacyem npounocmu u scecmxkocmu mecma
coeOuneHun wmyyepa ¢ cocyoom (annapamom) npu
CMamu4ecKomM HazpysiceHuu

Ipu pacyere HanpskeHHO-IepopMHupoBaHHOro coctosHua (HJIC)
y3la BPE3KH METOJOM KOHEYHBIX DJIEMEHTOB HCTONB3YIOTCH OBONIOYKOBBIE
3NeMEHTHI. PacyeTHrie 3Ha4eHHsA Harpy30K NPHIJIANBIBAIOTCS B LEHTpe
Kphiliky mtyuepa. Kpoilka npenctasnser u3 cebs IUIOCKHA OHCK BBICOKOH
HECTKOCTH. 3HAYEHHS M HANpaBleHHd CHWI H MOMEHTOB COOTBETCTBYIOT
CX€MaM, NPHBEJICHHBIM Ha pHc.16.1.

Puc.16.1.

PacuerHble CXeMBI Harpy>XeHHs JUI1 LWIHHAPHYECKOH obeyaiiku (a)
4 BbINyKJI0ro AHMIIA (6)

IlpH olieHKE NMPOYHOCTH BPE3KH HCIONB3YIOTCA OOLIHE MONOXEHHS
H3N0XKeHHbIE B 11.16.1.

[Ipy 3TOM MeECTHBIE HAanpsHKEHHA IOKHBI OBITH OTOENEHBl OT
«ITHKOBBIX», KOTOPbIE PAcCIONAaraloTCs B OYEHb Majoif 30HE KOHIEHTPAaTOpOB
HanpshkeHHH, OBICTPO 3aTyXalOT M HA OLEHKY MPOYHOCTH JUIA CTaTHYECKHX
pacyeToB KOHCTPYKIHi U3 INIACTHYHBIX MATEPHAIOB NIPAKTUYECKH HE BIMAIOT.

Jns pasrpaHHuYeHHA 30HB «IIMKOBBIX» HAIPKEHMH OT 30HBI
JIOK&IbHBIX HCHONB3YETCA NMOAXOA, NMPHHATHIH H3BECTHOH KommaHued Paulin
Research Group (co3narens mporpamm NozzlePRO, FEPipe u ap.).

KoHeuHBle 3]IEMEHTbI, MPHMBIKAIOUIKE HENOCPEACTBEHHO K JIMHHH
nepeceyeHns mnarpybka U oOeuaiiku («3NEMEHTHl CBapkW»), o00iaaaioT
NEepPEeMEHHOH  TOJNIIMHOH, TIpH ONpPEACICHHH KOTOPOH  YUHTHIBAIOTCS
MHHHMAJIbHBIE Pa3Mepbl CBapHOr0 MHIBa, a TAKXKE TONMMHBI o0euyaiiku M
narpy6ka (puc.16.2).
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d A s1

T

Puc.16.2. PazMepsl 3JIEMEHTOB B 30HE BPE3KH

llpn onpeneneHUM TONMILMH «3NIEMEHTOB CBApKH» YYHTHIBACTCA
HEOOXOMMMOCTL obecTiedeHMsd PpAaBEHCTBA JKECTKOCTE# CBapHOro IMIBa,
o6e4aiku 1 naTpyGKa B 30HE IPHBAPKH.

C 0aHOit CTOPOHB! TOMIIMHA 3IEMEHTOB, NPHMBIKAIOMMX K MAaTpyOKy
(obeuaiike) mpupaBHMBaeTCA K TONIMHE maTpybka §, (obeuaiiku §), c

Ipyroi onpezensercs no GopMynam:

1,555, +1,5As +1,5As, + A’

pH S > § 2A+0,5As +0,5As, .
' ¢ =max{s+0,7A ’

s+0,5s,

>

5 1555, +1,5As +1,5As, + A
2A+0,5As +0,5As,
¢t =max{s, +0,5A
5, +0,5s

>

npu § < §, (16.6)

MakcHManbHbIe 3Ha4€HHS MECTHBIX HAIPMKECHHH ONpEAeIAIoTCA MIA
JJIEMEHTOB HENOCPEACTBEHHO INPHMBIKAIOLUIMX K «QJIEMCHTaM CBAapKH».
HanpsokeHMs [UId caMHX «37€MEHTOB CBapKH» HE ONpPEACIAIOTCS H HE
BBIBOASTCA.

Ha nonyueHnsle pe3ynsTaThl G0NBIIOE BIUAHHE OKAa3hIBAET KAYeCTBO
KOHEYHO-3JIeMEHTHOH Pa30HBKH, 0COOCHHO HEMOCPEACTBEHHO B MECTE BPE3KH
natpy6ka B oGedaiiKy, Iie HMEET MECTO BBHICOKHH rpajHeHT HanpsokeHHi. C
yBEITHYEHHEM KOJMYECTBA 3JIEMEHTOB (YPOBHA Ppa3OMBKH), ONHCHIBAIOIHX
MECTO BpE3KH BO3pAcTaeT TOYHOCTh PAcHpeACIICHHS HaNnpSKEHHUH.

KpoMe TOro, Ha TOYHOCTh MONYYEHHBIX HANPKEHHH BIHAIOT THII
Bpe3KH (HAIHIHE HAKIIAJHOrO KONbLA, YrOJl HAKIIOHA [UIA KOCOM BpPE3KH, H Ap.),
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pa3HMLa TONIMH ofeyalku H narpyOka, TONIOHHA CBApHOro IIBAa, KpaeBOH
sddexr u ap.
[pumep pacnpenencHus HanpskeHui OT AeiicTBaa MomeHTa M,

NPH pa3/ifYHbIX BHJAaX pa3sOHBOK 1A Bpe3KH C HAKIAJHBIM KOJBLOM MOKa3aH
Ha puc.16.3.

IIpy yBEeNHYEHHH KOJMYECTBA 3JIEMEHTOB Pa3OMBKH MOJyYeHHbIE
3HaYCHHA MAKCHMAIBHEIX HANPsODKEHWH Bo3pacTaroT. [Ipy 3TOM MakcHMallbHOE
BIHAHHE YPOBCHb Pa3OMBKH OKa3bIBa€T Ha HANPKCHHA OT ACHCTBHA CHI H
MOMEHTOB, MHHHMAILHOE - OT JaBlCHHA. BiMAHME ypOBHA pa3OHBKH
BO3pacTacT NpH NPUMEHCHHH HAKIaJHOTO KOJNbIA HIH IPH YBEIHYEHHH
TOJMIMHBI 06€4aiKH OTHOCHTENBHO TOJIIMHBI NaTpyOKa.

KayecrBo  KOHEYHO-DI€MEHTHOH pa30MBKM Ha  NOJyuYeHHbIE
pe3ylbTaThl HEOOXOAHMO YUMTHIBATE NpPH ONpeJeleHHH HOIyCKaeMBIX
HaNpsHKEHHH U1 COOTBETCTBYIOMIMX YPOBHEH pa3OHBKH.

£

7T T A
2
d g}f e

S
i

R
AR

S

Puc.16.3. O6une (MemOpanHble H H3rubHbIe) HanpsokeHus (MIla) Ha
Hapy>XHOH MTOBEPXHOCTH B 3aBUCHMOCTH OT YPOBHeH pa3OHBKH NpH JeHCTBHS

Momenta M, = 10°H - m
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16.2.1. [qonyckaemvie nazpysku na wmyyep

s HasHaYeHHs JOIYyCKaeMBIX Harpys3ok, AeHCTBYIOIMX Ha MITYLEp,
NPOBOJATCA PAacyeTsl MO ONpPEACICHHIO MAaKCHMANbHBIX HaNpsHKEHUH OT
JEHCTBHS €OUHHYHBIX CHJI, MOMCHTOB H JaBJICHUd INoodepeaHo. T.e. mpu
pacyere OT 3alaHHOH €IHHHYHON CHIIBI MITH MOMEHTA BCE OCTAIBHBIE HArPy3KH
(Bkmiouas naBnenue) mpupaBHuBaioTca (. JIns Kaknoro BuIa HaNpsOHKEHMIA
(MeMOpaHHBIX H 0OIIMX) OonpenedeTcs MUHHMAIbHBIH 3anac npoyHoctH. [Ipu
onpeeneHHH A0IyCKaeMOoi HATPY3KH ee eAMHHIHAA BEIMYHHA YMHOXAETCA Ha
NONMy4YeHHBI MHHUMAJIbHBIH 3amac NpodHocTH. IlojMydyeHHble 3HAYCHHA
(bopMHUpYIOT TabNHIY MHAYBHIYAILHBIX JOIYCKaeMBIX Harpy3ok (Tabm.16.2).

Tabmuma 16.2
JommyckaeMble HHANBHAYaIbHble HArPY3KH HA IITYLIEP NPH 0TCYTCTBHH
AeifiCTBHS O0CTAJILHBIX, BKJIIOYAN NaBJeHHe

M., M, M,, D,

F,

x°

H| F,H| F

y’ z*

H
Hm HwMm Hm MIla

Jaee ompenensiorcs AOMyCKaeMble HArpy3KM Ha INTyHEp IpH
OTCYTCTBHM JaBlieHHs. B 3TOM cirydae fonmyckaeMble Harpy3KH ONpEAessIoTC

M3 YCIOBHA, YTO M[PH KX ONHOBDEMCHHOM JCHCTBHH Ha WITYLEP IpH
OTCYTCTBHHM [aBJI€HMA MAKCHMAIbHBIE HANPMHKEHHS HE MPEBBHILAIT

nonyckaemele. IlpakTHka pacyeToB TMOKa3bIBAacT, 4YTO JAHHOEC YCIIOBHE
BBIMOHACTCA NPH BEIWYHHE HArpy3oK, paBHOM % OT JOIyCKaeMBIX

HHIUBHIYTbHBIX Harpy3ok.
Ilpy neiicTBHMH pacyeTHOro MAaBJIEHHA JOIYCKAacMBIe HAarpys3kKu

AOIIOJIHUTEJIBHO YMCHBILIAKOTCA Ha BCIIH‘lPlHy 1—0’87 P , rae p -
Pl

pacueTHoe pnaBnenue; [p] - Aomyckaemas BelMYHHAZ NaBleHHMA, KOTOpad
onpenenserca u3 Tabmuupl 16.1. Koapduiment 0,87 yuyuThIBaer, 4To NpH
OEACTBHH JaBJICHHs C Harpy3KaMH MeCTHble MeMOpaHHBIE HAlpsHKEHHA HE
IomkHs! npesrimars 1,5[0°], B To BpeMs Kak TpH AeHCTBHH TONLKO AABIEHUS
- 1,3[o].

IomnyyenHslie Harpy3ku GopMupyIoT Tabmaiy 16.3.
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Tabnuna 16.3
JonyckaeMblie HHIHBHAYa/1bHble HATPY3KH HA IITYNEP NPH PacYeTHOM

JXaBJICHUHA
M._, M, M, ,
F,H| F,,H| F,,H * g : P
Hm Hm Hm MIla

* TIpH [peBHINEHHH OJHONO KA HECKOJIBKHX KOMIIOHEHTOB HeoGxommm
JIOTIOJIHHTEIbHBIH pacyeT Ha IMPOYHOCTD

JanHas Tabmuna MoxeT ObITE pPEKOMEHAOBAaHA NPH Ha3HA4YCHHH
JIONYCKAaeMBIX Harpy3oK Ha IUTYIep [pH [POYHOCTHBIX pacyeTax
TPyOONpOBOAHBIX OOBA30K cocya (anmapara).

Cnenyer OTMETHTh, YTO JOITYCKAaeMBIC HArpy3KM NpPH PacyeTHOM
JAaBICHHM HOCAT KOHCEPBAaTUBHBIA Xapaktep. Kak mnpaBwio, mpu ux
€IUHOBPEMEHHOM IIPHJIOXKEHHM C YYETOM JABIEHHA MAaKCHMAalbHbIC
HanpsbkeHHs cocraBisaor 50-80% ot nomyckaemeix BenuuuH. IlosTomy B
cHocke K Tabmume 16.2 yka3bIBaeTcs, YTO NpH IPEBHILICHHH HArpy3oK Haja
JIOIYCKAaEMBIMH BEJTHYHHAMH, JUIA 3aKUTIOYEHHA O paboTocrnocobHOCTH BpE3KH
HE0OXOAHUM IONOHUTENBHBIH pacueT C MOTy4eHHBIMU Harpy3KaMH.

Ilpu 5TOM Harpy3KH He MOrYT NPEBBILATh 3HAYEHHH, YKa3aHHBIX B
Tabnuue 16.1.

16.2.2. XKecmxocmv spe3xu

XecTkoCTh Bpe3KH ONpERENAeTCS JUIA TOYKH NPHIOKEHUS YCHIMI
(kphllIKa 1ITynepa) B KKIOM HaNpaBIeHHH B IJOOanbHOH CHCTeMe
koopauHar. Ilpu onpeJeneHNH >KECTKOCTH Bpe3KH CyMMapHbie NpuUOaBKH He
YUYHMTHIBAIOTCA.

XecTKOCTh Bpe3KH ONpEAENseTcs Kak OTHOLIEHHE MPHIJIaIBIBaeMbIX
cul (MOMEHTOB) K IONYYECHHBIM COOTBETCTBYIOLIMM NEepeMeIneHusaM (yriaam)
(Tabnmuua 16.4).

Tabnuua 16.4
JKecTkoeTh Bpe3kH

JIuneitnas, H/mm Yrnosas, H M/
C, C, C, MC, MCc, | Mc,
16.3. Ilpumepswt pacuema npounocmu u

ycmouuugocmu cocy008 u pe3epsyapos

Ha puc.16.4. npexacrtaBieHa  KOHEYHO-3JIEMEHTHas1  MOICHb
FOPH3OHTAIBHOH €MKOCTH Ha CEMIOBBIX OIOpaX C TEXHOJIOTHYECKOH
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riomaakoi. Emkocts u3rorosnena u3 cramu 09I'2C. IpoBeneHa oueHka ee
HecymeH crocobHOCTH NPH OJHOBPEMEHHOM NEHCTBUH IMIPOCTATHYECKOTO H
BHyTpeHHero nasnenus (P=0,6 MITa), a Taioke JaBiIeHHsS Ha TEXHONOTHYECKYIO
wiomanky (P=0,002 MIla) i co6cTBEHHOr0 Beca KOHCTPYKLIHH.
I'mppocratuieckoe  gaBieHHE  ONPEAENACTCA  HAIMBOM  BOJIBI
(p=1000xr/M3) npu 100% 3anoaxeHun cocyaa ot obiuero oobema.

T
HE
SARmRsELY

Puc.16.4. KoHeuHO31EMEHTHAS MOJETh EMKOCTH

Ha p#rc.16.5, 16.6 npencraBieHsl pe3yiabTaThl HaNMpMKEHHO-
JehopMHPOBAHHOTO COCTOSHHSL.

SEQV

21.637 43.274 64.911 .
10.818 32.455 54.092 75.729 97.366

Puc.16.5. DxkBuBasieHTHBIE MEMOpaHHbIE HanpshkeHud, oim , MIla
© Acconnaums «PoCTEXIKCIEPTH3a»
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MakcHMaTbHbIE  JKBHBAJICHTHbIE  MEMOpaHHbIE  HANPSIKEHHS
HaxomdaTcs B 30HE CONpsKEHUs oOeyaHku M OHMING, ONPENENAITCH
H30LITOYHBIM naBieHHEM M He mnpeseimator 100 Mlla, uyTo MeHble
JOIyCKaeMBbIX HanpsbkeHHH B paboumx ycIoBHAX.

SEQV

0 40 80 120 160
20 60 100 140 180

Puc.16.6. DxBUBaNeHTHBIE CyMMapHBIE HaNIPOKEHHA, Oi , MIla

MakcuManbHble 3HauCHUS «(YNPYIHX» MECTHHIX OJKBHBAJICHTHBIX
CYMMAapHBIX HanpsKeHHH HMEIOT MecTo B paiioHe conpsbkeHHs obedaiiku c
CeIOBOH OMOpOH, HOCAT JIOKanbHEIH XapakTep H AocTHraoT 180 MIla, yro He
TMIPEBBIIIAET NPEAENbHbIH YPOBEHb.

Ha puc.16.7. moka3aHbl KOHEYHO-37IEMEHTHas MOJAENb W HH3IIaA
¢opMa norepu yCTOHYMBOCTH CTEHKH pe3epByapa Juli  XpaHEHusA
HedTENpoayKTOB C KpBIMIEH, YCHIEHHOH pedpaMH XKECTKOCTH OT HapyXHOTro
H3OBLITOYHOrO JaBICHHA (BaKyyMa).
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Puc.16.7. Huzmas ¢popma notepH yCTOHYHBOCTH pe3epByapa
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TOM 2. PACUET AIIITAPATOB KOJIOHHOI'O

THUIIA

1. OcHoBHbIE YCJIOBHBIE 0003HAYEHHUHA

VYcnoBHoe
TepmuH:
0003HaYeHHE:
Iliomanes  HauGonmee OCnabIEHHOTO IONMEPEYHOTO  CEYCHHA A
OnopHo# obedaiiky, MM
ITnowaas nonepeyHOro ce4yeHHa aHKEpHOro 6onTa no A,
BHYTpEHHEMY JHAMETPY pe3bObl, MM
CyMMa Bcex nNpHOaBOK K pacuETHOH TOJILMHE, MM ¢
Kos¢du11HeHT HepaBHOMEPHOCTH CXKATHA IPYHTa, H/mM® Cr
JlnaMeTp OKPYXHOCTH, BIMCAaHHOH B IIECTHIPAHHHK MAHKH d
aHkepHoro 6onTa, MM
BHyTpeHHHit 1HameTp pe3sObl aHKEpPHOrO 6onTa, MM ds
BHyTpeHHu# 1naMeTp annapara B pac4€THOM CEYEHHH, MM D
BHyTpeHHHH JHaMeTp ONopHO#H 06eyaiiki B pacYeTHOM D,
CEYECHHH, MM
JluaMeTp OKpY>XHOCTH aHKEPHBIX 60/ITOB, MM Ds
Mozaynb NpoAoNBHOH YIPYroCTH MaTepHaila CTEHKH anmnapara E
NpH pacyeTHO#H Temnepatype, MIla
PaccTosnue or ocu aHkepHOro 6onta 1o onopHoit obeyaiiiu, M e
PacueTHO€ OceBOE CKUMAIOILEE YCHITHE B PacUeTHOM cedeHuy, H: F
- B paboyMX yCIOBHAX F
- B YCJIOBHSAX HCIBITAHHS F,
- B YCIOBHSIX MOHTaKa Fy
Jlomyckaemoe oceBoe cxxumaromee ycuine, H [F]
CyMMapHas BepTHKaJIbHas Harpy3ka B pacieTHOM cedyeHuH, H:
- B pabouMXx yCIOBHAX G,
- B YCIIOBHSIX HCIIBITAHHUA G,
- B YCJIOBHAX MOHTaXa (MaKCHMalIbHas Harpy3Ka or G,
co06CTBEHHOTO Beca)
- B YCJIOBUAX MOHTaXa (MHHHMAaJIbHad Harpy3ka oT G,

coOCTBEHHOIO Beca)

© Accounanmus «PocTexskcnepTasan
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YcnosHoe
Tepmun:
o003HaueHHE:
BricoTa anmapata, MM H
BeicoTa OnopHOro yina, MM h
MHHHMATbHBIH MOMEHT HHEDIHH TIONIOMBE! QyHIAMEHTa, MM" Ir
CyMMapHbI# H3ru6alomuii MOMEHT y OCHOBAaHHU ariapara oT M,
IEeHRCTBUA BECOBBIX Harpy3ok, H-Mm
MakcuMastbHbIH H3rnbaronni MOMEHT MOMEHT OT AeHCTBUA Mo
CeHCMHYECKHX HArpy30K B HIDKHEM CeUeHHH armapara, H-mm
PacyeTHbIH H3ru6aloLKHii MOMEHT OT CEHCMHUECKHX Harpy3o0K, My
H-mMM
H3rubaroline MOMEHTBI B pacYETHBIX ceYeHHsX, H-MM :
- B pabouKx yclIoBusaxX
M, 1s MG 1’ MV 1’
Mg
1
- B YCIIOBHAX HCIILITAHUA
Yy My, Ms,,

My,, My,
- B YCJIOBHAX MOHTaxa (6€3 H3oyAumn)

M3’ MG 3’

My, My,
- B YCJIOBHAX MOHTaXa (C H30JIALIHEH)

M4) MG 4’

My, Mg,
Jomyckaembiii n3rnGaromuit Momenr, H-Mmm [M]
KonnuecTBo y9acTkoB anmaparta; KOJIHYECTBO AaHKEPHBIX n
6osToB
Jlonyckaemoe HapyxHoe naBnenue, MIla ]
HopmaTtnBHOe 3HaueHue fasneHus Betpa, MIla 9
HopmatnBHOE 3HaYeHHE CpeHEr COCTaBIAIOILEH BETPOBOM Gt
Harpy3K# Ha CepeIHHe i-To yyacTka annapara, MIla
CeiicMHyeckas Harpy3ka B LIEHTPE TSHKECTH i-TO y4acTka S;
annapara, H
HcnonuurenpbHas TOJIIIHHA CTCHKH anmnapara B paC4CTHOM s
CEYEHHH, MM
HcnonuuTenpHas TONUHHA CTEHKH ONOpHOH obeyalikn, MM So
Iepron Hu3meH 4acToThi COOCTBEHHBIX KoneOaHuit anmapara T
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T . YcnosHoe
CPMHH: obo3HaueHue:
HauMeHbLH# MOMEHT COIIPOTHBIICHHS CEYEHHS OTIOPHOH w
oBevaiixy, MM>

Karet cBapHOro 11Ba B MECTE MPUBapKH ONOPHO# obeyaikH, A

MM

Karer cBapHoOro 1iBa B MECTE IPUBAPKH OMOPHOH 00edaikH K A
HIKHEMY KOJIbILY, MM

IpononbHele HanpsbkeHus, MIla o
Konbuessie HanpspkeHus, MIla o
DKBHBaJIEeHTHOE HanpsxeHne, MIla o
Jlonmyckaemoe HanpshKEeHHE UL COOTBETCTBYIOILETO IEMEHTa [O)a
OMOPHOTO y3/1a MPH pacyeTHOH Temneparype, MIla

JlomyckaeMoe HanpshKeHHE JUIA KOpIlyca allapara MpH [l
pacueTHo# Temneparype, MIla

JlonmyckaeMoe HanpshkeHHe VLA OMOpHO# obeyaiky IIpH [olo
pacueTHo# Temneparype, MIla

JlonyckaeMoe HanpsDkeHHe 1A aHKepHBIX 6oirros, MITa [l
Jlomyckaemoe HanpskeHHe GeToHa Ha cxarune, MITa [ods
Koa¢pduuneHT NpoMHOCTH CBapHOro 1B @
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2. Onpeaenenne pacueTHBIX YCHJIHH

Anmnaparhl, yCTaHaBJIMBaEMbIE Ha OTKPHITOH IUIOLIAIKE, IOUIEKAT
pacdeTy Ha BETPOBYIO HAarpy3Ky. ANnapartsl, NpeaHasHauYeHHbIE 114 YCTaHOBKH
B pafioHax celicMHYHOCTBIO 7 W Gonee Gawtos mo mkaine Puxrtepa, mojurexar
pacdeTy Ha ceiCMHYECKOE BO3MEHCTBHE.

OnpenescHue pacYETHRIX YCHWIMH, NEHCTBYIOIIMX HAa  anmaparsl
KOJIOHHOTO THNAa OT BETPOBBIX HAarpy30K H CEHCMHYECKMX BO3JCHCTBHH,
MpOBOJAMTCS Ha ocHOBaHHMH [6]. TIpn ompeneneHHy pacdeTHOH ceiicMHYECKOi
Harpy3KH Y4T€HO H3MeHEeHHe Ne 5, yTBepixaeHHoe nocraHoBieHHeM [occTpos
Poccun ot 27.12.1999 r. Ne 91, u BBeaeHHoe B aeicteue ¢ 01.01.2000 r.

2.1. Pacuemuas cxema

B kadecTBe pacyeTHOW CXeMBI KOJOHHOTO ammapaTta NpHHHMAeTCs
KOHCOJIbHBIH YIIPYTO 3alleMJICHHBIH CTEPKEHb B HIXKHEM cedeHHH (puc.2.1).

N
!n

o] Pl G
;] P ®
K |

o Pyl G,

\_4
. | B=—=1G,
Dy =~

ity I

Puc. 2.1 PacyeTHas cxeMa anmapara [ paciyeTa Ha IPOYHOCTb.
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Anmapar mo BbICOTE pa3bHBaeTcs Ha M  yYaCTKOB NOCTOAHHOIO
MONEPEYHOro CE€YCHHA, TMMPH 3TOM BLICOTAa y4acTKa h,. <10Mm. Kommuectso

3]IEMEHTOB B PacyeTHOH CXeMe 3aBHCHT OT KOJIMYECTBA YYacTKOB KOJIOHHEI C
NOCTOAHHBIM CEYECHHEM, a TalOKe KOJMYECTBA COCPENOTOYCHHHIX Mace
(Tapenox, HacaioK, OOCTYXHBalOmIMX IUIOMAAOK, JIECTHHML,  OIOp
Tpy6ONpOBOIOB H Ap.).

Tpu onpenenennu A, , cnemyeT yd9ecTh PacCTOAHHE MEXTy ONOPOi H
OCBIO CBapHOTO COCAHHEHHA AHHILA C KOPITycoM (pHc.2.2):

. H,+s
h =h, +-13—”+2—',/(D+2sl Y -DZ, @.1)

S

rae h,, - JJIMHA IWJIHHAPUYECKOH YacTH OTOOPTOBKHM JHHUINA;

H » - BBHICOTa BHINyKIOH vuacTH JOHMmA 6e3s ydera
LMJITMHIPHYECKOH YacTH;
S| - HCMIOJIHUTE/bHAS TOJIMHAA CTCHKH THUIIA.

Puc.2.2 CoenyHeHHe onopHo# o6evaifku ¢ JHUIIEM KOpITyca.

Pacnipesie/sieHHbIE HAarpy3KH OT Beca I -r0 YYacTka KOJIOHHbI (BKIOYast
H30JHLIHIO H pabovyio cpely) pacCMaTpHBAIOTCH KaK COCPEAOTOYEHHbBIE CHIILI

Gi’ NPHUIIOKEHHBIC B HEHTPaX TKECTH KaXKAOr0 H3 Y4YacTKOB, a

cocpenorodennsie Maccsl (, NPHKIAZBIBAIOTCA K Kpal [-ro ydacTka.
BecoBble HArpy3kH NPHKIANBIBAIOTCA BEPTHKAIBbHO, a BetpoBat P H

ceficMuyeckas S; Harpysku - ropusonTalsHo. Kpome ToOro, mpu
SKCLIEHTPHYHOM JIEHCTBHH BECOBOH HArpy3ku (0T TpyOOIpPOBOAOB, ILIOIAJIOK,
JIECTHMI M Np.) MPHKJIAJbIBAIOTCS COOTBETCTBYIOIHE H3rHOAIOIHE MOMEHTBI

M,.

U
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2.2. Onpedenernue nepuoda cobcmeennvix Konebanuii

Jna onpeneneHUus BETPOBRIX H CEHCMHYECKHX HArpy30K HeoOXOZHMO
HAaHTH HM3OIyI0 4aCTOTy H nepuon coOcTBeHHBIX KojieGaHuii anmapara B
pabouHX YCIOBHAX, @ TAKOKE B YCJIOBHAX HCTIBITAHMH H MOHTaXa.

Jns onpeneneHuMs Hu3meH CcOOCTBEHHOH 4YacTOTH KonebaHuii
KOJIOHHOIO  ammapara  Hcmojb3yercs MeroA Panmes,  mno3BosAoommii
pacCUMTLIBaTh mepHon KoyieOaHWH JUIA  anmapatoB ¢ MPOW3BOJBHEIM
KOJIMYECTBOM YYacTKOB H YYHTBHIBAIOLIMH COCPEIOTOYEHHBIE BECOBBIE
Harpys3kH (IUIOIIAKH, HACAKH, OTIOpEI TpyOOIpoBoAoB 1 ap.)[48].

Jlna annapatoB ¢ NMpPOM3BOJBHBIM KOJNMYECTBOM YYacTKOB IEPHOL
co6CTBEHHBIX KonebaHuii:

3G, y2 +G,y2)
g .Gy, +Guy)

rae yi - NEPEMEILICHHE i-TO 3JIEMEHTa B LHCHTPE TAXKECTH TOJIBKO OT

T=2x

(2.2)

BecoBoil  Harpyskn G;, KoTOpas mNpHKNanbiBaeTCs B HaNpaBleHUH,
HODMaJIbHOM OTHOCHTEJILHO OCH aNMapara;

Vi - TepeMelleHHe Kpas i-ro 3JeMeHTa OT BecoBoii Harpysku G,
(puc.2.3).

Jlns onpenenenus NMMHUH Nporu6a pacyeTHas cxeMa MPEACTABIAET H3
ce0s TOpH3OHTAIbHBIA YNPYTO 3aIIEMIICHHBIH CTEPXKEHb C KECTKOCTHBIMH
XapaKTEPHCTHKaMH CCYEHMH amnmaparta, HarpyXeHHbIH CHJIaMH THXKECTH
3JIEMEHTOB  ammapara. PacueTHas cXxeMa Uil ONpedcliCHHs NepHoaa
coOcTBeHHBbIX KonebGanHii mo meToxy Penes npencrariena Ha puc.2.3.

hy h, k. B | h. Fin
G G| G Gi Gax G. Gy

Yik

N

Puc.2.3 PacyeTHas cxeMa Ui ONpeECHHA EPHOAA KOJEOaHHH
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Ilpu 3TOM BECOBHIE Harpy3KH ONpeEJEAIOTCA B 3aBHCHMOCTH OT BHIa
HarpyXeHus:

- mwia paGo4Mx ycIOBHH ydIHTHIBaeTcs Bec paboueil cpenml, a Taioke
0o0CITyXMBaIOIIMX  IUIOIANOK, BHYTPEHHHX  YCTPOHCTB,  M3OJALMH,
NPHCOEAUHAEMBIX TPYOOIPOBOAOB H AD.;

- IpH THAPOMCIILITAHHH YYHTHIBAETCA BEC XMAKOCTH, 3alIONHAIOMIEH
anmnapar, a Talke 00CTyXKHBAIOIHX IUIOMANOK H H30IALHH NPH HX HATHYHH;

- B YCIOBHAX MOHTaXa YYMTHIBAETCA MAaKCHMAJIBHBIH BEC anmapara H
BHYTPEHHHX YCTPOHCTB.

IlepeMeIeHHe LEHTPa THKECTH KaKIOro 3JIEMEHTa ONpelessercs
Harpy3Ko# M paclojIoKEeHHEM JJICMEHTa.

HayaneHI# yron noBopora y OCHOBAHHA amIapara:

— MO
’ CFIF,

23)

n
rae M, = Z(Gixi +Gx, ) - cymmapubiii m3rHGarOmui MoMeHT

i=1

Y OCHOBaHHS aImnapara;
C £ - KO3GHIHEHT CHKaTHs HEPABHOMEPHOCTH IPYHTA, ONPE/IE/ISECTCA

MO JaHHBIM HHXeHepHO# reonoruu. Ilpu orcyrcrum Takux mamubix Cp
BHIOMpaeTcs B 33aBHCHMOCTH OT IUIOTHOCTH I'PYHTOB no TaGmue 2.1 [29].

Tabnuma 2.1

Koa¢puuuent
HEPAaBHOMEPHOCTH

cxatus rpynra,

3
M

I'pynr

Cnabble rpyHTH (MaTepHa H [U1aM B
IUIACTHYHOM COCTOSHHH, NBUIEBOH NECOK B 6-107
COCTOSIHHH CpeJHei IUIOTHOCTH)

I'pyHTBI CpeHel IIOTHOCTH (MaTepHAIbI H
[UIaM Ha FPaHMLE TEUEHHS, IECOK CPEeAHE 6-10" +10°
IUTOTHOCTH)

IL1oTHBIE FPYHTHI (TBEPABIH MNIHHUCTBIH UIaM,

8. 9.10%
TPaBHH U IpaBHiiHbII IECOK, IUTOTHBIH JIECC) 10°+2-10

CxayibHble FPYHTHI 2-10°

Iepememenye y ocHoBaHHA KojoHns V,, = 0.
Harpyskn, neiictBytomue Ha i-bit anement (i=1,n—1) co
CBOGOHOTO KOHL]a OmpenensioTcs cocpenorodenHoii cunoi G, (npw mx

HAIMYMH), a Taloke mepepesbiBalollei CHIOH M M3rH6aloIMM MOMEHTOM OT
MOCIEAYIONIHX 3EMEHTOB:
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0,=G,+ Y .(G,+G, )M, = Z":(G,(h, —h)+G, (hy —hy)) @D

I=i+l 1=i+]

Jns nocneauero » -ro snementa Q, =0; M, =0.
Jns onpenenenus nepememienuit Y, (Y, ) B MeCTax INPHIOKECHHS

cootsercTBytommx Harpy3ok G, (G, ) nepBoHaYaIbHO ONPENEIAIOTCS CHIBI

H H3rubaromme MOMEHTHI, [CHCTBYIOIIHE Ha KaKAbIA 3JIEMEHT, HadHHasd C
HOCIIETHETO.

Jlns onpeneneHus JIHHHUM MpOrnba BecoBhie HArpy3KH OT obedaHkw,
M30JAMA WIH QyTepoBKH (NPH MX HAIMYMH), a TaKKE Beca J>KHAKOCTH
IPHHHMAIOTCA PacnpeleeHHbIMH, a Harpy3kH OT BHEIIHHX H BHYTPEHHHX
yCTpoiicTB (TUIOLIaAKH, HACANKH, TAPEIKH H JIp.) — COCPEOTOYEHHBIMH.

Onpenenenye THHEHHBIX M YIJIOBBIX TMEPEMEIICHHH B 3JJeMEHTaX
anmapara s LWMIMHAPHYECKOH ofedaiiku (i-ro JJ€eMeHTa) B €€ LEHTpe
TSDKECTH H Ha KOHLE IOJ AEHCTBHEM pacIipelielIeHHOH M COCPEAOTOYEHHOH
Harpy3kKH, a Takke u3rubarommero MoMeHTa npuseens! B [Ipunoxennn 9.

Jns anmapaToB ¢ YHCIIOM Y4YacTKOB He Goliee Tpex Ul ompeleneHus
nepHoaa koneGaHHH MOXKHO BOCIIOIB30BaThCA METOAUKOM, ONTHCaHHO# B [6].

O6wmmit mepuon konebamuit I IpyNNOBBIX aNnaparoB (4UCTO

anmapartoB Z, ), yCTAHOBJIEHHEBIX Ha 00meM QyHIaMEHTE M XKECTKO CBA3aHHBIX
Mexay coboif B ropH30HTAIBHOM HamnpasieHHH [6]:

@2.5)

2.3. Onpedenenue pacuemnozo uszubaouiezo Momenma om
6emposeoii Hazpy3Ku

BerpoBas narpyska, AeHCTBymomas Ha anmapaT, CKJIAaJbIBaeTcs M3
Harpy3ku, IPUIOKEHHOH KaK HEMOCPEICTBEHHO HAa KOPIIYC alnapara, TaK H Ha
€TI0 HapY>XHbI€ KOHCTPYKIMH — 06CTy)XKHBaIONIHE IUIOMANKH H JIECTHHIIBL.

BetpoBas Harpy3ka, NpIOXeHHas K [-OMY YJaCTKy arnnapara:

P=F,+P,, (2:6)

ist

rne P

st = G5y Dih; - cpensss cocraBnsomas BETPOBOH HATPY3KH
Ha i-OM YYacCTKe.

HopMatuBHOe 3Ha4eHHE CpeaHeH COCTaBiMoLIEH BETPOBOH HArpy3ku
Ha i-OM y4acTKe:

9iss = qoaiK > (2.7)
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rie ¢, - HODMAaTHBHOC 3HAYEHHE BETPOBOTO  JABJICHHA,
MpHHUMaeMBIi o Tabmuie 2.2[31];
08 npux, <5m

6 = ( x, ]0,31 o5 - KO3 HLHEHT, YIHTHIBAIOLIHI
-+ npu x, > 5m
10

H3MCHECHHE BETPOBOI'O JAaBJICHHA IO BBICOTE almaparta,

K =0,7- adponvHammdeckuit kodddHIHMEeHNT A ammapara C
LWIMHAPHYECKHM CEICHUEM.
Tabmmua 2.2
HopMaTHBHBIE 3HaYEHHS BETPOBOTO IABJICHHS
Betposrie) I u | m | v | v | vi]|vn
QHOHBI
Do "IZ" 0,17 (17)|0,23 (23)[0,30 (30)|0,38 (38)|0,48 (48)]0,60 (60)|0,73 (73)|0,85 (85)
(xec/m’)
* npusuMaloTes no [31].
ITynbcaioOHHas COCTARIAIOIAA BETPOBOI HAIPY3KH:
Byn=vGén,, 2.8)
0912 npux, <5m
roe V = - KO3 PHUIHEHT
0,968—0,025vVH npu x, > 5m

MPOCTPAaHCTBEHHOH KOPPENALMH ITyJIbcanuii JaBIeHHUA BETPa;

& =11+4/155¢ -xospduument munamurmocTy;

T4,

&€= 790 (g, B8 1a);
n
Z Yi# IE st
n=y; H"—— ~ IPUBEJCHHOE OTHOCHTEbHOE YCKOPEHHUE

Zyzz G,
=1

LEHTpa TAXKECTH i-ro y4JacTka,

224
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085 npux, <5m

= % Y8 - k03 PHUKEHTH TMy/IbCatMK
0,76(1(’)-) npu x, >5m
IaBIEHHA BETPa I k-To y4acTKa.

BeTpoBas Harpy3ka Ha 06CiTyXXHBaloLIe# IUIOWAAKE  -r0 JEMEHTa:
1,6
X,
P, =q,0K|1+1,17¢ yﬁ(ﬁj > A4,, (2.9)
v: (5 K=14- a3pOMHAMHYECKHH K03QPHIHEHT A

00CTy) KHBAIOIHX IUIOMIANOK;
085 npux, <5m

Uy = X, -0.15 - ko3dpuImEeHT
0,7 To npux, >5Mm
My/NbCAIHH JABJICHAS BETPa A OGCITYXKHBAIOWEH IUIOIAAKH [ -T'O
3JIEMEHTa;

Z A pi ~ CYMMa IUIomanei Bcex NpoeKuui npodnie iomanku

1 -ro 3JI€EMEHTA Ha NNOCKOCTh, NEPIEHANKYIAPHYIO HAaNpaBJIEHUIO BETPA.
TIpH OTCYTCTBHHM TOYHEBIX AAHHEIX O (POPME IUIOMAIKH:

1,6
P, =085¢,6,| 1+1,17¢ p,.,,[%") 4, 2.10)

rae A, - mwiomwans orpaHMYeHHas KOHTYpOM  ILIOWIAAKH i -TO

9/IEMEHTA.
PacueTHbli H3ruGaloLIHii MOMEHT B HHXXHEM CEUEHHH i-TrO 3JIEMEHTA
(puc.2.1.) onpenensercs no popmyine:

M, = i[}’,(x, -x +%)+P,w -(x,k -x +h—2')} (2.11)

I=i

2.4. Onpeoenenue pacuemnozo uszubawouiezo Momenma om
ceucmMuYecKoll HazpyxKu

CeiicMHuecKas Harpyska, NPHIOXKEHHas B LEHTpE TAXECTH i-Io
3JIEMEHTA M COOTBETCTBYIOMIAsA HH3INEH YacToTe COGCTBEHHBIX KOyeGaHH
annapara:
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Z Gy
S; =0,375KSﬂG‘.y,.-':‘—, (2.12)
Z G,y /2
1=
rae g=25 08 . KO3(¢pUIIHEeHT JMHAMUIHOCTH,
T
npH f<0,8 npunumaercs fF=08, npy g>25 NpUHUMAETCA
p=25;

K, - ceiicmudeckuii k03¢ dHIUHEHT, BHIGHpPAETCA B 3aBHCHMOCTH OT

paiioHa yCTaHOBKHM ammnapara 1o tabmuue 2.3.

Tabnmua 2.3
CeilicMutecknii K0P PHIHEHT
CeiicMHYHOCTS , 6arn 7 8 9
K, 0,1 0,2 0,4

"MIHTEHCHBHOCTL CEfiCMHMECKHX BOIACHCTBHH B Gannax (CeHCMHYHOCTL) MIA paiioHa
CTPOHMTENLCTBA CICAYeT NpPHHMMATh HAa OCHOBE KOMIUICKTA KaprT oOmIEro celicMHIECKOro
pafioHupoBanHs TeppuTopuH Poccuiickoit ®enepaunu no [32].

CeiicMuueckad Harpyska, NpHIOKEHHas B MECT€ COCPEAOTOUCHHOM
Maccel -ro snementa S, (NpH ce HANTHYMH) M COOTBETCTBYIOW@s NEPBOMY
TOHY cOGCTBEHHBIX KonebaHui, onpenensercs no (2.12), rae smecro G, U y,

IIOoACTABIIAIOTCA Gik H ylk COOTBETCTBCHHO.

MakcHMaibHBIH H3rH0aronMii MOMEHT B HIDKHEM CEYCHHH annapara
IPH YYETE TONBLKO NepBoit POpMBI KoJIeOaHMH:

n
Mo = 3255+ Suma) @
i=1
[IpuGnmkeHHOe BhIpaXkeHHEe IS PacueTHOro H3rubalomero MOMEHTa
M, B ceuennsx anmapata B 3aBUCHMOCTH OT BBICOTHI C YYE€TOM BIHAHHA

BeICIIMX (OpM KonebaHuii onpenesercs no 3mope puc.2.4.
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0.25M gy

0.25H
[T

075 H

Mm!

1,25M o,

Puc.2.4 PacueTHbIii H3ru0alomumii MOMEHT OT CEHCMHYECKHX
BO3JAEHCTBHIH

© Accoumanus «Pocrexskcneprusan
© Hayuno-texauueckoe npeanpuarue TpyGonposoa (OOQ «HTII TpyGonposoa») 227



CA 03-004-07 (CTII 10-04-02)

3. Pacuer Ha NPOYHOCTH H YCTOHYHBOCTH

Pacyer Ha MPOYHOCTH H YCTOHYMBOCTb anmapaToB KOJOHHOIO THIIA
NPOBOAMTCA Ha OCHOBaHHHM [7] ¢ JAONMONHEHHWEM pacyeTa ONMOPHOTO Y3ia
obnerdyeHHOH WIMHAPHYECKO# onopsl no [30].

B ommuue ot (7] ans ydera ycunMBalomeii IUTaCTHHEI, TPHBAPCHHOM

K BEDXHEMY ONOpHOMY Kombily, B dopmyne (3.18) xoapmiment y,
YMHOXAETCA Ha S;,aHCHA S, .

IlpuBoauTcs pacyer XapakTepucTMK HaubGosnee ocnabneHHOro
OTBEPCTHAMH MONEPEYHOrO CedeHMsA OMOpHOo# obeuaiiku ([Ipunoxenue 10).
IpuBeneHs! CpaBOYHBIC TAONHUIE PacUYETHBIX XapaKTEPHCTHK (HYHIaMEHTHBIX
60TOB M Mapok GeToHa.

3.1. Pacuemnbie ceuenun

IIpy pacdere KONOHHOTO amnmapaTa YCTaHABIMBAKOTCHA CHEAYIOIIHE
OCHOBHBIE PaCUETHHE CEUEHHA :

- TONepeYHble Ce9EeHHs KOpITyca, NepeMEHHbIE N0 TOJIHHE CTEHKH
WIM [OHaMETPy, VA aNmapaToB MOCTOSHHONO cedeHHs (M0 AMAMeTpy H
TONIIMHE CTEHKH) - TONBKO IMOMEPEYHOE CEYEHHE B MECTE NMPHCOCAMHEHHS K
onopHo# obevaiike;

- monepeyHoe CedeHHne ONOpHO# 00edaiikyu B MeCTe IPHCOESAMHEHHS K
Kopmycy KosoHus! (I'-I, puc.3.1);

- NOMEepeYHoe CeYeHHe OMOpHOH 06eyaiikH B MECTaX pacIOJOXKEHHA
orsepcthit (J-4, puc.3.1);

- MONEPEYHOC CCYECHHE B MECTE NPHUCOCAUHECHHA ONOPHOro KoJbia (E—
E, puc.3.1).

) WHIHHAPHUYECKas 6) KoHHUecKast
Puc.3.1 PacuerHsie cedeHHs ONOPHOI 0bedaiky
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3.2. Pacuemnvie nazpysxu

3.2.1. Pacuemnwie dasnenus

PacyerHoe namneHwe P, B paboYHX YCIOBHAX H B YCIOBHAX
HCIIKTanKust p, yCTaHaBIMBaeTcs no [2].

3.2.2. Hazpysxu om cobcmeennozo eeca

Ilpu pacyere MOMKHBI OBITH YYTEHBI CIEAYIOINHE BECOBBIE HArPY3KH,
JEHCTBYIONIME HAJl PACYETHHIMH CEYCHHAMH:

G, - Bec ammapata B paboYHX YCIOBHAX, BKIIOYas BEC
00CITyXHBaIOIKX TUIOIAAOK, JNECTHHII, H30JALKH, BHYTPEHHHX M HapY>KHBIX
YCTpOHCTB M paboueit cpelnl;

G, - Bec anmapara NpH THADOHCIBITAHHH, BKIIOYas BEC XHAKOCTH,
3aMoNHAIOIICH annapar,

(3 — MAKCHMAIILHBIH BEC anmapaTa B YCIOBHAX MOHTAXa;

G, - MHHHMAILHBII BEC anmapata B YCIOBHSX MOHTaXa MOCIE
YCTAaHOBKH B BEPTHKAITLHOE MONOKEHHUE.

Heo6xoauMo yYHTBIBAaTh, 9TO HAarpy3Ka OT Beca BOABI, 3alOMHSIOIEH
annapar B YCJIOBHSAX FMAPOHCIILITAHHIN, ISHCTBYET TOIBKO Ha HIKHEE THHINE H
pacyeTHbIE CEYCHHs ONMOPHOH 06euaiKku.

3.2.3. Pacuemnnie uszubarouiue Momernmsl

Ilpn pacdyere YYHTHIBAIOTCS ClEOYIONME H3rHOAIOIHE MOMEHTHI,
JEeHCTBYIOLIHE Hall PACYETHBIMH CEYECHHAMH:

M; - MaxkcumanpHBIM  M3rMGalOME  MOMEHT OT  AelcTBHA
IKCLIEHTPHYECKHX BECOBBIX HArpy30K, B TOM HHCJIE OT MPHCOEIHHAEMBIX
TpyGONMpOBOJOB H APYTHX Harpy3ok;

M, - mruGalomme MOMEHTH OT NeHCTBHA BETPOBBIX HAarpysok,
onpeaensoTcs no n.2.3 1A TpeX pacueTHHIX YCIOBHIA:

M,; — nna paGounx ycnosuit npu narpyske Gy;

M,; - nns yenosuii ucninitanmii npu Harpyske G;

M3 - nns ycnoeui MoHTaxa npu Harpyske Gis;

Mg - wusrubaroniHe MOMEHTBl OT CEHCMHMYECKHX BO3JCHCTBHIA,
ONpeaeNnAoTCs 10 N.2.4 11 ABYX PacUETHBIX YCIOBHH:

Mg — nis paGounx ycnoeuit npu Harpyske G,

Mpg; - s yenosuit MonTaxa ripu Harpyske Gi3;

3.2.4. Couemanue nazpysox

Annapar pacCUHTHIBAETCS /Ul CIEAYIONIMX TPEX YCIIOBHH paboThI:
paboune ycnosus;
YCJIOBHS HCITBITAHHS;
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YCJIOBHS MOHTaXa.
CouyeTaHue Harpy3oK Ui 3THX YCIJIOBHH NPHBEAEHO B Tabmuue 3.1

Tabnuma 3.1
Coueranne HArpy3oxK
PacuyetHoe
ABJICHHE Ocesoe PacueTHBIH H3rHOaIONHI
Ycnosus A p CXKUMaroIee MomerT M
paort MIla ycm(l:a:cf, H H-mmM, (krc-cm)
(krc/cm?)
Paco Bonsmee U3 nByX 3Ha9eHUI:
abouee
yCcloBHe pi F;=G, M, = Mg+ M,
M; = Mg+ Mg,
Ycnosue
HCTILITAHKS p2 F;=G; M> = Mg,+0,6 M,
F3=G;
s Bonblliee U3 ABYX 3HAYCHHIN:
yenosue 0 AHKEPHBIX M; = Mg+ M,;
MOHTaXa
6orroB M; = Mgz+ Mg;
F3=G,

3.3. Kopnyc annapama

CTeHKa KONOHHOTO annapara pacCYUTHIBACTCA HA NPOYHOCTH H
YCTOHYUBOCTB.

Pacuer Npo4YHOCTH NMPOBOAMTCA M pabOYMX YCJIOBHM M YCIOBHS
MOHTaXa.

Pacuer yCTOHYHBOCTH NPOBOAWTCA M)A pabodMX YCIIOBMi H yCIOBHA
HCIIBITAHHH.

PacueT HapyXHBIX 3IEMEHTOB KOPIyca annapara (naTpy0ku, ¢piaHup,
KOJIBIIA JKECTKOCTH M Ap.) NMPOBOJMTCA MO METOAMKAM, HMIIOKEHHBIM B T.I
HACTOALIETO CTaHAapTa.

3.3.1. Ilposepka npounocmu

[1pooNBHBIE HANPSDKEHUS OX CIEQYET PACCUHTHIBATH:
- Ha HABETPCHHOH CTOpPOHE:
p(D+s) F aM .
o.xl = - + 2 ’
4s-c) zD(s-c) zD*(s—c)
- Ha NOJIBETPEHHOH CTOpPOHE:
4(s ¢) zD(s-c) =D*(s- c)
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Kosnsuesuie HaNpsH)KCHHUA:

D+s
o, = M; (3.3)
2(s -c)
BKBHBaJ]eHTHHC Haﬂpme“m OIlpeJIeJDHOTCﬂ o ](pHTeleO

HMHTEHCHBHOCTH HANpsDKEHHUH JUId TUIOCKOTO HANMPAXKEHHOTO COCTOSHHS:
- Ha HaBETPEHHO# CTOpPOHE

_ 2 2,
O-axsl - \jo-xl —leay + O-y ' (34)

- Ha NOJIBETPEHHOH CTOpOHE

2
O s = \/0'32 -0,0,+0," ; (-5

YcnoBust IpOYHOCTH IIPOBEPAIOTCA:
- Ha HAaBETPEHHOH CTOpOHE

max{o, ;0 f<[0] 0 (346)

- Ha TIOABETPECHHOH CTOpOHE
max{o,; 30, }<[olo; 3.7

rae [O']k - IONyCKaeMoe HampsoKeHue IS MaTepHala KopIryca
anmnapara ITpH pac4eTHOH TeMneparype no IlpunoxenHio 1.
@ - k03 GHIHEHT MPOYHOCTH CBapHOro 1Ba 1o Tabauue 2.2.

B cmyuae, xorna O, WM O, CXHMAawLIHE HAOPKEHHS,

x1

3HaYeHHe @ B popmynax (3.6), (3.7) npurumMaercs paBEbIM 1,0.

3.3.2. IlIposepka ycmoituusocmu

J1s konoHH, paboTaroMHKX 1O BHYTPECHHHM H30LITOYHBIM AaBICHHEM
WK Ge3 AaBiIeHHs, YCIIOBHE YCTOHYMBOCTH 111 paGoYMX YCJIOBHI H yCITOBHH
HCTTBITAHHUA CYHTACTCA BBIMIOJTHCHHBIM IIpH:

FaM <o, 38
[F]" [M]

rae F' u M npunumaiorcs B cootBetcTsun ¢ Tabmmueit 3.1, a [F']
u [ M ] onpenensiorcs o n.3.2.4 1 1.3.2.5 1-ro ToMa COOTBETCTBEHHO.

Ina koJoHH, pabGoOTAalOIIHX MOJA HapyXHbIM [aBJICHHEM, YCJIOBHE
YCTOHYHBOCTH IS paGOYHX YCIIOBHI CYHTAETCA BRIOTHEHHBIM TIPH:
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p F M
(pl [F] [M]

rne p, F u M npunmmatorcs B cooTBercTBuy ¢ Tabnmuei 3.1, a

[P], [F] u [M] onpenenstorcs no n.3.2.2, n.3.2.4 u n.3.2.5 1-ro Toma

COOTBETCTBEHHO.
IMpoBepka yCTOHYHBOCTH B YCIOBHAX HCHBITAHMH NPOBOTUTCA IO

¢dopmye (3.8).

<10, (3.9)

3.4. Onopnasn obeuaiixa

Pacyer omopHo#i obGeualiky mpoBOAHTCS JUIA pabodHX YCIOBHH H
ycnosui ucnsiranns B cedenmsix -/, E-E, I'-I" (puc.3.1). PacueTHbie Harpy3ku
H u3rubarone MOMEHTH IPUHUMAIOTCS Mo Tabmune 3.1.

Vcnosue npovMHOCTH CBapHOTO LIBA, COSAHHAIOIIETO KOPITYC KONOHHBI
¢ onopHoii obeyaiixoii (ceuenne [-I), obecneanBaeTcs MpH:

1 (4M . .
M(E + FJ < 0,8-min{o],[c].}: (3.10)

YcTolumBOCTE ONMOpHOH obeuaiiku B 30He oTBepcTHs (cedenne -/,
pHc.3.1) onpexensercs BbINOJIHEHUEM YCIOBHA:

F  M+Fy; "D, @.11)
'//I[F] Wz[M]

rne [F], [M] - onpemenstorcs m.3.24 u n3.25 l-ro Toma
COOTBETCTBEHHO;

wl, ¥2, 3 - xK03)PHIMEHTE], ONPEAEAEMEIE COOTBETCTBEHHO TI0
dopmynam:

y aw _b (.12)
'y, = s Wy = .
) ! Z(Dn +5, +r:)z (su —c) ? D,

rne A, W, bs - COOTBETCTBEHHO IUIOIAAb, HAHMEHBIIHIA MOMEHT

vi= #(Dy +54 +c)s, —¢

COMPOTHRIIEHUA W PAacCTOSHHE OT HEHTpa THKEeCTH Haubonee ocnabieHHOro
TIOTIEPEYHOro CeYeHUd A0 OCH ammapara onpeznenstorcsa no [puioxenuo 10.

Orsepcrus nmametpoM menee 0,040, npu pacuere mo dopmynam
3.11-3.12 ne yYHTHIBAIOT.
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3.5. Jnemenmsi onopnozo yina

Pacuer 3nemMeHTOB OMOpPHOroO y3na (puc.3.2) ciexyer NPOBOOUTH IUIA
pabouuX yCIOBHI M JUIs YCIOBHH McnbiTanus. Pacuernnie narpysku F u M
npunumaioT no Tabiuue 3.1 a4 cevenns E-E,

4

e

Hcnoanenue 4

Puc.3.2 OnopHsii y3en
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TonmuHa HIKHErO ONOPHOTO KOJNBIIA MODKHA YHAOBJICTBOPATH
YCIIOBHIO!

AM

D
s 2 maxs y,b,\|—2——+¢; 1,550 ¢» (3.13)
Db, [o],
( 1 — OnA onopHozo xorvya ucnonnenus 1,
3 2
rae 1+1,8\(:—’)
h= —# — OnA OnopHuIX Koney ucnoaHexuti 2,3, 4;
l+2,97(—2J
b

[a] , - AOITYCKaeMOe HanpsDKeHHe U1 MaTepHala ONOPHOTO y3na

NIpH pacdeTHOH Temmnepatype no [Ipunoxenuio 1.
Jns omopHOro Koiblla HCHOMHEHHA 1 B ciydae, eciH

4
[ —F |>0, TonmMHa HHXXHEro ONOPHOTO KOJBLA JOMONHHTEIHHO
0
JO/KHA YOBJIETBOPATH YCIOBHIO:

aM
5 2 —F |- de +c, (3.14)
D, zDy[o],

a TONIHMHA CBAPHOTO MIBA B MECTE MPHBApPKH ONOpHOH obedaikH K
HIXXHEMY ONOPHOMY KOJIBILY:

A 2—2—— (3.15)
122D, [o],

IlIupHHa HHXHErO0 OMOPHOrO koibma bl, ycraHaBiMBaeMoro Ha
GeToHHOM (yHIaMeHTe, I0/DKHA YAOBIETBOPATD YCJIOBHIO:

aM
F +F
b>———, (3.16)
Dg[o],
rae [0']6 - IOMyCKaeMOe HampsukeHHe OeToHa Ha  CKaTHe,
omnpejenseMoe B 3aBHCHMOCTH OT MapkH GeToHa mo Tabmume 3.2 [33, 34, 35].
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Tabmmna 3.2
OmycKaeMoe Hanpsikende GeToHA HA CKATHE
Bimxaiias Mapka Hormyckaemoe HanpshkeHHE Ha
Knacc Gerona GetoHa CcXKaTHe [0']6~, MIla
B10 M150 6,0
B12,5 M150 7,5
B15 M200 8,5
B20 M250 11,5
B25 M350 14,5
B30 M400 17,0
B35 M450 19,5
B40 M550 22,0

Tonumna BEPXHETO OIIOPDHOrO KOJbLA [OOJDKHA YIAOBJICTBOPATH

YCIIOBHIO:
$, 2 max{ X ia]i
A
30
bs .
rae 12 = ——2-,
&)
bS
1 1+ - d
bS
4 =" d}
4

+¢; 1,530} ,

3.17)

- mnnomiaap MNonepeYHoro CEYCHHA aHKEPHOro

6oNTa MO BHYTPEHHEMy aHameTpy pe3bbni d,, KOTOpHIHl TMPHHHMAETCs 1O
Tabmaue 3.3 [37, 38];
[o]; - nonmyckaemoe nanpspkenme Matepuana aHkepHbIX GONTOB

npuHHMaeTcs no tabuuue 3.4 [7];
d - IMaMeTp OKpYXHOCTH, BIIMCAHHOH B INECTHIPaHHHK aHKH
aHkepHoro 6oira npunuMaetcs no tabnuue 3.3 [38,39].
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Tabnuua 3.3
PacueTHbie XAPAKTEPHCTHKH aHKepHLIX GoaToB
HuameTp OKpyXHOCTH,
HoMuHanbHBbIH BuyTpeunnii npametp BIHCAaHHO¥ B
auameTp pe3sbbl, MM pessbr d; , MM IIECTHIPAHHUK raiiku
d,MM

12 9,853 16,5

16 13,546 22,0

20 16,933 27,7

24 20,319 33,2

30 25,706 42,7

36 31,093 51,1

42 36,479 59,9

48 41,866 69,4

56 49,252 78,7

64 56,639 88,2

72 64,639 97,7

80 72,639 107,2

90 82,639 121,1

100 92,639 135,4

110 102,639 1449

125 117,639 168.6

140 132,639 187.2

Tabmiua 3.4
Jonyckaemble HAMPAXKEHHUA AHKEPHBLIX 60TOB MpH Temnepartype 200C
Mapxa cram BCr3 16I°C, 09I"2C,
10I'2C1

JomyckaeMoe HanpsHkeHHE
[0],, Mila 140 170

TlpH HaMYMM YCHIMBAIOINEH IUIACTHHBI, MPHBAPCHHOH K BEPXHEMY
ONOPHOMY KOJIbITy, BMeCTO YCioBus (3.17), Heo6xoqumMo, 9TOOH BBHITIOIHAIOCH
yCIoBHE:

(s, +2383) 2 1, A"—[a]i+c. (3.18)
_ V o],

2
ey = b_7(f3_) MpH BHIMOJHEHHH YCIOBHA (),2 < s—’gl Hu

b‘ 8, S,

b7<1.

0,5<—L
b4
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Tonmmua peGpa 10/DKHA YAOBJIETBOPATH YCIOBHIO:

5,2 max{ﬂ+c; 0,4sl} , (3.19)
2sb,l0], ,

rac
{ 2,0 — 151 ONIOpHOTO y371a HeroNHeHHi 2 U 4 (puc.3.2);
s =

1,0 — 14 onopHoro y3na ucnonHeHus 3 (puc.3.2).

IlpoynocTe onmopHo#H 0GeyaHKH B 30HE BEPXHETO OMOPHOTO KOJBLA
obecneyHBaeTCs NpH BHINOIHEHHH YCIIOBHS:

b2,4,1005¢ ) g9, (3:20)

(so _‘—')2

2
=-0,024 In( ) +2,628 +K’
3{ 1100 1100
D, ; .

D, (105
2(s°—c)
K ={ 0,mpu N <10°

-0,002In(10-4 N), mipn N >10*;
b= { b4 — nna onopuoro yana ucnonxenwuii 3 (puc.3.2);
3

(bs+bs) — nns onopuoro y3na ucnonuenus 4 (puc.3.2).

3.6. Ankepnuie 6onmut

PacdeT NPOYHOCTH aHKEPHLIX GONTOB CNEAyeT MPOM3BOMMTbL IS
yCNOBHIi MOHTaXa, eciM M, >0,44F,D,. B ciyyae,
ecru M, <0,44F,D;, nnamerp ¥ xonM4ectBo 60NTOB NPHHHMAIOT

KOHCTPYKTHBHO.
BHyTpennuii 1uaMeTp pe3bObl aHKEPHRIX 6ONTOB:

M, —0,44F, - D,

ds2 76 ”[0']3 D,

: 321)

225+035 ]’:‘ s o5

3 3
2 3 4
2,7- 2@ +3, D | _ 2,5 5D, +0,65] £Ds , npu FDs 205
M, M, M, M, M,
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10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

HopMaTano-Texnuqecmle JAOKYMECHTbI

IIB 03-576-03. IlpaBuina ycTpoiicTBa M 6€30MACHOH 3IKCIUTyaTAllMH
COCYZI0B, pabOTaOMIMX MOJ JABICHHEM.

T'OCT 14249-89. Cocynsl H annmapathi. HOpMbI ¥ MeTOIBI pacyera Ha
MIPOYHOCT.

I'OCT 25221-82. Cocynnl H annapathl. JIHHAIIA U KPIIKH cepHaeckue
HeoTOoproBaHHbIEe. HOpMBI 1 METOMBI pacyeTa Ha MPOYHOCTb.

T'OCT 26202-84. Cocynmsl 1 anmaparsl. Hopmel 1 MeToal pacyera Ha
MPOYHOCTh 00€YaeK U AHHII OT BO3JACHCTBHSA ONOPHBIX HAaTPY30K.

I'OCT 24755-89. Cocyns! H annapatsl. HopMbl H MeTOAB pacuera Ha
MPOYHOCTh YKPEIUICHHA OTBEPCTHI.

T'OCT P 51273-99. Cocyxns!  annaparsl. HopMEI B MeTOnBI pacueTa Ha
npoyHoctb. OmnpeneneHne pacyeTHBIX YCWIMH JIA  annapatoB
KOJIOHHOTO THIIA OT BETPOBBIX Harpy30K H CEACMHYECKHX BO3JEHCTBHIA.
T'OCT P 51274-99. Cocyan 4 anmapathl. Anmaparsl KOJIOHHOTO THIIA.
Hopmb! 1 MeTozB! pacyera Ha MPOYHOCTb.

I'OCT 25859-83. Cocymsl M anmapathl crajibHbie. HOpMBEI H MeTOIBI
pacdeTa Ha IPOYHOCTh TIPH MATOIMHKIOBBIX Harpy3Kax.

T'OCT 25867-83. Cocynsl 1 anmapatsl. Cocyasl ¢ pyGamkamu. Hopmsl
M METOJBI pacyeTa Ha MPOYHOCTb.

HopMmsbl pacuera Ha mnpodHOCTh oOOpyZoBaHMs H TpyGompoBOIOB
ATOMHBIX HEPreTHYECKHX YCTaHOBOK. —M.: DHeproaromusaar, 1989.
P 26-15-88. Cocynsl M anmapatsl. HopMBl M MeTOAb! pacyera Ha
NPOYHOCTh H TEPMETHYHOCTD (pTaHILIEBBIX COCAMHEHHIA.

P PTM 26-01-96-83. Kpeimku H JHMIIA IUIOCKHE KpYTJbiE C
paaHanbHEIMH peGpaMH XKECTKOCTH COCY/I0B H alnapaToB.

PJ1 10-249-98. HopMbl H pacyeTa Ha MPOYHOCTh CTALIMOHAPHBIX KOTJIOB
¥ Tpy6ONpoOBOIOB Napa H ropsA4ei BOIbI.

Pl 26-01-169-89. Cocyne!l H annapatsl. HOpMBI H MeTOABI pacyeTa Ha
MPOYHOCTH JHHIL B MECTAX KPEIUIEHUS ONMOpP-CTOEK.

P/ 24.200.21-91. Cocynsl ¥ anmapartsl. HopMel 1 MeToan! pacyeTa Ha
MPOYHOCT DJIEMEHTOB IUIABAIOINMX TOJOBOK  KOXYXOTpYOuUaTsix
TEIIOOOMEHHBIX aIMapaToB.

P1 26-02-62-98. Pacyer Ha NpPOYHOCTh 3JJEMEHTOB COCYIOB H
anmnaparos, paboTaromHx B KOPPO3HOHHO-aKTHBHBIX
CEpOBOJOPOACOAEPKAIMX CPEAAX.

P/ 26-02-63-87. Texuuueckne TpeOGOBaHHA K KOHCTPYHPOBAHHIO H
H3TOTOBJIEHHIO COCYNOB, aNnapaTtoB H TEXHOJNOTHYECKHX OJIOKOB
YCTAHOBOK IIOATOTOBKH HedrH M ra3a, paboTaloHX B cpejax,
BBI3BIBAIOILHX CEPOBOIOPOHOE KOPPO3HOHHOE PACTPECKHBaHHE.

I'OCT 27772-88. IlpokaT Uil CTPOHTENBHBIX CTAILHBIX KOHCTPYKLHH.
T'OCT 28759.3-90 ®naHIEBI COCY/IOB H aNNapaToOB CTATbHbIC PHBapHbIE
BCTHIK. KOHCTpYKUHA H pa3sMepbl
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20.

21.

22.

23.

24.

25.

26.

217.

28.

30.
31.
32.
33.
34.
35.

36.
37.

38.
39.
40.

41.
42.

T'OCT 28759.4-90 ®naHLBI COCYNOB H aNnapaToB CTAIBHbIE IPHBApHBIE
BCTHIK TOA IIPOKJIAKY BOCBMHYTOJBHOIO CEYEHHMS.

T'OCT 28759.2-90 dnaHiBl COCyIOB H alNapaToB CTAIbHBIE IUIOCKHE
MPHBapHBIE.

IFOCT 12815-80. ®naHunl apMaTyphl, COCOMHHMTENBHBIX YacTeil H
1py6onposozaos na P, o1 0,1 n0 20,0 MITa (ot 1 1o 200 Krc/cm?). THn,
IlpucoenMHMTENbHbIE  pa3Mephl M pasMephl  YIUIOTHHTEJNBHBIX
MOBEPXHOCTEMH.

I'OCT 12821-80. ®naHibl cTalbHEIE IPHBapHbIE BCTHIK Ha Py, ot 0,1 10
20,0 MITa (ot 1 g0 200 Krc/cm?). KoHCTpYKIMS M pasmepsl.

TOCT 12820-80. ®nanusl cTanbHElE NJIOCKHE NPHBapHBIE Ha P, ot 0,1
70 20,0 MITa (ot 1 10 200 Krc/cm?). KOHCTpYKuMs H pasMepsL.

T'OCT 20700-75. BosTsl, NWIbKH, TAHKU U WIAHOB 119 ¢uaHUEeBbIX U
aHKEPHBIX COCIHHEHHH, NMPOOKH ¥ XOMYTSI C TeMIiepaTypoi cpensl ot 0
o 650 °C.

OCT 26-01-64-83. 3axxumbl. KOHCTpYKIIHS U pa3Mepsl.

OCT 26-665-87. Ormnopbl-CTOHKH BEPTHKAIbHBIX ammapaToB. THIIbL,
KOHCTPYKIHS U Pa3MeEpBI

CHHII 2.09.03-85. Coopy»eHHs NPOMBILLUICHHBIX PEANPHATHIA.

T'OCT 24756-81. Cocynnl M anmaparsl. ANnaparsl KOJIOHHOTO THIA.
HopMbl M MeTonpl pacyera Ha MpOYHOCTh. OmpenelcHHe PacdeTHBIX
YCHIMH [UIl anmapaToB KOJOHHOIO THIA OT BETPOBHIX HArpy30K H
CeHCMHYECKHX BO3ACHCTBHH.

I'OCT 24757-81. Cocyasnl ¥ anmapaThl. ANnapathl KOJOHHOTO THIIA.
HopMmsl 1 MeToIbI pacyeTa Ha IPOYHOCTb.

CHHUII 2.01.07-85. Harpy3ku u Bo3aeHcTBHA. 1996r.

CHHIT I1-7-81. CtpontenbcTBo B ceficMHYeckux paioHax. 2000r.
CHuII 2.03.01-84. BetoHHbIe U Xene300€TOHHbIE KOHCTPYKLHH.
Ilocobue noO mNpPOEKTHPOBAHHMIO AaHKEPHBIX 00ATOB WA KpEIUICHHA
CTPOHTENBHBIX KOHCTPYKLHMi H 060pynoBanus (k CHull 2.09.03)

I'OCT 26633-91. BetoHH TsKenbie H MeNnko3epHHCTHIE. TexHuueckue
YCIIOBHS.

I'OCT 24379.1-80. bontsl pyHaameHTHBIE. KOHCTPYKIHA H pa3Mepsl.
I'OCT 24705-81. OcHOBHbIE HOPMBI B3aMMO3aMEHAEMOCTH. Pe3nba
MeTpHyeckas. OCHOBHBIE Pa3Mephl.

IFOCT 5915-70. Taiiku ImecTUrpaHHble KiIacca TOYHOCTH B.
KoHcTpykuns u pasmepsl.

T'OCT 10605-94. I'afixu LIECTHIPAHHBIE C JIHAMETPOM pe3b0bl CBHIILE
48mM Ki1acca TOYHOCTH B. TexHHuUeCKHEe yCIIOBHs.

ASME Boiler and Pressure Vessel Code Sec.VIII, Div 1, 2002.

ASME Materials Sec.II, Part D — Properties. 2002.

WRC-107 Welding Research Council. Bulletin. “Local Stresses in
Spherical and Cylindrical Shells due to External Loadings”. 1979.
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43.

45.

46.

47.

48.

WRC-297 Welding Research Council. Bulletin. “Local Stresses in
Cylindrical Shells due to External Loadings on Nozzles — Supplement to
WRC Bulletin Ne107”. 1987.

BS-5500: Specification for Unfired fusion welded pressure vessels.
British Standards Institution. 1976.

WRC-368 Welding Research Council. Bulletin. “Stresses in Intersecting
Cylinders subjected to Pressure”. 1991. —32 p.

Bildy, Les M., 2000, “A Proposed Method for Finding Stress and
Allowable Pressure in Cylinders with Radial Nozzles,” PVP Vol. 399,
ASME, New York, NY, pp. 77-82.

Zick, L.P., “Stresses in Large Horizontal Cylindrical Pressure Vessels on
Two Saddle Supports”, Welding Research Journal Supplement,
September,1951.

C. E. FREESE. Vibrations of Vertical Pressure Vessels. Journal of
Engineering for Industry.1959.
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NPUJIOXEHHE 1. lonyckaeMble Hanpsi>KeHUA s
crajei [2]

Tabnuna 1
Ilonyclcaemue HaNPAXEeHHA 1JI1 YIJIEPOAHCTHIX H HH3K0JIerHpOBaHHBIX
cTajaei
PacueTHas Jloryckaemoe nanpsmxenne (o], MIla (krc/cm?), 1A cTaneit MapoK
TeMnepaTypa BC13 | 09r2C, 16IC | 20, 20K
CTCHKH TOJIIHHA, MM 102, 17TC,
cocyaa wix 10 092 17T'1C,
armgaaa, 1020 | ceume20 | no32 |cemme 32| xo 160 10r2C1

20 |154(1540)| 140(1400) |196(1960)|183(1830)|147(1470)|130(1300)|180(1800)|183(1830)
100 |149(1490)| 134(1340) [177(1770)|160(1600)|142(1420)|125(1250)(160(1600)| 160(1600)
150 |145(1450)| 131(1310) [171(1710)|154(1540)|139(1390)|122(1220){ 154(1540){ 154(1540)
200 [142(1420)| 126(1260) [165(1650)|148(1480)|136(1360)|118(1180)|148(1480)148(1480)
250 [131(1310)] 120(1200) [162(1620){145(1450)[132(1320)]112(1120)| 145(1450)]145(1450)
300 [115(1150)] 108(1080) |151(1510)[134(1340)|119(1190)|100(1000)|134(1340)|134(1340)
350 [105(1050)] 98(980) |140(1400)[123(1230)|106(1060)| 88(880) [123(1230)|123(1230)
375 93(930) | 93(930) |133(1330)|116(1160)| 98(980) | 82(820) |108(1080){116(1160)
400 85(850) | 85(850) [122(1220)|105(1050)| 92(920) | 77(770) | 92(920) [105(1050)
410 81(810) | 81(810) |104(1040)|104(1040)| 86(860) | 75(750) | 86(860) [104(1040)
420 75(750) | 75(750) | 92(920) | 92(920) | 80(800) | 72(720) | 80(800) | 92(920)
430 [71*(710)] 71%710) | 86(860) | 86(860) | 75(750) | 68(680) | 75(750) | 86(860)

440 N 78(780) | 78(780) | 67(670) | 60(600) | 67(670) | 78(780)
450 X ] 71(710) | 71(T10) | 61(610) | 53(530) | 61(610) | 71(710)
460 - 64(640) | 64(640) | 55(550) | 47(470) | 55(550) | 64(640)
470 ] ; 56(560) | 56(560) | 49(490) | 42(420) | 49(a90) | 56(560)
480 : - 53(530) | 53(530) |46* (a60)| 37(370) &6;) 53(530)

* JIna pacyeTHoi#i Temnepatyph creHku 425°C.
** Jins pacdeTHO#H TeMnepaTyps cTeHku 475°C.

Ipumeuanua:

1. Jina nHCTOBOrO MpOKaTa, H3TOTOBIAEMOTO COTJIACHO TEXHHYECKHM
YCIOBHAM MO HBYM IpyIIaM NPOYHOCTH, NOMYCKa€Mble HANpPSKECHHS I
NEpBOH Ipynmsl NpHHUMatOT no tabmuue 1. g ndcToBOro mpokara BTOpOH
rpynmsl npoyHocTH Ans craneir BCT3 u 09T2C momyckaemoe HanpspKeHHE
yBenuuuBaloT Ha 6%, a juia cram 0912 — va 7%. [Ipn npuMeHeHHH cTanu
Ber3 BTOpO#H Ipynmsl NPOYHOCTH NMpPH TEMIIEpAaType BbILe 250°C, a craneit
09I'2C n 092I' mpu Temmeparype Bhime 300°C omyckaembie HampsKeHHs
NPHHUMAIOT TAKHMH XK€, KaK U1 CTaJIH NepBOH IPYINIEL.

2. Tipm pacyeTHRIX TemmepaTypax Hwke 20°C nomyckaeMble
HanpMKCHHsA IPHHHMAlOT TakMMH XK€, kak npu 20°C, mpH YCIOBHH
JIOITYCTHMOTO MPHMEHEHHS MaTepHaia NIpH JaHHOH TeMIieparype.

3. Jlnd mpOMeXYyTOYHBIX PacCueTHHIX TEMIEpAaTyp CTEHKH
OONYCKAEMOE HANpsIKEHWE ONpPEAEISIOT IIMHEHHOM wuHTepnomsumMeR ¢

© Accoumarpin «Pocrexskcneprisan
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OKpYTNIEHHEM pe3ynbTatoB 10 0,5 MIla (5 KIc/cM’) B CTODOHY MEHBIIErO

3HA4YCHHA.

4. Nlns cram mapku 20 mpH R® c220MpIg (2200 Kre/cm’)

JOIYCKAeMBble HANPSYKEHHs, YKa3aHHble B TaOll. 1, YMHOXAIOT Ha OTHOILEHHE

RX /220 (R /2200)-

20
5. Jlis cranu mapku 1012 mpu RP02<270 MIla (2700 krc/cm®)
JIOIMyCKaeMbl€ HANpPsDKEHHA, yKazaHHblE B Tabl. 1, yMHOXalOT Ha OTHOILCHHE

20
2521270 (RPo2/2700).

Tabmua 2

Jonyckaemble HanpsiKeHHA 1/ TEILIOYCTOHYHBBIX XPOMHCTBIX
crajiel

Pacuernas Jlonmyckaemoe Hampsokenne [c], MIla (krc/cm?), wia cTaneii Mapok
Temmeparypa
CTEHKH COCY/Ia HIIH 12XM 12MX 15XM 15X5M 15X5M-Y
annapata, °C

20 147(1470) 147(1470) 155(1550) 146(1460) 240(2400)
100 146,5(1465) 146,5(1465) 153(1530) 141(1410) 235(2350)
150 146(1460) 146(1460) 152,5(1525) 138(1380) 230(2300)
200 145(1450) 145(1450) 152(1520) 134(1340) 225(2250)
250 145(1450) 145(1450) 152(1520) 127(1270) 220(2200)
300 141(1410) 141(1410) 147(1470) 120(1200) 210(2100)
350 137(1370) 137(1370) 142(1420) 114(1140) 200(2000)
375 135(1350) 135(1350) 140(1400) 110(1100) 180(1800)
400 132(1320) 132(1320) 137(1370) 105(1050) 170(1700)
410 130(1300) 130(1300) 136(1360) 103(1030) 160(1600)
420 129(1290) 129(1290) 135(1350) 101(1010) 150(1500)
430 127(1270) 127(1270) 134(1340) 99(990) 140(1400)
440 126(1260) 126(1260) 132(1320) 96(960) 135(1350)
450 124(1240) 124(1240) 131(1310) 94(9*40) 130(1300)
460 122(1220) 122(1220) 127(1270) 91(910) 126(1260)
470 117(1170) 117(1170) 122(1220) 89(890) 122(1220)
480 114(1140) 114(1140) 117(1170) 86(860) 118(1180)
490 105(1050) 105(1050) 107(1070) 83(830) 114(1140)
500 96(960) 96(960) 99(990) 79(790) 108(1080)
510 82(820) 82(820) 84(840) 72(720) 97(970)
520 69(690) 69%(690) 74(740) 66(660) 85(850)
530 60(600) 57(570) 67(670) 60(600) 72(720)
540 50(500) 47(470) 57(570) . 54(540) 58(580)
550 41(410) - 49(490) 47(470) 52(520)
560 33(330) - 41(410) 40(400) 45(450)
570 - - - 35(350) 40(400)
580 - - - 30(300) 34(340)
590 - - - 28(280) 30(300)
600 - - - 25(250) 25(250)
ITpumeyanus:

1. TIpH pacdeTHrIXx Temmeparypax Hipke 20°C nomyckaeMbie HaNpAKCHHA
NPUHHUMAIOT TAKHMH e, Kak npH 20°C mpH YCIOBHH AOMYCTHMOIO NMPHMEHEHHS
MaTepualia NpH JaHHOH TeMIepaType.

© Accounanna «PocTexsxcnepTusa»
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2. Jlns npoMEXYTOYHBIX PAcCUETHBIX TEMIIEPaTyp CTEHKH JOMyCKaeMoe
HanpsHKeHHe ONPEACIAIOT IHHEHHOH HHTepNoNALHeH C OKpPYTrIeHHEM pPe3yJbTaToB

no 0,5 MITa (5 kre/em?) B CTOPOHY MCHBLIETO 3HAYEHHS.

3. Ilpu pacyeTHeix Temnepatypax Hwke 200°C crams Mapok 12MX, 12XM,

15XM npuMeHSATE HE PEKOMEHAYETCH.

TaOmuua 3

Jonyckaemble HanpsikeHHs 1719 )KapONPOYHBIX, KAPOCTOHKHX H
KOPPO3HOHHOCTOHKHX CTAJIEH ayCTEHHTHOTO KJacca

Pacuethas JomyckaeMoe Hanpskenne [o], MITa (krc/cm?), 1s cTaneii Mapok

TeMrmeparypa 08X18H10T, 12X18H10T,

CTEHKH cocyaa 08X18H12T, 12X18H12T,

YK anmapara, 03X21H21MAT'B| 03X18HI11 03X17H14M3 08X17H13M2T, | 10X17H13M2T,
°C 08X17HISM3T | 10X17H13M3T
20 180(1800) 160(1600) 153(1530) 168(1680) 184(1840)
100 173(1730) 133(1330) 140(1400) 156(1560) 174(1740)
150 171(1710) 125(1250) 130(1300) 148(1480) 168(1680)
200 171(1710) 120(1200) 120(1200) 140(1400) 160(1600)
250 167(1670) 115(1150) 113(1130) 132(1320) 154(1540)
300 149(1490) 112(1120) 103(1030) 123(1230) 148(1480)
350 143(1430) 108(1080) 101(1010) 113(1130) 144(1440)
375 141(1410) 107(1070) 90(900) 108(1080) 140(1400)
400 140(1400) 107(1070) 87(870) 103(1030) 137(1370)
410 - 107(1070) 83(830) 102(1020) 136(1360)
420 - 107(1070) 82(820) 101(1010) 135(1350)
430 - 107(1070) 81(810) 100,5(1005) 134(1340)
440 - 107(1070) 81(810) 100(1000) 133(1330)
450 - 107(1070) 80(800) 99(990) 132(1320)
460 - - - 98(980) 131(1310)
470 - - - 97,5(975) 130(1300)
480 - - - 97(970) 129(1290)
490 - - - 96(960) 128(1280)
500 - - - 95(950) 127(1270)
510 - - - 94(940) 126(1260)
520 - - - 79(790) 125(1250)
530 - - - 79(790) 124(1240)
540 - - - 78(780) 111(1110)
550 - - - 76(760) 111(1110)
560 - - - 73(730) 101(1010)
570 - - - 69%(690) 97(970)
580 - - - 65(650) 90(900)
590 - - - 61(610) 81(810)
600 - - - 57(570) 74(740)
610 - - - - 68(680)
620 - - - - 62(620)
630 - - - - 57(570)
640 - - - - 52(520)
650 - - - - 48(480)
660 - - - - 45(450)
670 - - - - 42(420)
680 - - - - 38(380)
690 - - - - 34(340)
700 - - - - 30(300)
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Ipumeganns:

1. Ilpu pacyerHsix TeMneparypax Hike 20°C jgomyckaembie
HalpsOkeHHA NPHHAMAIOT TakMMH ke, kak H npu 20°C, mpu ycnoBHu
ZOITyCTHMOTrO MPHMEHEHHS MaTepHala PH JaHHOH TeMIepaType.

2. Jlna mNpOMEXYTOYHBIX PpPacyeTHBIX TEMIEpaTyp CTEHKH
JOITyCKaeMOE HANpSKEHHE OIPefeAIOT HHTEPIOIHEH ABYX OmmKaimIHx
3Ha4YeHHH, yKa3aHHBIX B TabnuIe, ¢ oKpyrineHneM pesynsTatos mo 0,5 Mlla (5
Krc/cmM?) B CTOPOHY MEHBIIEro 3HaYEHHS,

3. Ina nokoBok H3 cramd Mapok 12X18HI10T, 10X17H13M2T,
10X17H13M3T nonmyckaeMble HanpsKEHHsA, NpPUBEACHHHIE B Tabn. 3 mpu
TemnepaTypax ao 550°C, ymuoxarot Ha 0,83.

4, Jma coproBoro mnpokara u3 craid Mapok 12X18HI10T,
10X17H13M2T, 10X17H13M3T pmomyckaeMble HaNpsKEHHS, MPUBEJEHHBIE B
Tabn. 3 NpH  TeMmeparypax A0 550°C, YMHOXAIOT  Ha

240 { 2400

rae R',,m — mpeden TEKY4YeCTH MaTepHala COPTOBOrO IpoKara
onpeneneH no I'OCT 5949; aona coproBoro mnpokara H3 CTald MapKH
03X18H11 nomyckaembie HanpskeHUs: yMHOXaroTcs Ha 0,8.

5. JIns NOKOBOK H COPTOBOro mpokata u3 cramu Mapku 08X18H10T
JOMYCKaeMble HamnpshkeHHs, MpHUBEAEHHBIC B Tabn. 7 NMpH TemmepaTypax o
550°C, ymuoxatotT Ha 0,95. '

6. JIna nokosok u3 cramd MapkH 03X17H14M3 pomyckaemsie
HanpsHKeHHs, pUBe/IeHHRle B Tabn. 3, yMHOXatoT Ha 0,9.

7. JHna mnokoBok u3 cramn Mapku 03X18HI11 pomyckaemsle
HaMpsOKEHHs, npuBedcHHble B Tabn. 3, ymHoxkator Ha 0,9; mis coproBoro
npokara u3 crami Mapkd 03X18H11 pomyckaeMble HaNPsOKEHHA YMHOXAIOT Ha
0,8.

* L[]
OTHOIIIEHHE R0z [R_P"vz ]

8. lns tpy6 u3 cranu mapku 03X21H21MAI'B (3U-35) nomyckaeMble
HaInpsHKEHH, NpHBeAeHHble B Tabn. 3, yMHOXaroT Ha 0,88.

9. Jlnx mokoBok M3 crand Mapku 03X21H21M4AI'B (3U-35.)
JOIyCKacMble HaNpsKEHHs, INpHBENCHHBlE B Tabm. 3, yMHOXKAlOT Ha
OTHOLIEHHE

Rpo,2 R;o,z
250 | 2500

rae R'po,z — Tpeaen TEKy4eCTH MaTepHala NOKOBOK, ONpEAENCH IO
T'OCT 25054 (o cornacoBaHHio).

© Accounauus «Poctexskcneprusa»
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Tabinma 4

JlonyckaeMble HaNPsKEHH JUIA XKapONPOYHbBIX, :KAPOCTOHKHAX H
KOPPO3HOHHOCTOHKHX CTajiel ayCTEHHTHOT0 H 8YCTeHHTO-QepPHTHOr O

Kiacca
Pacuernan onyckaemoe Hanpskerye [o], MITa (krc/cM), Ui cTaseif MapOK
Temmepatypa
c;'y;?:“ 08X18T8H2T|07X13AT'20{02X8H22C6|15X18H12CATIO[06 XH28M/IT,| 08X22H6T,
ammapara, | (KO-3) | (AC46) | (OM-794) | (3M-654) |03XH28MJIT| 08X2IH6M2T
°C
20 230(2300) | 233(2330) | 133(1330) | 233(2330) 147(1470) | 233(2330)
100 206(2060) | 173(1730) |106,5(1065)|  220(2200) 138(1380) | 200(2000)
150 190(1900) | 153(1530) | 100(1000) | 206,52065) | 130(1300) | 193(1930)
200 175(1750) | 133(1330) | 90(900) 200(2000) 124(1240) | 188,5(1885)
250 160(1600) | 127(1270) | 83(830) | 186,501865) | 117(1170) | 166,5(1665)
300 144(1440) | 120(1200) | 76,5765) |  180(1800) 110(1100) | 160(1600)
350 R 113(1130) - - 107(1070) -
375 . 110(1100) - - 105(1050) .
400 - 107(1070) - - 103(1030) -
IIpumeganus:

1.

Ilpn pacyetHbix Temneparypax Hwke 20°C nomyckaemsie

HanpskeHHs NPHHAMAIOT TakMMH Xe, kKak H npH 20°C, npH YCIOBHH
JOMyCTHMOTO NIPUMEHEHNA MaTepHaa NpH JJaHHOH TeMIepaTtype.
pacyeTHBIX TEMIIEpaTyp CTEHKH
JOMyCKaeMoe HANpsIKCHHE ONpENENAIOT HHTepnoidlueii AByX Ommbxaimmux
3HaveHMH, YKA3aHHKIX B TaGIHIeE, ¢ OKpyrieHHeM Ao 0,5 MITa (5 xrc/cM’) B
CTOPOHY MEHBIIIETO 3HAYCHHS.

2.

Jins  [pOMeXYTOYHBIX
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INPAJIOKEHHE 2. Mexannueckue
XapaKTepHCTHKH cTaJjei [2]

MexaHHYeCKHEe XapaKTePHCTHKH:
IUIsL YTJIEPOAMCTHIX H HH3KOJIETHPOBAHHKIX CTaneif — Tabu. 1 u 2;
IUTSL TEIUIOYCTOMYHBELIX XPOMHCTHIX cTaned — tabn. 3 u 4;
IUIA KApONPOYHBIX, XAPOCTOHKMX M KOPPO3SHOHHOCTOHKHMX cTaie
ayCTEHUTHOTO M aycTeHuTO-heppUTHOTO Kacca — 1abin. 5 1 6;
UL KapOIPOYHBIX, XXAPOCTOWKMX M KOPPO3HOHHOCTOHMKHX cTanei
ayCTEeHHMTHOro kiacca— 1abn. 7, 8 u 9.

Tabmuua 1
Pacuernan PacqeTHoe 3HaucHHe OpelieNa TekyuecTH Re, MIIa (krc/cM’), anis cTanei Mapok
Temiiepatypa BCr3 | 09I2C,16I'C |20 u 20K
CTEHKH TO/IIMHA, MM 1012 17IC,
cocyna HiH 10 09]..2’ 17T'1C,
ann:gara, 2020 |cemue20| 032 (ceeume 32| no 160 10r2C1

20 250(2500){210(2100)| 300(3000) |280(2800)|220(2200)]195(1950)|270(2700)|280(2800)
100 |230(2300)|201(2010)|265,5(2655)|240(2400) [213(2130)| 188(1880)| 240(2400) | 240(2400)
150 |224(2240)| 197(1970)|256,5(2565)|231(2310) [209(2090) | 183(1830)[231(2310)|231(2310)
200 [223(2230)189(1890)|247,5(2475)|222(2220)|204(2040)| 177(1770)| 222(2220) | 222(2220)
250  |197(1970)| 180(1800)| 243(2430) |218(2180)|198(1980)|168(1680)|218(2180)|218(2180)
300 |173(1730)| 162(1620)|226,5(2265){201(2010)| 179(1790)| 150(1500)|201(2010)|201(2010)
350 |167(1670)|147(1470)| 210(2100) |185(1850)|159(1590)(132(1320)| 185(1850)| 185(1850)
375 |164(1640)| 140(1400)| 199,5(1995)| 174(1740)| 147(1470)| 123(1230)| 162(1620)| 174(1740)

400 - 183(1830) |158(1580) - - - 158(1580)

410 - - - 156(1560) - - - 156(1560)

420 - - - 138(1380) - - - 138(1380
Tabnuua 2

Pacuetnas | PacuerHoe 3HaueHHE BPEMEHHOTO COMPOTHRICHNHS RT, Mila (krc/cm?), Ul CTanei Mapok

Temmepatypa BCr3 | 09I2C, 16I'C | 20 20K 102, 0972,
CTCHKH TONMWMMHA, MM 10 1 71"C,
aﬁcﬁﬂ% 1o 20 crime 20 o 32 cepmue 32 | mo 160 llgll:zlg i

20 460(4600) | 380(3800) | 470(4700) | 440(4400) | 410(4100) | 340(3400) | 440(4400)
100 435(4350) | 360(3600) | 425(4250) | 385(3850) | 380(3800) | 310(3100) | 385(3850)
150 460(4600) | 390(3900) | 430(4300) | 430(4300) | 425(4250) | 340(3400) | 430(4300)
200 505(5050) | 420(4200) | 439(4390) | 439(4390) | 460(4600) | 382(3820) | 439(4390)
250 510(5100) | 435(4350) | 444(4440) | 444(4440) | 460(4600) | 400(4000) | 444(4440)
300 520(5200) | 440(4400) | 445(4450) | 445(4450) | 460(4600) | 374(3740) | 445(4450)
350 480(4800) | 420(4200) | 441(4410) | 441(4410) | 430(4300) | 360(3600) | 441(4410)
375 450(4500) | 402(4020) | 425(4250) | 425(4250) | 410(4100) | 330(3300) | 425(4250)
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Ta6muua 3
PacueTHad TeMnepaTypa | PacdeTHOe 3HaueHHe npe/ena TeKyqectH Rpy,, MIla (irc/cm?), as craneit
CTEHKH COCYZa WIH MapoK
armapara, °C 12MX 12XM 15XM 15X5M 15X5M-Y
20 220(2200) 220(2200) 233(2330) 220(2200) 400(4000)
100 219(2190) 219(2190) 230(2300) 210(2100) 352,5(3525)
150 218(2180) 218(2180) 229(2290) 207(2070) 345(3450)
200 217,5(2175) | 217,5(2175) | 228(2280) 201(2010) 337,5(3375)
250 217,5(2175) | 217,5(2175) | 228(2280) 190(1900) 330(3300)
300 212(2120) 212(2120) 220(2200) 180(1800) 315(3150)
350 206(2060) 206(2060) 213(2130) 171(1710) 300(3000)
375 202(2020) 202(2020) 210(2100) 164(1640) 270(2700)
400 198(1980) 198(1980) 205(2050) 158(1580) 255(2550)
410 195(1950) 195(1950) 204(2040) 155(1550) 240(2400)
420 194(1940) 194(1940) 202(2020) 152(1520) 225(2250)
Tabnuua 4
Pacuetnas PacueTHOE 3HaUYeHHE BpeMEHHOTO conporuBieHus R, MIla (xrc/cuz), ANA cTanei
TeMnepaTypa CTCHKH MapoK
e | 12Mx 12XM 15XM 15X5M 15XSM-Y
20 450(4500) 450(4500) 450(4500) 400(4000) 600(6000)
100 440(4400) 440(4400) 440(4400) 380(3800) 572(5720)
150 434(4340) 434(4340) 434(4340) 355(3550) 555(5550)
200 430(4300) 430(4300) 430(4300) 330(3300) 535(5350)
250 440(4400) 437(4370) 437(4370) 320(3200) 520(5200)
300 454(4540) 445(4450) 445(4450) 318(3180) 503(5030)
350 437(4370) 442(4420) 442(4420) 314(3140) 492(4920)
375 427(4270) 436(4360) 436(4360) 312(3120) 484(4840)
400 415(4150) 426(4260) 426(4260) 310(3100) 472(4720)
410 413(4130) 424(4240) 424(4240) 306(3060) 468(4680)
420 410(4100) 421(4210) 421(4210) 300(3000) 462(4620)
Tabnuna S
Pacuernas PacuerHoe 3HaveHne npeaena Texydectd Rpoo, MIla (KI‘C/CMZ), JUIA cTaneit Mapok
TeMmneparypa
CTEHKH 08X18r'8H2T|07X13AI'20{02X8H22C6| 15X18H12CATIO | 08X22H6T, |06XH28MAT,
cocyna Wim (KO-3) (Uc-46) | (311-794) (3H-654) 08X21H6M2T| 03XH28mar
annapara, °C
20 350(3500) | 350(3500) | 200(2000) 350(3500) 350(3500) 220(2200)
100 328(3280) | 260(2600) | 160(1600) 330(3300) 300(3000) 207(2070)
150 314(3140) | 230(2300) | 150(1500) 310(3100) 280(2900) 195(1950)
200 300(3000) | 200(2000) | 135(1350) 300(3000) 283(2830) 186(1860)
250 287(2870) | 190(1900) | 125(1250) 280(2800) 250(2500) 175(1750)
300 274(2740) | 180(1800) | 115(1150) 270(2700) 240(2400) 165(1650)
350 - 170(1700) - - - 160(1600)
375 - 165(1650) - - - 157,5(1575)
400 - 160(1600) - - - 155(1550)
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Tabmiia 6
Pacuetnas PacueTHOe 3HaUCHHE BpEMEHHOro conpoTvaierns Rt, MITa (krc/cs’), i craeit
TEMIIEpPaTypa CTCHKH MapoK
cocyaa, win annapara, |08X18I'8H2T (| 07X13AI20 | 02X8H22C6 [15X18H12C4ATIO| 06XH28MAT,
°C (KO-3) (Uc-46) (3I1-794) (3HU-654) 03XH28mar
20 600(6000) 670(6700) 550(5500) 700(7000) 550(5500)
100 535(5350) 550(5500) 500(5000) 640(6400) 527,5(5275)
150 495(4950) | 520(5200) 480(4800) 610(6100) 512,5(5125)
200 455(4550) | 490(4900) 468(4680) 580(5800) 500(5000)
250 415(4150) | 485(4850) 450(4500) 570(5700) 490(4900)
300 375(3750) | 480(4800) 440(4400) 570(5700) 482,5(4825)
350 - 465(4650) - - 478(4780)
375 - 458(4580) - - 474(4740)
400 - 450(4500) - - 470(4700)
Tabmua 7
Pacyernas PacueTHoe 3HaYCHHE MPE/IENa TEKyqecTH Rpy o, MIIa (krc/cy’), s cTanei MapoK
TeMmmneparypa 12X18H10T, 08X18H10T,
crerku cocyma | 12X18HI12T, 08X18HI2T,
win annapata, | 10X17H13M2T, | 08X17H13M2T, 03X21H21M4I'B | 03X18HI1 | 03X17H14M3
°C 10X17H13M3T | 08X17H1SM3T
20 276(2760) 252(2520) 270(2700) 240(2400) 230(2300)
100 261(2610) 234(2340) 260(2600) 200(2000) 210(2100)
150 252(2520) 222(2220) 257(2570) 187,5(1875) 195(1950)
200 240(2400) 210(2100) 257(2570) 180(1800) 180(1800)
250 231(2310) 198(1980) 250(2500) 173(1730) 170(1700)
300 222(2220) 184,5(1845) 223(2230) 168(1680) 155(1550)
350 216(2160) 169,5(1695) 215(2150) 162(1620) 152(1520)
375 210(2100) 162(1620) 212(2120) 160(1600) 135(1350)
400 205,5(2055) 154,5(1545) 210(2100) 160(1600) 130(1300)
410 204(2040) 153(1530) - 160(1600) 125(1250)
420 202,5(2025) 151,5(1515) - 160(1600) 123(1230)
430 201(2010) 150,75(1508) - 160(1600) 122(1220)
440 199,5(1995) 150(1500) - 160(1600) 121(1210)
450 198(1980) 148,5(1485) - 160(1600) 120(1200)
460 196,5(1965) 147(1470) - - -
470 195(1950) 146(1460) - - -
480 193,5(1935) 145,5(1455) - - -
490 192(1920) 144(1440) - - -
500 190,5(1905) 142,5(1425) - - -
510 189(1890) 141(1410) - - -
520 187,5(1875) 139,5(1395) - - -
530 186(1860) 138(1380) - - -

ITpumeyanue. Ipenen TekydyecTH A NOKOBOK, COPTOBOIO IPOKaTa U
Tpy6 npu 20°C crnexyer MpHHKMATh:

AL NMOKOBOK H3 CTai MapoK

10X17H13M3T — g2

1,2

Rplo(mmera);

12X18H10T,

10X17H13M2T,
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U1 TIOKOBOK H COPTOBOro mpokara u3 ctauu Mapku 08X18HI10T -

Rﬂo(num)
1,05 ;
IUIA  COPTOBOrOo mpokara u3 crand  Mapok  12X18HI10T,
20
10X17H13M2T, 10X17H13M3T - W15 Rpo.2(copTa),
Rzo!] ' o(nmcra)
IUTA IOKOBOK M3 cTanu Mapok 03X17H14M3, 03X18H11 - L1l ;
Rf,?,o (smcra)
U1 COPTOBOTO TIPOKaTa U3 cTam Mapku 03X 18H11 - 125
R,z,?,o (:mcra)
ans Tpy6 U3 cranmu Mapku 03X21H21M4TB (3U-35) - 114

(moxoBKH)

rae R

I'OCT 25054 (1o cornacoBaHHIO).

U TIOKOBOK M3 ctanu Mapku 03X21H21M4T'b (3U-35)

20
_1,08 R%,

P02 mpeneNn TEKy4eCTH MaTepHala IOKOBOK ONPEAEIEH Mo

Tabmuua 8
PacyerHas PacqeTHOe 3HaueHMe npeaena TeKydectd Rpo, MIla (n*c/cmz), 1A cTajneH Mapok
Temnepatypa | 12X18HI10T, 08X18H10T,
crenku cocyna| 12X18H12T, | 08X18HI2T,
wn anmapara, | 10X17H13M2T, | 08X 17H13M2T, 03X21H21M4I'B| 03X18H11 03X17H14M3
°C 10X17H13M3T | 08X 17H13M3T
20 240(2400) 210*%(2100) 250(2500) 200(2000) 200(2000)
100 228(2280) 195(1950) 240(2400) 160(1600) 180(1800)
150 219(2190) 180(1800) 235(2350) 150(1500) 165(1650)
200 210(2100) 173(1730) 235(2350) 140(1400) 150(1500)
250 204(2040) 165(1650) 232(2320) 135(1350) 140(1400)
300 195(1950) 150(1500) 205(2050) 130(1300) 126(1260)
350 190(1900) 137(1370) 199(1990) 127(1270) 115(1150)
375 186(1860) 133(1330) 195(1950) 125(1250) 108(1080)
400 181(1810) 129(1290) 191(1910) 122,5(1225) 100(1000)
410 180(1800) 128(1280) - 121,5(1215) 98(980)
420 180(1800) 128(1280) - 121(1210) 97,5(975)
430 179(1790) 127(1270) - 120,5(1205) 97(970)
440 177(1770) 126(1260) - 120(1200) 96(960)
450 176(1760) 125(1250) - 120(1200) 95(950)
460 174(1740) 125(1250) - - -
470 173(1730) 124(1240) - - -
480 173(1730) 123(1230) - - -
490 171(1710) 122(1220) - - -
500 170(1700) 122(1220) - - -
510 168(1680) 120(1200) - - -
520 168(1680) 119(1190) - - -
530 167(1670) 119(1190) -
* Ins craneit 08X17H13M2T, 08X17H15M3T npeaen rekydects npu 20°C pasen 200
(2000) MITa (kcr/cm?).
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TeKy4eCTH, pHBeAeHHbIE B Tabn. 8, ymHoXxatoT Ha 0,88.

I'OCT 25054 (1o cornacoBaHuio).

IpumeyaHns:
1. Jins nokoBok u3 cramd Mapok 12X18H10T, 10X17H13M2T,
10X17H13M3T, npenesnsl TeKydecTH, MpHBeAeHHbIE B Tabn. 7 1 8, yMHOXalOT
Ha 0,83.

2. Jlns CcOpTOBOrO INpoOKara H3

»

CTaJlH

mapok 12X18HI0T,
10X17H13M2T, 10X17H13M3T npexensi TeKy4ecTH, MpHBEeAEHHBIE B TaOM. 8,
YMHOXAIOT Ha

* *
Rp0,2 Rp0,2

240 | 2400
rae R',o,z — Tmpenen TEKYYeCTH MaTepHana COPTOBOTO MpOKaTa
onpeaened no F'OCT 5949.
3. JIna NOKOBOK H COPTOBOro npokara u3 crauM Mapku 08X18H10T
TipeieNbl TEKY4ecTH, IpHBEICHHbIE B Tabu1. 16, ymHoxatoT Ha 0,95.
4. Jina noxoBok u3 ctanu Mapku 03X17H14M3 npeaens! TekyuecTH,
npuBeaeHHbIE B Tab1. 8, yMHOXaroT Ha 0,9.
5. Jlna nokoBok m3 cranmu Mapku 03X18HI11 npeaenn TekyuectH,
npHBeAeHHbIE B Tabn. 8, ymHoxaloT Ha 0,9; 1s cOpTOBOro MpoKara H3 CTalH
Mapku 03X18H11 npenens! TekydecTn ymMHOXkatoT Ha 0,8.
6. na tpy6 u3 cranu mapku 03X21H21M4I'B (3U-35) npenesst

7. Lna nokoBok u3 cranu Mapku 03X21H21MA4I'b (3U-35) npenenn
TEKy4eCTH, IpHBEAeHHEIE B Tab1. 8, yMHOXaIOT Ha OTHOIIEHHE

250

R;o,z R;o.z
2500

’

e R, — Tpenen TeKyd4ecTH MaTepuana MOKOBOK ONpEXENeH Mo

Tabanua 9
Pacuernas PacueTHOE 3HaYeHHE BpEMEHHOTO COMPOTHRICHHs RT, MITa (Krc/cM), /1A CTalell Mapox
""a":':;u'”“ 08X18HI0T, | 12X18HI1OT,
08X22H6T, 08X18HI12T, 12X18H12T,
c:ncr)l’:a;::ﬂ 03X21H21M4I'B 08X21H6M2T 03X17H14M3|03X18H11 08X17H13M2T, | I0X17H13M2T,
og ’ 08X17H15M3T | 10X17HI13M3T
20 550(5500) | 600(6000) | 500(5000) |520(5200)| 520(5200) 540(5400)
100 540(5400) 583(5830) 474(4740) | 450(4500) 480(4800) 500(5000)
150 535(5350) | 550(5500) | 453(4530) |433(4330)| 455(4550) 475(4750)
200 535(5350) 515(5150) | 432(4320) {415(4150)| 430(4300) 450(4500)
250 534(5340) 503(5030) | 412(4120) |405(4050)| 424(4240) 443(4430)
300 520(5200) 500(5000) 392(3920) |397(3970) 417(4170) 440(4400)
350 518(5180) - 376(3760) (394(3940)|  408(4080) 438(4380)
375 517(5170) - 368(3680) [392(3920) 405(4050) 437(4370)
400 516(5160) - 360(3600) |390(3900)|  402(4020) 436(4360)
410 - - 358(3580) |388(3880) 400(4000) 434(4340)
© Acconuamms «Pocrexakcneprasa»
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PacuerHan PacueTHOE 3HaueHHe BPEMERHOTO CONpoTHBIeHHs RT, MITa (krc/cM?), 13 cTanei Mapok
e —
) > 18HI2T,
c:rfﬁg;a? 03X21H21M4I'b 08X21H6M2T 03X17H14M3(03X18H11 08X17H13M2T, | 10X17HI13M2T,
oC ’ 08X17H15M3T | 10X17HI13M3T
420 - - 356(3560) |386(3860)| 398(3980) 432(4320)
430 - - 354(3540) |384(3840)! 396(3960) 431(4310)
440 - - 352(3520) |382(3820)| 394(3940) 430(4300)
450 - - 350(3500) |[380(3800)| 392(3920) 428(4280)
460 - - - - 390(3900) 426(4260)
470 - - - - 388(3880) 424(4240)
480 - - - - 386(3860) 422(4220)
490 - - - - 385(3850) 421(4210)
500 - - - - 383(3830) 420(4200)
510 - - - - 381(3810) 418(4180)
520 - - - - 380(3800) 416(4160)
530 - - - - 374*(3740) 412*(4120)

* JIns pacyeTHo#H TeMIepaTyph cTeHkH S50°C.

Ko>bdunueHTh JHHEHHOIro pacuiupeHns

Tabauna 10
PacuerHoe 3HaueHHe koadPuimenTa a-10%, °C!, npH
Mapka cramu Temmeparype, °C
20-100 | 20200 | 20-300 | 20-400 | 20-500
BCT3, 20, 20K, 091'2C, 16I'C, 17TC, 17T'IC,
10r2C1, 1012 11,6 12,6 13,1 13,6 14,1
12XM, 12MX, 15XM, 15X5M, 15X5M-Y 11,9 12,6 13,2 13,7 14,0
08X22H6T, 08X21H6M2T 9,6 13,8 16,0 16,0 16,5
12X18H10T, 12X18H12T, 03X17H14M3,
10X17H13M2T, 10X17H13M3T,
08X18H10T, 08X18HI2T, 03X18HI 1, 16,6 17,0 18,0 18,0 18,0
08X17H13M2T, 08X17H15M3T
03X21H21MAT'B 14.9 15,7 16,6 17,3 17,5
06XH28MT, 03XH28MAT 15,3 15,9 16,5 16,9 17,3
08X18r'8H2T 12,3 13,1 14,4 14,4 15,3

© Acconnauus «Poctexakcnepruiay
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PacyeTrHble 3HAYEHHSA MOAYyJHA YNPYFOCTH

20

=

K8 ~

1)

E“ }}\ N

3 AN
".Zf.‘f \ N\

100 200 300 400 500 600 €

1 — yrnepomucTeie B HH3KOJETHPOBAaHHBIE CTAIH; 2 — TEIUVIOYCTONYMBBIE H
KOPPO3HOHHO-CTOHKHE XPOMHCTBIE CTATH; 3 — JKapONpPOYHEIE, KAPOCTOHKHE H
KOPPO3HOHHO-CTOHKHE ayCTEHHTHBIE CTATH

Ta6muna 11
Cram Mogyns npozonbHo# ynpyrocts 10° E, MIla (10° E krc/cm?) nps Temnepatype, °C
20 | 100 ] 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500 | 550 | 600 | 650 | 700

Yraepoaucreie H
Hu3Koneruposanubie| 1,9911,91 11,86 (1,8111,76{1,71[1,64]1,55]|1,40| - - - - -
CTaJH
TemwnoycTrodyHBrEe K
KOPPO3HOHHO-
CTOHKHE XPOMHCTHIE
cTanu
XaponpouHsle H
KapOCTOHKHE 2,0012,00(1,99(1,97|1,9411,90{1,85]|1,8011,74|1,67|1,60]1,52{1,43|1,32
aYCTEHHTHBIE CTATH

2,1512,1512,05[1,9811,95(1,90| 1,84 1,78 1,71 1,63 1,54|1,40| - -

© Accounaums «Poctexskcrnepruza»
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NMPHJIOXKEHHUE 3. TlpuBenenmbie HATPY3KH B

PACCTOAHHSA A0 UCHTPA THAXKECTH OTACJbHBIX
3JIEMEHTOB COCYI0B (annaparTos)

[{mniuaapryeckas oGeyaiika

Bec mmmnapuyeckoit obeyaiku u
3aJTHTOH XHAKOCTH (BECOBas HArpy3Ka):

2
G= [pc_;r Ls(D+s)+&p.m LDT]g

rne p.. - INOTHOCTE MaTCPHATIACTCHKH,

P = TUIOTHOCTD XXHAKOCTH;

"

é - CTCNCHb 3alI0JTHEHHA COCyna.

PaccrosHue OT Kpast 31eMeHTa 10

UCHTPA TSKECTH [ = L

Konuueckuii nepexon
Konnyeckuit iepexon npeAcTaBisercsa
TPEMA JICMCHTAMH: IByMs

UHWIHHAPDHYCCKHMH H OAHOH KOHHYECKOH T‘Q

obevaiikamu.

BecoBas Harpy3ka JIeBOH LWIMHAPHIECKOH
YacTH Hepexoa:

Lz;m

i

D2
G = [pa.” hsi (D, +5,)+& p.m by ‘f’]g hy

BecoBad Harpy3ka npaBo# IMIMHAPHYECKOH YacTH nepexoaa:

D2
Gy =| P 5, (Dy +5,)+Ep 7 by TZ:Ig

BecoBas Harpy3ka KOHH4YecKO#H oOeyaiiky 3neMeHTa:

G, =[pcm7r% Ls,(D, + D, +23k)+§l)xl” L(D{ + DD, +D22):|g

12

PaccTosiHHe OT Kpas KOHMYECKOTO IIEpeXoda A0 UEHTPa THKECTH

KOHHYECKOH 00euaiKu:

L =h+-L

p.5,(D, +2D, +35, )+ & p.. % (p,? +2D,D, +3D,?)

Pun (D, +D, +2s,)+¢p,%(p,’ +D,D, +D;?)

© Accounauns «Poctexakcneprasa»
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Paccrosnue ot Kpasd 3JICMCHTA A0 LICHTPA THKECTH

h
G, 7‘+G,‘(hl +L,,)+G,(hl +L+h72)
L

l("l: G

OJUIMITHYECKOE THHIIE
St

BecoBas Harpy3ka:

Pom %7; s,(4DH + 4Hs, + D* + 4Ds, +4s} + 6Dh, + 6h;s,) +
G=
vepn2(2na) i
px 4 3 1

PaccrosiHue ot Kpas 3JIEMEHTa OO LIEHTPA TAKCCTH!

_13H?+8Hh, + 6k
4 2H+3h

[Toycdepuyeckoe nuuie

BecoBas Harpy3ka ¥ pacCTOSHHE JO
LIEHTPa TSDKECTH JUIA noiycdepuueckoro
JHHIIA ONpEASIIOTCs 1o GopMyam

sjutMITHYecKoro guuma npy H = — .

2

© Accoumaums «Pocrexakcnepraza»
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CdepHueckoe HEOTOOPTOBAHHOE AHHIIIE
BecoBas Harpy3ska:

P % 5,(2RH + Rs, + Hs, +§s12)+
G= 1 g’
+&p, 7 HZ(R—EH)

2
e, p ’R’ _(g) BBICOTA JHHINA.

PaccrosHuHe oT Kpas 31€eMEHTa [0 UEHTPA THKECTH

_1 4R-H

™ 4 3R-H

Topocdepudeckoe qHHIIE
BecoBas Harpy3ka H pacCTOsHHE OO
LEHTpa TSOKECTH 6e3 yuera ]
OTOOPTOBKH  ONpEJENATCA 1O
¢dopmynam cepryeckoro

L ym

HEOTOOPTOBAaHHOTO  JHMINA  TIpH

2
D
H=R- <R—n)2—(—-r.) .
2
BecoBas Harpy3ka ¢ y4eToM OTOOpPTOBKH:

G=G,+G,,

2

D
rae Gl=|:pm”hlsl(D+sl)+§px” th}g - BecoBas Harpyska

nepexonnoi«i YaCTH JHHIIQ, a G

HEOTOOPTOBAHHOTO JAHHIIA.
PaccrosiHHe OT Kpas 37IEMEHTa 0 HEHTPA TSHKECTH:

h
) G,L, +G, ?'

° ompezeniercs no Gopmyne chepuueckoro

L

)

ym G
rae L, onpenensercs no ¢popMyie cheprueckoro HeoT60pTOBaHHOTO
JHHIIA.

© Acconmauus «POCTEXIKCIIEPTH3IAY
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Konnueckoe nuume

BecoBas Harpy3ka:
G=G,+G,,
2
rie G, =| p . whs,(D+s)+&p, 7 h T g - Becosas

Harpy3ka IepexoHOH YacTH JHHLIA;

G, = [ pwn's'[Ho (D-H,iga, +s')+ %(D -2H,1ga,)? ) +

+Ep, %7{ H,(3D? -6DH iga, +4H1g’a, )]g - BecoBas

Harpy3ka KOHHYeCKo# o0eyaliku JHHUIIA.
PaccTofHHe OT Kpas dJIeMEHTa A0 LEHTpa TAXKECTH:

h
G,L, +G, -+
Lw = ——Z—s
G
e
% P H,(3D-4H tga, +3s')g +& p 7 21~4H , (3D2 -8DH 1ga, +6(H,,tga,)2k
L =h+H, +

Gy
%pm”s'(D -2H,ga,)’g
G,

+H,

- PacCTOAHHE OT Kpas dJIeMEHTa 10
LIEHTpa TSKECTH KOHHYECKOH obevaiiku.

© Accounaums «PocTexarcnepTisa»
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IMNPHJIOXKEHHUE 4. [TonepeyHoe ycH/IHe H
H3rnbaommMi MOMEHT OT pacnpeAe/eHHOH HArPy3KH
B o0eyaiixe

B kauecTBe pacyeTHOH CXEeMBI AJIA ONpeJcieHUs YCHIIHI, MOMEHTOB U
HanpsOKEHHH B | -OM JJIeMEHTe BHE OIOp B OGLIEM CTydae paccMaTpHBAETCA
KOHMyecKass oOOecvaiika, Kak 6anka nepeMeHHOro KOJIBLIEBOIO CEYEHHS,
HaxoAsmasAcs NoJ ACHCTBHEM pacpelesieHHON Harpy3KH OT Beca XHAKOCTH H
camoro 3neMeHTa (puc.1). B uensx ynpouienus I -bieé HHAEKCHI IPH ONIHCAaHHH
pacyeTHOM CXEMBI 3j1eMeHTa onymieHsl. 1{wimHapuyeckas obGeyaiika saBiseTcs

YaCTHBIM ClTydaeM KoHmdeckoit mpu ycnosun D =D, = D, ; s = 5, . JleBniit

KOHEII 3JIEMEHTAa HarpyXXeH Nepepe3bIBaloleii CHIOH H MOMEHTOM OT JeHCTBHA
NPEABIAYIIHX JIEMEHTOB.

{ﬂ

2

Puc.1 PacueTHas cxeMa 371eMeHTa MEXXAY ONMOpaMH

Mt
<l __XJ 2,

!

PacnpeneneHHax Harpys3ka 1o JUIHHE 3JICMCHTa:

D,-D D,-D, Y
q(x>=pmnsk[Dl +5, *-’l—'X)g«prx%”{Dl A xJ g
ITonepeuHoe ycnaue

TNonepeuHoe YCHJIME IS BCEX IEMEHTOB, KPOME NIEPBHIX NOCIE OMOp
(i=Lnl;i=nl+2,n2-1;i=n2+1,n)@uc9.l):

00 =0+ Iq(x)dx =0+ P shl{Dl +85+ DZZ_IDl x)g +
° ;

2
+§pné/u{3l),z+3b, D, I_Dl x+(D2_I-D'] x’Jg

© Accounauus «PoctexaxcnepTH3Ian
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AT TepBOTO 3neMenta moche nepsoit (i =nl+1) u Bropoit
(i =n2) onopw::

D,-D
O(x)=0.,—Fiy +p7 skx(Dl +s, + 221 l xjg'*'

-D -DY
+§px£ﬂx[3Dlz+3D, Dzl lx+[D2 'sz]g

!

H3runbaomnii MoMenT
Jina Bcex 3eMeHTOB, KpoMe TepBoix mocte onop (i=1,nl;

i=nl+2,n2-1;i=n2+1,n):

MX)=M_,+0,_x+ ]-Q(x)d’: =M, +Q, x+

+

1 ., 4_D,-D, 1(D,~-D,Y ,
+ —zx°| D +=D x+—| —
gpxs x{ 1 3 I 2 ] X g

- ey
+ P %n skxz(D] +5, +@x)g

Wwis nepsoro snementa nocne mneppoit (i=nl+1) u sropoi
(i = n2) onopsr:

M(x) = M.'_l +(Q.'-1 —F](z))x+ IQ(x)dx = Mi—l +(Qi-l _Fl )x"'

2D, -D,) x)g . )
37

- D,-D, Y
+§P,%zrx2{Dlz +§D. b, -b, x+%[#) x’)g

+pm%7rskx2(D, +5, +

l l

PesynsTHpylolas nepepespiBaiomias Ciia H MOMEHT MOCIE i -To
3JEMEHTa:

0, =Ly M, =M(L) (3)
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IMPAJIOXKEHMUE 5. CpoiicTBa marepuaJioB 60J1TOB
(muiaex) gjasa pacyera ¢uiaHmeBbIX CoOeHHEHHH
cOCynoB U annaparos [11]

Tabmmua 1
Jonycxaemoe Hanpsxenue 60nToB (Lmunex)
[0'16 » MIla qns cranei Mapok
Pacuer-
35X, 40X, 38XA,
Hal | 3g go | 12XIBHIOT Lo, s14p2Mposx15H24B4TH 37X12H8T8ME| 2M  xH3sBT
TeMMnepa 10X17H13M2T A
20XH3A
“TYpa
130,0 110,0 160,0 231,0 230,0 230,0 208,0
100 126,0 105,0 150,0 226,0 230,0 230,0 196,0
200 120,0 98,0 150,0 221,0 2250 200,0 186,0
250 107,0 95,0 144,0 2190 2220 182,0 186,0
300 97,0 90,0 139,0 2170 222,0 174,0 186,0
350 86,0 86,0 128,0 215,0 185,0 166,0 186,0
375 80,0 85,0 128,0 2140 175,0 166,0 186,0
400 75,0 83,0 128,0 213,0 160,0 166,0 186,0
425 68,0 82,0 1250 213,0 153,0 161,0 186,0
450 80,0 . 123,0 213,0 156,0 186,0
475 79,0 120,0 2130 186,0
500 78,0 1180 208,0 186,0
510 117,0 2050 185,0
520 116,0 202,0 184,0
530 115,0 199,0 183.0
540 114,0 196,0 181,0
550 113,0 195,0 180,0
560 183,0 165,0
570 171,0 150,0
580 169,0 135,0
590 157,0 110,0
600 147,0 110,0
610 110,0
620 105,0
630 100,0
640 94,0
650 88,0
Pacuer-
Had 20X 14X17
Temmepa 13 25X1MD 25X2M1 P 18X12BMB®P| 20X1M®1BP |07X16H6 H2
-'l'ypa
20 195,0 238,0 238,0 238,0 238,0 321,0 2980
100 182,0 2270 232,0 234,0 234,0 314,0 294,0
200 165,0 217,0 231,0 231,0 2240 312,5 287,0
250 157,5 210,0 2240 227.0 2130 309,8 284,0
300 150,0 199,0 220,0 227,0 202,0 307,0 280,0
350 147,0 185,0 2130 220,0 185,0 307,0 280,0
375 146,0 180,0 209,0 216,0 183,0
400 145,0 175,0 206,0 213,0 182,0
425 143.,5 168.0 202,0 208,0 178,0
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450 142,0 161,0 199,0 203,0 175,0
475 100,0 152,0 1950 196,0 171,0
500 143,0 192,0 189,0 167,0 ]
Ta6imua 2
Kosdduumnenr mineiinoro pacumpenus 108 ] B 3aBHCHMOCTH OT
a _
Mapxa ctamu zpad
Temnepatypu, 0C
20-100 200 300 400 500 600
35 11,1 11,9 13,4 - -
40 11,3 12,0 13,3 133 - -
20X13 10,4 10,9 11,4 11,8 - -
14X17H2,
07X 16H6 10,6 10,8 11,0 11,1 11,3 -
35X,40X,38XA 13,4 13,3 - 14,8 - -
20XH3A 11,0 12,0 13,0 13,5 14,0 14,5
30XMA 12,3 12,6 12,9 13,9 - 144
25X1MdD 11,3 12,7 - 13,9 - 14,6
25X2M1D,
20X M®1EP 12,5 12,9 13,3 13,7 14,0 14,7
18X12BME®PP 11,2 11,3 11,4 11,8 12,0 -
37X12H8Ir'sModb 15,9 18,0 19,2 21,5 224 21,0
12X18H10T
10X 17HI3M2T 16,6 17,0 18,0 18,0 18,0 -
45X14H14B2M 16,6 17,0 18,0 18,0 18,0 18,0
XH35BT 14,8 15,1 15,5 15,9 16,1 16,6
08X 15H24B4 14,5 15,5 16,3 16,8 17,2 17,4
Tabmna 3
Mozy:b npononsHO# yupyroctu 10° Es, mma (10° E,, kre/cm’) nipn
Mapka cranu Temneparype, °C
20 | 100 | 150 | 200 [ 250 | 300 | 350 | 400 | 450 | 500 |550| 600
35,40 2,102,051 2,00 1195/190]185[1,80( 1,75 | 1,67 ] 1,60 | - -
20X13, 14X17H2,
18X 12BMB®P, 20XH3A 22002,15( 2,12 |2,10(2,05{2,00]1,95]| 1,90 | 1,85 | 1,80 |1,75| 1,70
07X16H6, 35X, 40X,
38XA, 30XMA, 25XIMQ, |2,15]2,10( 2,07 | 2,05}2,0212,00|1,95] 1,90 | 1,85 ] 1,80 |1,75| 1,70
25X2Mid
20X1M®1bP 2,1012,05(2,02 (2,00(197]195]1,90 | 1,85 | 1,80 1,75 |1,70] 1,65
12X18H10T,XH35BT
10X17H13M2T,
45X14H14B2M, 2,05(2,00| 1,95]1,90|1.85| 1,80 1,75 ] 1,70 | 1,67 | 1,65 |1,62] 1,60
08X15H24BATP,
37X12HST'8MdB
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MNPAJIOXXEHHUE 6. KoapduuuenTs! 151 pacuera
¢uanueBbIX coefuHenni [40]

4
M 4="1"Cq, @ C= 4368( m:_.’_u____J
S —C J(D+2e)(s, — )

1 4 5 174
3)C ==+ 4 Cy =42,
3 C @G =t e

312
P B 6 C =L, 594 1434
210 * 360 7360 5040 C

1 54 (1+4) 1 174 1
=t 8 — 4=
MC=50* 1008 ¢+ ©%“ 1m0t 5040t
60 2254 754* 54’
215 + 514 7 14 7 2 .
2772 1232 c ’
6,154,124 54
31 + 1284 + 17 7 11 .
6930 45045 C ’

1,334 394" 254°
533 L6534 (2 14 28 84
30240 73920 C ’
1 334 814% 134°
+ +

—+
29 +3A 2 14 28 12
3780 704 C ’

®C =

(10) Cg =

an C, =

a2 C, =

1 64 154 §_4j_

31 17634 +§+7+ 8 T
6048 665280 c ’

13) C,, =
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8 184 1564° 64°
+ + + -
714 35 35 385 55

1
HC, = —+ + 5
19 € 2925 300300 C

1,64 114* 34
761 9374 3 35 70 70

15 C,, = + + R
(13 €13 831600 1663200 C

1,64 174 &
197 1034 35 35 70 10

16) C,, = ;
(18) 14 = 315800 332640 C
a 3A+A2 24°
233 974 14
(17) Cys = + L35 35 14 105

831600 554400 C
(18) Cg = C,C;Cy, + C,GCy + CGC, —(C:C, + C82Cl +C;C, );

C.CiCy + CGChs + GGGy —(CuCiC, + C2C, +CuCiCy ).
CIG ’

(19 C,, =
C,C,Cz + CiCiCh + GG, —(CiC,C, + C2C, +C,C,Co0).
Cis ’

CC,Cpp + C,G,Cs + C,CChy —(C1sC,C, + C2C, +CL,C,C )
Cis ’

(20) Cy5 =

@) Cy=

C,C,Cpy +C,CiC, + C,C,,C, - (C2C, +CiC,C +c,2cc)
Cl6

22) Cyy =

C,C,oCyy +CsCiC, +C,C,,C, —(C2C, + €, C,C, +C,C,C).
Ci |

(23) C21 =

= CICIICIZ + CSCBCJ + C3C|5C2 - (CBZCII + CISCSCI + Cl2C6C2 );

(24) Cyp C
16
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CiC:Cis +C,C,C, +C,CC, = (C,G,C, + G GC, + C2C,,)

25 Cyy = :
Cis
26) C,, = S+ CiCioCs + GG, - (c.6C + GG+ CIC,).
Ci
@7) Cys = C,CiCis + C,C,Cs +CoC,C, = (C,C,C + GG, Cy + Cic,).
C]S
C 0,25 s
@5 C26 B {4) : (@9)Cy =C3 = Cyy = E + C17C26 N
1 >
B0)Cy =Cp —Cy ~ 12 +CyCh; (B Cyy = _( J ;
4
c\o” 34
(32) Gy = {Z) ; 33 C;, = N C,,Cy;
1 c,=05C,C, +C,C,C, —
4 C — _C C ; (35) 33 > 2632 28™31%>29 ;
(34 Cyy 5 1930 —(0,5C,,Cy +C5,C,,Csy)
1 o\
(36) Cy = 12 +C3=Cy —CyCys 37 Gy = _C18(4) :
0,5C,.C,, +C,,C,,C,, —
C. = C23C35C29 ——C32C34C29 ' 26%35 3aL3 Lo
(38)Cy = D B9 c. = —(0,5C;4Cy + C35C,,Co) .
C33 ( C37 C >
33

@0) E, = C;Cy + Ci3 + CyCyy5 @) E, =CyCis +C,, + C,,Cyy;
(@2) E; =CpCi + Cpy + CysCyy5 (43) ;

1 4 1 114 14
E=E|—+—|+E|—+—|+E|—=+—|;
@5 ’(2 6) 2(4 84) 3[70 105]
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A A
(45) E6=E5—C3ﬁ(l+ A +3— ——1————C37(~1+i+l ;
120 36 C 40 72 60 120 C
C36.
(@6) f=max{l+A4’
1,0

E
47a) e=— c 035 (1 7 s - 1A ranues no puc.12.1;
+4) J(D+20)(s, —¢)
2,73 C
Cls(l+£)+c2l(l + M)+C24(L +i)_(i + i)
@76) e = — 2 6 4 84 70 105 40 72 i

0,25 3
(-2%] (”?’0 J(D+2c)(s, —0)

s ¢iaHnes mo puc.12.2, 12.3;

H

D
(48,a) K= *_ nns pnanuesno  (486) K=

pinii €]
D+2c Dy +2c s
puc.12.1; no puc.12.2;
D,
488) K= Dk And draHIes o @9) 7 - K*(1+8,552461gK) -1 :
k (1,0472 + 1,9448K 2 )(K —1)
puc.12.3;
2 _ 2
50y = K (8552461 K) -1, (s1)p_ _1 (o 66845:5,71605 1K |
1,36136(K % —1}K —1) K-1 K*-1
E
(53,0) V = 4 -
K*+1 73" 3
(52)Z=K2_1; ~ (1+4)

¢nanues no puc.12.1.1;
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1 G 3Gy,

a5 5 o
G300V = 075 - st hnasues mo puc.12.1.2, 12.1.3;

(—2’73). 1+ 4)°
C

u he+1 R
(4 d=".J(D+2c)(s, —c)(s —€)%; ssy L="¢r2, "

y ( Xso —€)(s¢ —€) (55) T d
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INPUIOXKEHMUE 7. CBoiicTBa MaTepHaJI0B 60/1TOB
(mnnaex) A pacyera ¢uiaHNeBbIX COCHHEHUM
apMarypsl H Tpyoonposoaos[10, 25]

Ta6mma 1
Pacuernas PacueTHoe 3Ha9eHHe Npeaena TeKyHecTH Goxros (mmunek) R,, MIla
TeMmeparypa ANA CTANEH MApOK
35 40 45 0912C 20X13 30X13 35X
20 275 295 315 245 590 590 590
50 255 265 304 235 559 579 579
100 235 255 304 235 549 569 569
150 225 235 294 226 520 559 549
200 225 216 274 216 520 549 520
250 186 216 255 216 481 540 520
300 147 216 245 196 471 530 491
350 127 196 225 177 460 471
400 157 454 461
450 157 445 392
500 333
PacueTHas 20X 1M1 18X12B | 31X19H9
TeMIepatypa 40X 30XMA 35XM 25XIMo <&1BP MEBOP MBBT
0 590 640 640 670 670 670 315
50 569 617 611 638 670 667 314
100 569 608 588 638 657 657 314
150 549 568 588 628 647 647 314
200 530 529 588 608 627 647 314
250 500 480 562 589 598 638 314
300 500 461 536 559 568 638 314
350 441 441 500 520 519 618 294
400 421 441 484 490 510 598 284
450 392 412 460 452 490 569 275
500 304 382 408 402 470 530 275
550 265
600 196
Tabnuua 2
Pacuernas PacueTHOe 3HaUCHHE BPEMEHHOTO wwmenm GonroB (mnuwiex) Ry , MIla
TenmepaTypa JUIA CTaned Mapox
35 40 45 0912C 20X13 30X13 35X
20 530 549 569 432 785 785 736
50 530 520 569 432 755 755 726
100 530 520 569 432 736 736 726
150 520 510 569 432 716 716 706
200 510 510 569 432 687 687 706
250 500 510 549 432 667 667 706
300 500 500 530 432 638 647 706
350 500 471 510 432 625 628
400 432 616 510
450 392 604 510
500 383
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Pacuernas PacueTHoe 3HA4YEHHE Npenena TeKy4ecTH 6orrros (wmunex) R, Mlla
Tenmep N cTaielt MapoK
. 7 20X 1M1 18X12B | 31XI19H9
40X | 30XMA | 35XM | 25XIMd O1EP ME®P MBET
20 736 785 784 785 785 785 589
50 726 775 765 775 775 775 589
100 726 755 749 775 765 755 569
150 706 746 732 765 755 746 549
200 697 706 732 765 746 726 530
250 697 697 717 755 736 706 510
300 697 687 701 725 726 687 491
350 628 687 701 695 716 667 471
400 540 669 651 645 697 628 41
450 461 598 586 589 647 589 441
500 461 530 505 529 598 549 412
550 392
600 392
Tabsnua 3
Koa>¢duuneHT mHHeiiHOro pacmmpeHHs 10¢ 1 B 3aBHCHMOCTH OT TEMIEPATYPHI,
Q- —_——
Mapka cram
o 0C
50 100 | 150 | 200 | 250 [ 300 [ 350 | 400 | 450 | 500 | 550 | 600
35, 40, 45,
0912C, 35X,
40X3, S%MA’ 1,5 111,91122 125 ] 12,8 13,1 [ 134 | 13,6 ( 13,8 | 140 | 142 | 144
25X 1Mo,
20X1M®P1bP
20X13,30X13,
18X12BMEDP 1001103106108 111011121114} 11,5} 1,7} 11,8} 1191 120
31X19H9MBBT | 164 | 166 | 168 | 17,0 | 172 | 174 | 176 ]| 178 | 180 | 18,2 | 18,4 | 18,5
Tabnuua 4
Mapa cram Mogyms ynpyrocth E .10, MITa B 3aBHCHMOCTH OT Temnepatyphl, 0C
20 | S0 [ 100 | 150 | 200 [ 250 [ 300 | 350 | 400 | 450 | 500 | 550 | 600
35,4045, 2,10 1207 (205[200}195119 [185]180}1,75] 1,70 | 1,65 | 1,60
0912C,
20X1M®1EP 2,1012,07(205(202]200}195(19 | 1,85] 1,80 1,75 | 1,67 | 1,60
35X,40X,30XMA,
35XM, 25XIMQ, 2,1512,1212,10(207(205]|202(200[195]{190]185]|1,801{175( 1,70
20X13,30X13,
18X 12BMEDP 2201217 1215(2,12{2,10]2,05[200(1,9 (19| 1,85 1,80 | 1,75 1,70
31X19HIMBBT | 2,05 | 2,02 { 2,00 [ 1,95 (1,90 ] 1,85 | 1,80 | 1,75 | 1,70 | 1,67 | 1,65 [ 1,62 | 1,60
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IMPUJIOXKEHHUE 8. KoadpuuueHTsl 1Js pacyera
YKpeIleHHsl OTBEPCTHIi COCYI0B H aNnaparTos,
patoTawIIKX B KOPPO3HOHHO-AKTHBHBIX
CepoBOIOPOICOIEPKAIUX cpeaax [16]

Bkl e s e O O S O S 174 e A |
S e e e S s et -t e o 20 A
g et s Mk b ol s s B

e o ey ey g o e v S
T3 S S NS s s s 7 M N S N S gt M | s
L} ke sl st b 8 e i w1
L etk e s i e . B o =2 s o s B
LTI A A LET ] e
S Pt i 7 s o ot v o o B L
G ok ke %2 252 o B —trd T
s £ e s i =) b o S S
Niiyily 77 2= w5 oy s |

214 —— L T L ]
B e s s

o 01 02 03 04 05 06 07 a8 D

Puc.1. Ko3pduuneHt HHTeHCHHKALHMH HANPSDKEHHH B IIANHHAPHIECKOH

obeyaiike

K
Bl v e e s e s D S IO S O L B |
e v R b et et ks o 65 R
0 ke o et s . = M
R e e S oo o o o o — 4
P8 O | —1!7/—-——— —— 15
PO iy s g g g g i 57| Iy e ol S SF)

PR S O SOTO S S oL
et T8
ORI I A A s T
L0 Vot ol e 2 s T
SCEETRZHSATAT R —a
s = i T
N —ace S
21 === 1]
. foty i

2

0 01 02 03 04 05 06 o7 08 D,

Puc.2. Koadduument MHTEHCHPHKALNK HANPSDKEHHH B IMTHHAPHYECKOA
obeuarike
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Wr—r— 17— — — — —— — — — — —
)OS U U U O OO
e o e T L B B e e e s o A
. v —_ . . 3 . 5
---»;---4----;«---12=0,025--4--=;---l----;r-~l---i-- 1 ——
it rds o AT T
' AR A O ) M ) e ) QY
ol A bl A =10
A | _i : ] a7
A A T L e 05
: - ;_ ; _5_ —— 04
S A Y I R e gl —— 03
o] e P =i I N Y
A AT L AT —
Sl o N
e Y
04 05 06 07 08 ﬁ

Puc.3. KoaddrumeHnT uuTeHCH(HKAUMH HANIPSOKEHUH B LHVUTHHAPHYECKOH
obeuaiixe

T rTI T T T

—— 15
—a— 10
- 07
—— 035
—— 04
—— 03
—— 02

—— 0l

Puc.4. KoadduumenT nuTeHcupUKauHy HANPAKEHHH B HIMHAPUYECKOM
obeygaiike
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0.05 0.1 015 02 0.25 03 035 04 D

Puc.5. KoadpuuueHT HHTEHCH(HKALMH HATIPSDKCHHH B BHIMTYKJIOM JHHILE
Kyg
6'—"—7—"F— T T T
L ST UL VA s

5 -c,

Puc.6. KoadpunueHT HHTEHCH(PHMKALIMH HAMPSHKECHUH B BBITYKIOM JIHHINE
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Puc.8. Koadduiment nHTeHCHUKALHHE HANPSDKEHHH B BLITYKIOM THHILE
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INPUJIOXKEHHUE 9. [lepemeniennst B 3JieMeHTaX
KOJIOHHOT0 aNnnapaTa oT BECOBbIX HArpy30K

B kadecTBe pacyeTHOM CXeMbl WA OmpeleNeHHA nepeMelleHHi OT
pacrpefieNieHHbIX Harpy3oK, B i-OM D3JIEMEHTE B o0mem cCiydae
paccMaTpHBaeTcs IWIMHApHYeckas ofedyalika ¢ H30IALMCH, BHyTpEHHeH
¢yrepoBkoit u paGounM npoaykToM (B ciyyae HMX HalHWuua) kak Oanka

KOJIBLICBOTO CCYCHHSA (pPlC.l), rae q,- =7' - pacd€THas pacnpeacICHHas
i
Harpyska.
2
@
o E—— —— =
b
oy
ym -
- Q
9,
L i
- =3
a7 L *
hi git

Puc.1 Huueapryeckuit 31EMEHT C paclipeAeICHHOH Harpy3koi

O6mee ycuiHe OT pacnpeneleHHbBIX BECOBBIX  HAarpysok,
IEHCTBYIOILHX Ha 3JIEMEHT:

G =G, +G,+G,+G,,,
rae G, = p,. 7 si(Di +s; )hig - BeC caMoii obeqaiiky;

G = P S Ds + 28, +5,, )1, - BeC BHCMIHEH H3ONALMK;

Gig = Pip7 Sip (D.- —Sip )’%-g - Bec (yTepoBKH;
ﬂ(D,. - 2s,.,i,)2
G, =& P ———— h;g - Bec nponyxra.

4
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TlepemenicHus oT NeHCTBUA pacnpeaeNeHHONR Harpy3KH:

, 17G,h}
yi = 3 — 8 uenmpe maosicecmu anemenma
ABEx(D; +5,)s;
yho= Gk, Ha KOHYe anemenma
* Exn(D, +s,)’s, gt

Yron noBopoTa cedeHHs B KOHIlE IMIMHAPHYECKOH obeuaiiku (I -ro
3JIEMEHTA) MO NEHCTBHEM PacpeEIEHHOM HArpy3KH:

2
o - AGH
i~ 3
3En(D; +s5;)’s;
TlepeMewenus 'UMIHHApHueCKoH OOedaiiku mNOH  JeHCTBHEM
COCPENOTOYEHHOH Harpy3KH:

" 5G ik hl3
Yi = o ——————— —8yeHmpe maAYceCmu 3neMenma
6Exn(D,; +s,)s,;
u 8Gyh;
& — Ha KOHYe dlemenma

T 3Ea(D, +s,)'s,

Puc.2 Llunuaaprueckui SIEMEHT ¢ COCPeNOTOYEHHOH Harpy3KOH.

VYron moBopora cedyeHMs B KOHIE 3JEMEHTa MOA IeHCTBHEM
COCpEIOTOMEHHOM HAarpy3KH:

o = 4G, h}
" En(D, +s,)’s,

IMepemewennas muimHApHdeckod  ofedalikn mnox  aelcrBHeM
H3rubarolero MOMeHTa;

ua M Gi hrz
Y, = ———%——5— —6yenmpemaxcecmusnemMenma
Ex(D;+s5,)’s,
2
" 4aM, Gihi
k= T 3~ —HaKonyesnemenma
En(D;+s,)s;
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L

v/
by

Puc.3 LWIHHIpHYECKHH 3IIEMEHT C H3rHGaIOIUM MOMEHTOM.

Yron moBopoTa cedeHMsA B KOHIE 3J€MEHTa NoJ ASHCTBHEM
H3ru0aoIero MOMEHTa:

9/// _ 8M Gihi
i 3
En(D; +s,)s;
VYron mnoBopoTa cedeHHs B KOHIE D3M€MEHTa NOL AEHCTBHEM
P

pacnpedeNieHHOH M COCPEJOTOYEHHOH HAarpy3KH C Y4eTOM MepeMELICHHH
NpeIbIAYIIHX JIEMEHTOB:

_ / " "
o, —0,._,) +6, +6, +6,
Iepemeuienns B LMNIHHAPHYECKOH oOedaiike NMpH OXHOBPEMEHHOM

JEeHCTBHH paclpeAcIeHHON H COCPENOTOYEHHOH HArpy3kH, a TaKxke
H3rubaoLIero MOMEHTa C y4ETOM MepeMEILICHHH NPEARIAYIHX 3IEMEHTOB:

Vi = Yooy + 0 3' +y! +y! +y!" — eyenmpe maxcecmu snemenma

=y o +0_ -h+y. +y! +y" —naxonye snemenma
Yia TV Y0 Mt Y TV T Vi Y,

JnA yIIpOIIEHHOrO pacyeTa mnepeMenlieHud B KOHHYecKo#i obevaiike
JHaMeTp 3IKBHBAJICHTHOTO IWIHHAPA NPHHAMAETCA PaBHBIM

D=05(D,+D,),as=s,.
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MNMPHJIOKEHHME 10. I'eomeTpnueckue
XapaKTEepHCTHKH NONEPEYHOr0 CEYCHHs OTIOPHOIH
obeyaiiku, 0c120/1eHHOH OTBEPCTHAMH

Ha puc.] mpexncTaBieHO pacueTHOe CeYeHHE ONOpHOH obeyaiiku,
ocnableHHOE  HECKONBKHMH  OTBEPCTHAMH.  YKPEIUIEHHE  OTBEPCTHH
na1py6xa1vm H HaKJIAAHBIMH KOJIBIIaMH HE YYHTBIBACTCA.

vy

Puc.1 PacuerHoe ceyenre onopHo# obeyalik, ocnabieHHOe OTBEPCTHAMH

ITnomane pacuyeTHOrO CEYESHHUA:

A=D0(so—c)(7r—0,5i(p,.), 1)

i=]

. [di J
rae @; = 2arcsin F :
()

M - KOIMYECTBO OTBEPCTHIi B PACUETHOM CEIEHHH.
Koopzmuaru LIEHTPA LIEHTPA TSHKECTH CEYEHHA:

L jdi = (0 5D, +5, - c)Z[cos(B,. + %J - cos(&i - %D @

i=1

=L j dd ==L (0,5D, +5, - )i[sin[éi—q;‘) sm[ﬂ " ZD ®

-i=1
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PaccrosHe oOT LeHTpa TakecTH Hanbonee ocnaGieHHOro
MONIEPEYHOr0 CEYEHHS 10 OCH anmnapara:

b, = ‘/xf +y? Q)

MoMeHTbl HHEPLIHA PacYETHOTO CEUYEHHS OTHOCHTENIBHO oced X-X u
Y-Y (puc.3.2):

IX=Jy2dA=%ﬂ:Dgsol Z[ 0+~ (sm(za +@,)-sin(26, - ¢))D Q)

I, = j'xsz =%7d)5s0 1- Z[ @, —— sm(26 +¢,)—sin(26, —(o,.))D (6)

LleHTpoGeXHbI#i MOMEHT HHEPUMH  OTHOCHTEILHO  CHCTEMBI
KoopamHar X-Y:

I, = nydA=%ﬂD3so z[ (cos(26, - p,)+ cos(26, + o, ))D @

i=1

Jna  onpenencHHs MHHHMAIBHOTO MOMCHTa  CONPOTHBIICHMSA
pacyeTHOro cedeHus H3ruby W HeoOXOXUMO OMNpEACIIHTh PACHONOKCHHE
rNaBHBIX ocedl X -X'u Y’-Y’, npoxoasmux 4epe3 LEHTP TSHKECTH.

MoMeHTE MHepuHH OTHOCHTENsHO ocei X; —X; n Y, -,
NPOXOASAIINX Yepe3 LEHTP TDKECTH H MapaUicibHbIX ociM X-X u Y-Y
(puc.3.2):

Iyy=1y-yA ®
I,=1,-xA4 )

IleHTpoGexHBI# MOMEHT HHEpPIMH OTHOCHTENBHO  CHCTEMBI
koopamHat X;-Y;:

Iy =1y —xy.4 (10)

Yron noBopoTa riiaBHbIX oceli OTHOCHTeNnbHO X;—-X; u Y,-Y;:

1
a, =—arctg 2Lan an
2 In "1)(1

I'aBHBIE MOMEHTBI HHEPLHH CCYCHHA:

I;( =l(1x1+1y1)_l(1r1—1x1)\}1+_41§L12 (12)
2 2 (In_l)n)
1 1 [ 4]

IY =5(1x1 +IY|)+E(IY1—1X1) 1+ ( N Xl:l)z a13)

OTHOCHTENBHO  [IaBHBIX  OCEi OnpeacATCA MOMEHTBI

conporusienns W, u W,:
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.

. I,
x = : (14)
0,5D, +|x, sina + y, cosq]
. I,
y = - 15)
0,5D, +|x, cosa - y, sinq]|
HaumeHnnminii MOMeHT COIIPOTUBJICHHUA PACYCTHOI'O CCUYCHH!
W =min{W,; W, | (16)
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