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Hacrosiuuii HOpMaTUBHBIA JTOKYMEHT IpeacTaniiseT cobor u3MeHeHue Ned k CA
03-003-07. B cucreMaTu3dpOBaHHOM BHJI€ JOKYMEHT COIECPXHUT BCE€ HU3MECHEHUA WU
nononHeHus K CA, BeuryuiesHbsie padee B 2008, 2009 r.r., a rtaxxke caenannsie B 2011
rogy. bmaromaps mnocinegHMM U3MEHEHHSIM M JOMNOJHEHHUSM pacuiupeHa o0J1acTh
npuMeHeHuss CA, BKIIOYAIOWIAsA TEXHOJOTMYECKHE TPYyOONpPOBOABI C PAaCUYCTHBIM
nasienreM cBbie 10 Mlla, a takxe BHeceHBl HEOOXOJHMMBIE YTOYHCHHS B OILICHKY
JUTATENIBHOM LIMKINYECKON IPOYHOCTH BEICOKOTEMIIEPATYPHBIX TPYOOIIPOBOIOB.

B cocTaBiieHUM HACTOALIEI0 JOKYMEHTa npuHUMany ydyactue: B.A. Maranud, A.B.
MartseeB (OO0 «HTII «TpybOonporoa»), M.A. Hanromenckuii, O.b. Kupeer (AOOT
«HITO LUKTH um. M.H. I1onzynosay).

© Accoumnauus «PocTrexskcrnepTrsa P

© Hayuyno—rexuuueckoe npeanpusarue Tpybonposoa (OO0 «HTII Tpybonporoa»)



CA 03-003-07 (CTII 09-07-03)

IIynxkm 1.1.1 uznoorcums 6 creoyroujen pedaKyuu.

1.1.1. Hacrosammii cTaHiapT COINEPXUT OCHOBHBIE MOJIOKCHHMS IIO0 pacdyeram Ha
CTaTUYCCKYI0 U HUKIAYECKYIO IPOYHOCTH, a TAKXKE BUOpALMIO CTAJIBHBIX TEXHOJOMMUYECKHUX
TpyOOIIpOBOJOB ¢ paboueit TeMneparypoit oT Muryc 70 mo mmoc 700°C, Hapy>KHBIM J1aBJICHUEM
no 0.1 Mlla (Bakyymublii TpyOONpPOBOA) M OTHOUICHHMEM TOJIIHMHBI CTEHKH K HapyXHOMY
nuamerpy (s—c)/D<0.2.

Iobasumws nynkmot 3.2.5 - 3.2.10:
3.2.5. Ing Bcex BUAOB OTBOAOB IIpu P > 10 MIla

k=K -Y,;, i=1273, (3.9)

[I€ TOpPOBBIE KOOX(PMUIMEHTHl JIsl BHEIUIHECH, BHYTPECHHEH M HEWTpPaJBLHOH CTOPOH OTBOJA
OIIPEICIISIOTCS COOTBETCTBEHHO 110 (POPMYIIaM:

4—§-+1 4;; |
K = Rf" , K, = Ra , Ky =1. (3.10)
4—+2 §——2
Dﬂ Dﬂ'

3.2.6. Jlmg OTBOAOB M3 YIJIEPOAMCTOM, JIETUPOBAHHOM M AyCTEHUTHOM CTalieH,
0
TEMIIEpaTypa CTEHKU KOTOpbIX HE npeBpimact 350, 400, 450 "C COOTBETCTBECHHO, 3HA4YC€HUSA
KO3 OUIUEHTOB (GOPMBEI CIIEAYET ONPEACTATH 0 GOPMYJIaM:

/ \
¥ =012 1+, 1+042g | ¥, =Y; ¥, =012[1+ 14042 |, (3.11)

\ o \ o

\ )

I'’1€
a__f__fi__.._ v : --2a£+l- 312
D 2c]l+P 7 D, 2 (3.12)
d — OBAJIBHOCTD ITOIICPCHYHOI'O CCUCHHA OTBO/A B %:
D -D._
a=2 dmax amin 100'

e (3.13)

amax amin

3.2.7. Jnst OTBOJOB U3 YIJIEPOAUCTOH, JIEIMPOBAaHHOM M AaYCTEHUTHOW CTajieH,
kOTOpKIX BeIIe 400, 450, 525 °C cooTReTCTBEHHO

—— e —— — — —— — — —

K
4 P ( p
Y, =041+,1+0015—¢q |, Y,=Y; Y,=041+,/1+0.015—}. (3.14)

3.2.8. JIng oTBOAOB, pacyeTHAsd TEMIEpaTypa KOTOphIX Oo0Jice yKa3aHHO#N B 1. 3.2.6, HO
MEHEE yKa3zaHHO#l B I. 3.2.7, xoddounueHtsl Y, Y,, Y, JOJDKHBI ONpPEHEHAThCS JTUHCHHBIM

HHATCPITIOTMPOBAHNCM B 3daBUCHMMOCTH OT 3HAYUCHHA TCMIICPATYPHI. HpI/I OTOM B Ka4CCTBC OIIOPHBIX

BEIMYMH JIOJDKHBI IPUHUMATHCA 3HAUEHHA KO3(PPUIIMEHTOB, COOTBETCTBYIOUIME YKa3aHHBIM
TPaHUYHBIM TEMIIEpATypaM.

3.2.9. Ilpn BBINIOJIHEHUHM PAacy€TOB 110 PopMmyJiam II. 3.2.6 - 3.2.7, NOJXKHBI BBIIIOJIHATHCS
CJIEIYIOIIUE YCIIOBMAL.
—  €CJIM 3HaueHUusA KO3(OOUIUEHTOB Y, V,, Y, IONy4aroTCsd MEHEE CAUHUIIBI, TO UX CICAYET

[IPUHUMATh paBHBIMU CIMHULIE;
— €CJM BBIYMCJIEHHOE 3Ha4€HUE ¢ IPEBBIIIACT €UHUILY, TO CIEAYET NPUMHUMATh g =1
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- mnpu «a <0.03 3HayeHus KodhpPuuueHtoB @opMbl Y, Y,, Y, MU NOmpaBOYHOIO

KO3 OUUMEHTA ¢ CIEAYET NPUHUMATH PABHBEIMHU MX 3HaUCHUIO IIpH o = 0.03.
3.2.10. Ilpu P >10 Mlla HOMHMHAJIBHYIO TOJIUMHY CTCHKHA OTBOJA ClIEAyeT IPUHUMAThH

HaruOOJIbLIEH U3 3HAYEHUH, TTOJYUYEHHBIX IS TPEX CTOPOH OTBOJIa ¢ COOTBETCTBYIOIIMMH KaX 10
CTOPOHE CYMMAapHBIMH NpUOaBKaMHU c .

JI1d  CEeXTOpHBIX OTBOJOB, M3rOTaBJIMBAEMBIX M3 OECIIOBHBIX TPYO, HOMHHAJIBHYIO
TOJIUHY CTEHKHU CJIEAYET BLIOUPAThH 110 BHYTPEHHEH CTOPOHE OTBOJA.

Ilynkm 5.5.5 uznoorcumo 6 ciedyrouwjeu peoaxKyuu.
Y.3.5. Pazmax 3KBUBaJICHTHHIX HANPSOKECHUHN IIPHU pacyeTe Ha HUKIHYECCKYIO IIPOYHOCTD

Ac.=\o’—0C, +0. +3c° (5.14)

Ilynxkm 3.5.8 uznoocums 6 peoakyuu.
5.5.8 Harpsoxenus B TpOMHMKAX ¥ BpE3KaX ONPECNAOTCI COrjacHo M. m. 5.5.1-5.5.5 nn4
ceuenuit A-A, b-b u B-B (puc. 5.2,0). Ecu Bpe3kn U3 pazIuyHBIX MaTepHUajioB, TO NIPU PACcUeTe

ceueHUil A-A U b-b npuHMMaeTcs gomyckaeMoe HAIpSHKEHUME MAarucTpajid, a Npd pacyere
ceyeHusa B-B npuHumaercs qonyckaeMoe HalpshKeHUE MaTeprajla OTBETBIICHUA.

Dopmyny (5.22) 3ameHumo HA CReOYIOUWYIO:

2(s+0.5s, )| 52
$32(D—s) -

Dopmyny (5.24) samenums HA CeOVIOWYIO!
npu r 20.125d nu s, 21.5s

H=44 D2s ,
— 8
npu r <0.125d nwma s, <1.5s (5.24)
H =315,
D—s
Dopmynet (5.25), (5.26) u (5.27) 3amenumo nHa crnedyroujue.
S =(s—C)-S,/8,,+C (5.25)
Se :(S""C)*Q’)RD/@J) +C» (526)
@RD =min@d:€0y)a (527)

[Iynkmot 5.06.1, 5.6.2 uznoxcumo 6 ciedyrouieu peoaKkyuu.

5.6.1. Iluxnnyeckas IpOYHOCTH TPYOONPOBOJA HA dTAlE 3 CUHUTAETCI 00ECIEYEHHOM, €ClIN
BBITIOJIHACTCS YCIOBUE

Ao, < A4.|Ac, |, (5.32)

rae koddduimeHT npuseneHus k remneparype 20°C 4, =[o]/[o],,,
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5.6.2. JlonyckaeMblil pazmax HanpspxeHuii npu 20°C, Mlla:
- V11 TpyOOIIPOBOJOB M3 YIJIEPOAUCTOM U HU3KOJECTUPOBAHHOM (HE ayCTEHUTHOM) CTalU

[Ac,]=80(1+1200- N>>2)>» (5.33)

- U1 TpyOOINPOBOAOB U3 aYCTECHUTHON CTalIM

[Ac,] =110(1+1000- N >73)*%. (5.34)

Ecnu pacyeTHOE YMCIIO MOJHBIX IMKIOB N, MeHee N, TO IpU NPOBEPKE YCIOBUS
(5.32) B popmynax (5.33) u (5.34) cnenyer BMecto N, noacraBiaars N, .

N in - MUHHMAJIBHOE PaCYCTHOE YUCIIO ITOJIHBIX IMKIIOB, BEIYUCISIETCA 10 GopMyiaMm:
- U1 TpyOONpPOBOIOB U3 YINIEPOIUCTOM M HU3KOJIETUPOBAHHOM (HE ayCTEHUTHOM) CTaJIH

( \1.875
1200

Nwin =| 7 — (5.34.1)
(1.5([c]+[0],0) _1J :
L 4,-80
- U1 TpyOONIpOBOAOB U3 aYCTEHUTHOM CTalH
/ \1.375
1000 |
N min =i o e (5.34.2)
[1.5<[a]+[a]20)J )
\ A_-110 )

Ilynkm 5.7.1 uznoscums 6 cnedyroue peoaxyuu.
5.7.1. JInutenbHasd IUKIAYECKAss MPOUYHOCTh BBEICOKOTEMIIEpATYPHOrO TpyOONpoBOJa Ha

sTane 4 cyutaercs oOecredeHHO#, eciv BeINOJHIETCA yciaoBue Ao, <0.6|c], roe 0, -
MaKCHMaJIbHOE 3KBUBAJICHTHOE HAIIPSXKCHUE Ha 2 dTalle pacuera.

[Iynkm 5.7.2 u3znoxcumo 6 cneoyrujeu pesakyuu.
5.7.2 JInuTenbHas LMUKIAYECKAS MPOYHOCTHh BBICOKOTEMIIEPATYPHOTO TPyOONpOBOAa IpH
o, > 0.6[c] cunraercd 00eCIEUEHHOM, €CIIM BBIMOJIHACTCS CIEAYIOLIEE YCIOBUE CYMMHUPOBAHUA

MOBPEXAECHUN OT YCTAJIOCTH M NOJI3yYeCTH IIPH YCTAHOBUBIIEMCS TEMIIEPATYPHOM PEXMME:
— —1.875
1.6 '

( o
Aaae —1 _ -
I \ TJau{ﬁ 4 Je } SDE (537)
(.1 | 1.2[0]
%0 / 1
B sToii popmyie
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1-1.33 G’t—-} npu os[ O | <023
D ) 12001 12o1]
0.43+0.57] ——¢ ] npu 0.3 <| —=e } <1.0
| ' 1.2|0] 1.2[o]
O, — MAKCHMAJIBHOC 5KBHUBAJICHTHOC HAIIPAKCHHUC Ha 2 JTare pacHCTa,
m — IIOKa3aTeJb CTENEHW B YpaBHEHHH UIMTEIBbHOH mpoyHocTd. [Ipu oTcyTcTBHMU

CIIPABOYHBIX JIAHHBIX IPUHUMAETCS PABHBIM m=8.
IIpumeuanue 1:1lpm o,/ A0, <1 1nepBoe cnaraemMoe B YypaBHeHUH (5.37) He

YUUTHIBACTCS
IIpumeuarnue 2: JlonycKaercsa NMPOBOOUTH OLIEHKY IUIMTEIBHOM IMUKIMUYECKOM NPOYHOCTH

110 hopMmyiie:

4 3\

Pae | 4" <] (5.38)

\AT[O'H] y 1.2|o]

[Ipu o, /(1.2[c]) £0.5 BTOpOE CllaraeMoe B ypaBHEHUH (5.38) HE YUUTHIBAETCH.

Jlobasumo nynkm 5.7.4:

5.7.4. Ilpn uncae upknos V. mensie 1000 cienyer npunumats ero paBHEIM 1000.

[Iynkm 5.8 uznooscumo 6 cneodyroweu pedakyuu.
5.8 Pacuer MecTHOM YCTOMYHBOCTH CTEHOK BAKYYMHOIO TpyOOnIpoBoaa

5.8.1. Kpurepuili MeCTHOM YCTOMYMBOCTH CTEHOK TpyO0 M (PACOHHBIX [IE€Talell IO
COBMECTHBIM JCMCTBMEM HApPY>KHOr'O JaBJIEHHUA, OCEBOI'0 COKMMAIOLIETO YCUIIMA, U3rM0arolmx M
KPYTAIIIMX MOMEHTOB U MONEPECYHBIX YCUJIMHA BBITVIAAUT CIEAYIOMMUM 00pa3oMm:

K <1, (5.39)

rne K — 30beKTUBHBIN KO3(PPUIMEHT YCTOWUMBOCTH, AOKEH OBITh MEHBIIC WIM paBEH
€IMHMLBI, BEIYMCIIAETCS IO GOpMYIE

2
K=K, 1+(K”) , (5.40)
VK
rne K, - KO3OQUIMEHT YCTOMYMBOCTH B IMPEANOIOXKEHUN JIMHEMHO-YIIPYroM padOTEHI
marepuaiia, K, - Ko3QPUUHEHT IPOYHOCTH.
\2
M; +M; P+ 0
Ky :__{)____*_ N +\/ 0 i + Mr n \/QO Qf , (5'41)
P) N M M) (@
O
Ky=—, 5.42
T 1.5[0] (542)
9i (5
[P] - JOOyCKaeMoO€ Hapy>XHO€ JaBJeHUE M3 YCIOBUA YCTOMYUBOCTH B Ipeaesax
YIPYTOCTH,

[N] - DOIIyCKAaeMO€ OCEBOEC YCUIMS U3 YCIOBUSA YCTOMYUBOCTHU B IpezeilaX YIIPyrocTH,
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[M] - IONYyCTHMBIM H3ru0aroliil MOMEHT M3 YCJIOBHUS YCTOMYMBOCTH B IIpejenax
YIIPYT'OCTH,

[M,] - ZOONYCTUMBIA KPYTAINMH MOMEHT M3 YCIOBUSA YCTOWYMBOCTA B IIpeaeax
VIIPYT'OCTH,

[O] - ionycTUMas molepeyHas cujia U3 yCJIOBUS YCTOMYHUBOCTH B NpEJEaxX YIIpyrocTy,

O, - DKBUBAJCHTHOC HAMNpPSKECHUE B CEYCHUM TPYOBI, BBIYUCIEHHOE COIJIacHO II. J.5.4
HACTOALIETO CTaHapTa Ipu ¢, =1 1 ¢, =1.

5.8.2. Ilpu Haauyuyd KOJ€l >KECTKOCTH (pucC. 5.3a) 3KBUBAJICHTHHIE HANPSAKECHUA
PaCCYMTHIBAIOTCS 10 POPMYIJIE

o = max(o,,0,), (5.43)

rae
o, - JS(M@EKTUBHOEC KOJBLECBOC HANPSHKEHUE B YyYacTKe TpyObl MEXAY KOJbLAMU
YKECTKOCTH,

o, - dQMEKTUBHOE KOJbUECBOE HAMPSKECHUE B TPYOE C YUETOM YKPEIUICHUS KOJIbHAMHU
YKECTKOCTH.

- P(D-s) Ds+b*

, 5.44
o) 2s  2Ds+b? ( )
Ak
P(D_S)_z""z"[o-]k@k (545)
02 " 28 ’

I'JIC
b - PACCTOAHUC MCXKAY KOJIbLIAMH XXCCTKOCTH B CBCTY,
/ - PACCTOAHHUC MCXKIAY KOJbLHAMH KCCTKOCTHU B OCIX,

Ak - IDTIOHIA b IHIOIICPCYHOI'O CCUCHHA KOJIbIld KCCTKOCTH,

(0], - monyckaeMoe HanpsHKEHUE IS KOJbIA )KECTKOCTH MPU pacue€THON TEMIIEpATYPE,
@, - KOOGOULHUEHT IIPOYHOCTHA CBAPHBIX IIBOB KOJIbIIA XXECTKOCTH.

5.8.3. 3nauenus [P], [N], [M], [M,], [OQ] mi1d y4acTKOB TpyO 0€3 yKpeIuieHHUSA KOJIbLaMM

T »
, f
[M] = 8'9fD"3 C(S — 2 j i , (5.47)

y f-
- 1.12:151)? ’(SD_c)J“ (5.48)

y \. i

01— 0.432f(s -o). 549
y
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\ 3
[P]:2.2E((s--c) | (4.50)
n, D, ) '
2 >
a a a y
WllllllllllllllﬂVIIIIIIIIIIA’"IIIIIIIIIIIIIIIIIIIA
[
b
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(LLLLL L L L L L L L LS

\ E N \
NS - - N
) EHTP TAXKECTU NN
KONnbLa XEeCTKOCTHU & " Iy 4,
.
N !

M

Puc. 5.3. Tpy0a, nojakperuiesHas KojablaMM XKECTKOCTH

5.8.4. 3nauenus [P], [N], [M], [M,], [Q] Aia y4acTKOB TPyO € YKPEIUIEHUEM KOJIbLIAMU
K€CTKOCTH BBIYUCIIAIOTCSA IO (pOpMynam:

2.5

31ED* ((s—¢)
V=222 B9 (5.51)
n, \ i
8.9ED? -
[M]=—— ((S_c)) , (5.52)
n, D.
2.06E(s—¢c)°D. |D.(s-¢)
M,]= 4, .
[ !] ny \ £2 (5 53)
24E(s—c)( D.(s—c)"
0]= 222870 g 184332629 (5.54)
n, \ AN
[P]=min([P},,[P],). (5.55)
rae [P], - #omyckaeMoe [aBJI€HUE U3 YCIOBUS YCTOMYHMBOCTHM TPYOBI MEXKIY KOJIbUAMHU

XECTKOCTH, [P], - IOmyCKacMoe€ HAaBJIEHWE U3 YCJIOBUS YCTOMYUBOCTU BCEU TpPyObl BMECTE C
KOJIBIIAMHU KECTKOCTH.
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5.8.5. JlomyckaeMoe MaBlIEHME U3 YCIOBUS YCTOMYMBOCTH TPYOBI MEXIY KOJIBLIAMU
KECTKOCTH

) N\N25
Pl - 2.08ED, ( (s—c)" (5.56)
" n,-B-b\ D, |’ |
D | D
B, = min{1.0;0.945=L |— . |
| mm{ ; \(s—c)} (5.57)

5.8.6. JlonyckaemMoe JaBJICHHUE U3 YCIOBUS YCTOHUMBOCTH BCEH TPYOBl BMECTE C KOJIBLIAMHU

KCCTKOCTH
2.5

/ Coa )
2.08ED, ( k(s-c) | (5.58)

k-n,-B,-¢\ D,

r A

B, = min{1.0,0.945 2 |2 | (5.59)

£ Vk(s—c)

[P], =

.,

rac k - KOOQ@UIMEHT XXECTKOCTH TPYObl, NOAKPEILUICHHON KOJIbUaMHU KECTKOCTH.

10.97
k= e (5.60)

rae I - 3@ ¢GeKTUBHBIN MOMEHT UHEPLIMH MONEPEYHOTO CEUCHUA KOJIblIa XXECTKOCTH (pUc. 5.30)

3 —
1 — Ik + E(S C) +62 Akfe(s C) !
10.9 A, +1,(s~-c)

(5.61)

roe [ , - MOMCHT HWHCPHLHHU IIOIICPCHHOI'O CCHCHHA KOJIbld KCCTKOCTH OTHOCHTCIIbHO OCH,

[IPOXOASIIEH Yepe3 LEHTP THKECTH, 4, - IUIOLIAb TONEPEYHOTrO0 CEYEHUS KOJIblla KECTKOCTH, €

- PACCTOSAHUE MEXIY HEHTPOM TSXKECTH MOINEPEYHOI0 CEUEHMUA KOJIBIA XKECTKOCTH U CEPEAUHHON
[IOBEPXHOCTBIO CEUE€HUA TPYOBl, ¢, - dPOEKTUBHAA IJIMHA CTEHKU TPYObl, yUUThIBaeMas Ipu

OIIpEACICHUM Y(POEKTUBHOIO MOMEHTA UHEPLIMH.

¢, =min(e,r +1.1D, (s - c) ), (5.62)

I'’AC [ - IIIMPpHHa IIOIICPCYHOTO CCUC

I[obasums pazoen 7:

7. lNoBepoyYyHbLIU pacyeT TpydonpoBOoA4a Ha MNPOYHOCTbL C
nasrneHnem oonee 10 Mlla

7.1 Obwue nonoxxeHus

7.1.1. IlpoBepouHbili pacueT TpyOompoBogoB ¢ pasieHuemM oT 10 Mlla B uenom
[IPOM3BOJIMTCS COIVIACHO pa3fey S5, NpH 3TOM HEKOTOphle (OpMyJbl M YCIOBUSA CIEAYET

3aMEHUTH Ha GOPMYJIBl M YCIIOBUS JAHHOTO pasjaena. GopMylibl U YCIOBHUS, OTCYTCTBYIOLIUE B
JTAHHOM pa3zJelie, NPUHUMAKOTCA COIJIaCHO pasjeiny J.

7.1.2. ®opMynbl JAHHOTO pa3jieia IPUrogHbl IIPU COOTIOAECHUH YCIIOBUS
S—C

D

< 0.25; (7.1.1)
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7.1.3. Meronuka pacuera, IIpuBeJCHHAs B JaHHOM pa3jeiie, aHanorndHa meroauke PJ1 10-
249-98 u anpoOupoBaHa Ha NIPaKTUKE IpUA AaBiicHUsAX 10 38 Ml Ia.

/.2 PacyemHbie HanpsH)KeHUs1 8 omeoodax

7.2.1. Hanpsoxeausd B OTBOIax ONPEAEIAOTCA A TpeX ceueHuil A-A, b-b, B-B (pucyHok

5.2, 6)
— [IpPA paCuUCTC II0O JTally | HAlIpAKCHUA B OTBOJAaX OIPCACTAKOTCI B COOTBCTCTBHH C

nyHKTaMu 5.5.1 — 5.5.5 npu 31oM KOIQPUIUEHTH UHTEHCU(PUKALMU TIPUHUMAIOTCH i, =i, =1.

Ecmun koadduumeHT rubkoct orBoga A <1.4, TO AOMOJHUTEIBHO I KaXXIOro HU3 CEUYCHUI
BBIYMCIIAECTCS 3PPEKTUBHOE HANIPSKEHUE IO PopMyie:

o 0.93k ,\| M2 + M’ |

e / ') )

07350 1 — 0.0725[ O J - 0.2512( O sy J (7.2.1)
\ o] o]

—  IIpM pacyeTe IO J3Tally 2 HAIpsSXKEHUS B OTBOJAX ONPEACISIIOTCA KaK HauOoJbllee
3HaYECHUE N0 GopMyJiaM:

" o.6x: a1, +125 -0 ), +(0.6k M, ), +0.5W0,, [ +(k M, )

O, = W\
\/[(0 6k M, +12x-M,)B, +(0.6k M, ), +0.5Wc, [ +(k M,
1 (7.2.2)
o, =——\-—V—-—N[(O 6k M, +127- MY, +Wo,, [ +(k M, ¥
= J (0.6k M, Yy, +Wo,, [ +(k,M, ]
M, 1, 1 .o *
Ilpuy M. >0 u M:: > z;\kp + —]}—-{;—/ IpUHUMAETCH k, :Z——, B OCTaJIBHBIX Clly4asx k, =k, ;

—  IIpM pacyeTe IO 3Tamy 3 HaNpsDKEHUs B OTBOJAX OMNPECIAIOTCS KaK HauOOJbliee
3HAYEHUE 10 (bopMyﬂaM'

- L Mo6k:ar,—078 -0, )y, +(0.6k M, ), | +(k, 04,

T‘[T

o, = — lo0.6k:82,—0.75 -0, )8, +(0.6k M, Yy, | +(k, M, Y

=0
vlv r (7.2.3)
(0.6k:01,-075 MY, [ +(k, M, )

O- T
Tk
1
= -w—\/[(OﬁkpMO b F+(k M, f
M, 1(, 1 1
[Ipu M, <0 u —= > k, + — | npuHuMaeTcs k, = —, B OCTJIBHBIX CIy4asx k, =k, .
M, 146\ "k, k,

!

31€eCh BEIMUUHA M Olpele/aeTcs Ipyu pabodeM aBIICHUH;
-  TIpM pacueTe IO dTany 4 HanpsHKEHUs B OTBOJAX ONPEAC/IAIOTCA Kak HauOonbiiee

3HAUECHHUE 110 (DOPMYJIAM:
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Ac,, = 1 (o, + 20 Yy, +(k M, )8, + Wo,, [ +(2k M, F

1 \
AG,, =1 (e, +20,)8, +(k M, Yy, +Wo,, [ +(2k,M, Y
1 ____ (7.2.4)
\/ (M, + 20y, + 2o, [ +(2k M, Y
= L M a, )y, +2wo, F + @k M,
( )
M, 1 1 .1 ,..
Ilpu M, >0 u —>>—| k, + — | IpUHUMAETCA kK, =— , B OCTAJIbHBIX ClIy4asx k, =k, .
M, 4{ k, k, g
B npuBeeHHbIX BhIIE (DOpMYIax:
o, - BRIYMCIHAETCSA IO hopMmyte (5.7);
A - BRIUMcagercd no gopmyilie (5.20);
v, B - KO3MOUUMEHTH MHTCHCU(MUKALIMY HAIPSIKECHHUIA;
M - onipenensercs 1o Gopmyiie
2RD -a
M, =-PW .
’ 100(D — 5)s (7.2.5)

a - Ha4yajibHasg OBAJILHOCTH IIONEPEUYHOI0 CEYEHUS OTBOJA.
MomeHnT M, cuuTaeTCs MNONOXKHMTEIBHBIM, €CJIM HaIpaBji€eH B CTOPOHY YBEIUYCHUS

KPUBU3HBI OCH TPYOHI.
7.2.2. KoapduumeHTsl HHTCHCUM(pUKALUM HaNpsKEHUH vy, [ ONPEACIsoTcs 1o

dhopMyJiaM:

10
Ym =0.754 ) A,(1—i%); (7.2.6)
i=2,4..
10 A
B, =1+- 12 115 > 2
b i=24.. 1
I'71€ BEJIUYHUHA b BBIYUCIISAECTCA MO CICIYIOLIINM (GOpMYJIaM:
h
a, =1.010+16334* +99w;
0.2316
a, =1.016+6611° + 63w — ;
al
0.2197
a, =1.028+2011° + 35w -
d
02
a, =1.062+37.54° +150w~— ;
a;
0.0977
b=1.125+1.52 +3w - ’ ;
a,
2
@ = 3.64 R
sED
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KoappuiueHTsl 4, BRIYUCIAIOTCA 10 POPMYJiaM:

b
0.3125
A42 - Ay,
a,
0.4375
A, = Aps ¢ (7.2.8)
dy
0.4687
Ay, = Ay
d,
0.4812
Amz — Asz;
d,

7.2.3. B TOM ciy4dae, KOorjga OTCYTCTBYXOT AaHHbIE O (DAKTUYECKON BEIMUYMHC HayalbHOM
IUIANTAYHOCTH CEYEHHUM KPHUBOJMHEUHBIX TpyO, pacueT Hamnps>keHud B HuX mo m. 7.2.1
NPOU3BOANTCA HpH a =0, TaK U IpU BO3MOXHOM HAUOOJBUIEM 3HAYCHUU a, IPUHUMAEMOM IO
TEXHUYECKUM YCJIIOBUAM Ha M3TOTOBJIEHUE UJIM I10 COTJIACOBAHUIO C 3aBOIOM-U3TOTOBUTEIIEM.

Ecnn BeauyvHa Ha4vaJbHOW DJIUIMOTHYHOCTH a <3%, TO B pacyere HanpsoKeHUH
UIANITUYHOCTh HE YUYUTHIBAECTCA (IIpuHUMAETcs a = 0 ).

JIng  HU3KOTEMIIEpATYPHBIX TpYyOONPOBOAOB 3HAYECHUE HAYAJIBHOM JJIJIMIITUYHOCTH
CEUECHUs a CIEIYET IIPpUHUMATh C yBEeJIMYEHUEM B 1.8 pasa.

7.2.4. HanpsokeHust U1 CEKTOPHBIX OTBOZIOB C YMCIIOM CEKTOPOB 00Jie€ ABYX MOXKHO
ONpENENATh MO IIPUBEACHHBIM BBIIIEC (POPMYJIaM )11 KPUBOJIMHEHHEIX TPYO.

Jl1s  KaXXmoro cedyeHus B KayeCTBE PACUETHOIO O3KBUBAJICHTHOIO  HANPSKCHUSA
IIPUHUMAETCS HAaUOOJIbIIIEE U3 3HAUCHUH, BEHIUMCIIEHHBIX 110 popMyaaMm (7.2.1) u (5.13).

JIng Kaxaoro ceyeHus MTOJDKHBI BBITOJHATHCI YCIOBHSA CTAaTUYECKOW M LUKIUYECKOH
IIPOYHOCTH cornacHo n. 5.4.1 n 5.6.1.

/.3 PacyemHble Hanpsi)XxeHuUs1 8 mpoUHUKax U epe3Kax

7.3.1. HanpsbxkeHnuss B TPOMHUKAX ONPEACIAKOTCA COINIACHO NYHKTaM J.5.1 — 5.5.5 nns
ceueHuit A-A, b-b u B-B (pucyHok 5.2), npu 31OoM KOIQODUUMEHTHI HHTCHCUDHUKALMU

[PpUHUMAKOTCA i, =i, =1. JIJI KaXXI0ro U3 CeYeHUM BBIUUCIAETCS M (MEKTUBHOE HANPSHKECHUE T10
bopmylie:
—  [pM pacdeTe 1o drany 1:
o, =0.50,, + max(2,1.0)k, \/Mf +£V/[§ +M, , (7.3.1)
- IIpH pacyere 110 dTaraMm 2.
o, =0, +max(0.6y,,1.0)k, \/M‘? T I{\Vﬁ + M, (7.3.2)
—  IIpH pacyeTe o 3rany 3:
o, = max(0.6y,,,1.0)k, \/Mf " iV/Ij + M, (7.3.3)
—  IIpH pacyeTe no 3tany 4:
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JM2+ M2+ M?

(7.3.4)
W

Ao,, =20, +max(y,,,3.0)k,

I'IC

G,, - BBIUHCIIETCA 1O dhopmyite (5.7);

k, - KO3()PUIMEHT NIEperpy3Ku, IPUHUMAEMBIN COracHo I1. 7.3.2;

v, Q - KoO3(pGUIHEHTH MHTCHCU(PUKALMY HaIPsSHKEHUH coracHo . 7.3.3.
7.3.2. Koo duuueHTs! Meperpy3ku k, pUHUMAIOTC:

- JUld HHM3KO- M CpeIHETEMIEPATypHBIX TpyOOmpoBOaOB k, =1, HO NpPH ITOM

YUYUTHIBAIOTCA KO3 PUIMEHTH HANEKHOCTH 110 HArPy3KeE ¥, ;

— i1 BBICOKOTEMIIEPATYPHBIX TPYOONPOBOAOB: HE YUYUTHIBAIOTCS KOAPDHUIMCHTEHI
HaJIeXKHOCTH 110 Harpyske y, corjlacHo 1. 5.1.1. Ilpu BeImonHeHMH pacuera TpydompoBoga 06e€3

CYIIIECTBCHHBIX YIIPOILICHUMN (YUTEHBI BCE OTBETBJIEHUS, ONOPHl U T.[A.) U IIPU €r0 MOHTAXE IO
JICACTBYIOIUM HHCTPYKIUAM KO3((GUIMEHT MEPErpy3kd IMPUHUMAETCA PaBHBIM k, =1.4; eciu

JNOTIOJIHUTEJIFPHO K YKa3aHHBIM YCJIOBUSAM IIPOU3BOIAUTCA CIEIUalbHast KOPPEKTUPOBKA 3aTSKKU
NPYXHUH IPOMEXYTOYHBIX ONOp IS YyuyeTa OTKJIOHECHMHA (PAKTUYECKUX 3HAUYCHUH BECOBOI
HArpy3KH, XXECTKOCTHU MNPY)KHUH OIOp M TEMIIEPATYPHBIX MEPEMEIUCHUNM OT NPUHATHIX B pacyueTe
3HaYCHMH, a TAKXKE BHINIOJHACTCS Halnaaka TpyOonpoBoaa, MOXKeT OBITh MPHHATO k, =1.2.

7.3.3. KoaddueHTsl HHTCHCU(DUKAIMY HANPSXKECHUNA ONpEeAcsiioTCS B 3aBUCHUMOCTH OT
PacyY€THOIO CEYECHMS U TUIIA TPOMHHUKOBOI'O COCAMHEHUA 10 (POpMYJIaMm:
- IId CBAapHBIX TPOMHHUKOB C YKPEIUIAIOUIMMU HakKJaJKaMu ¥ 0€3 YKpEIUISIOIIMX
HaKJ1al0K B ceyeHUU B-B

0.67 /

(o) ra_<Y ¥
=085 [min2=%1] 05 [S—b)
\ 2S y, \ \D—'S) y A

/D_S\O.fﬁ’ /d—sb \0.5 /Sb \?

Y =4 —
. 25 ) \D-s5/) s
i (A _ o )
13.0 npu 4S5, <0.9 (7.3.5)
D -5
d—3s Cd —s, )
A=113.8-12 > npu 0.9 < ‘"J<1.0
D—s D —s
(A _ o )
1.8 npu d =Sy =1.0
\D-s5

— IJISS CBapHBIX TPOMHHUKOB C VKPEIUIAIOIMMHU HaKIagkaMud U 0€3 YKPEIUIAIOILUX
HaKJIaJA0OK B ceueHusax A-A u b-b

(a7
Q=009 dz .
. “% )
s (7.3.6)
Y, =1.6 ?

\ 2 y, \ D—s y.
— 718 INTaMIIOBAHHBIX Y IHTAMIIOCBAPHEBIX TPOMHUKOB € r > 0.05(d_ —s.) B ceyeHuu B-B
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(D—s\"( s Y7
Q=08 2" min(d s ;0.5) S
D-s \ S

. 25 )\

( \\0_67
D—s /d—ss)ﬂ'sfi]r

\ _
o5 14+ -2 J \D=s) \s
AN (7.3.7)
" — ¢ )
2.0 npu (d % <09
D-s
_ — ¢ )
A=138-2975 o, o.9<(d % | <1
D-s D—s
— ¢ )
1.8 npu [d % | =1.0
D—s )
—  IUI IITaMIIOBAHHBIX YU IITAMIIOCBAPHBLIX TPOMHHUKOB C » = 0.05(d, — s,) B ceueHusIX A-A
U b-b
( B \0.3
Q=09 45
. 28, )
0.67
( ) (7.3.8)
D-s d—s )
Y =1.6] — > >
[25 1+ ) —5
. D-s5))
30€Ch NPUHUMAETCH
04 npus,/s<1l
S NI (7.3.9)
1.0npus,/s21

JlIA CBapHBIX TPOMHUKOB C HAKJIAJAKOW BMECTO TOJILIMHBI CTEHKM KOpIyca s CIENyeT
MCIIOb30BaTh 3PHEKTUBHYIO TOJIIAHY -

s, =5 +0.5s, . (7.3.10)

7.4 Pac4yem Ha YUKITUYECKYHI NPOYHOCMb

7.4.1. Jlonnyckaemblil pa3MaxX 3KBUBAJICHTHBIX HAMPSKEHUN BHIUMCIIAETCA 1O (POpMYJIE
[Ac,]=min( [Ac]; [Acy]). (7.4.1)
7.4.2. JlonmyCKaeMbId pa3dMax OSKBUBAJICHTHBIX HAIPSXKEHUW U3 YCIOBUA IHKIUYECKOU
[IPOYHOCTU |Ao, | M JHONycKaemblii pasMax OKBUBAICHTHBIX HAaNps)KEHWH U3 yCIOBHUS

[IPUCIIOCO0IAEMOCTH [Ac], onpeaensercsa coracHo taduune 7.4.1;
7.4.3. PacueTHo€e YKMCII0 MOIHBIX IUKIOB pu N, <10° BRIUHCIsETCS IO GOpMYIIE:

N =N_ + i (Rf'Nc,f)’ (7.4.2)
i=2

rae
R. - KOO(PPUIIMEHT, paBHBIN:
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il

- uiA TpyOOIIpOBOIOB U3 YIJIEPOAUCTON WIH JIETUPOBAHHOMN (HE ayCTCHUTHOMR) CTaNy IS
TpyO, OTBOZIOB NIpH pacyere ux mo 1.im. 5.5.1 — 5.5.5

R, =10%; Q=43.910{Ac % - Ac; 4% | (7.4.3)

el e,i

- U1 TpyOONPOBOJOB M3 YIJICPOAUCTON MM JIETUPOBAHHOM (HE ayCTCHUTHOM) CTaly )1
OTBOJI0B, IIEPEXOAOB, TPOUHUKOB U BPE30K

R, =10%; Q=48.746|Ac % ~ Ao 93956 | (7.4.4)

e,l

—~ 11 TpyOONpOBOAOB U3 aYCTEHUTHOM CTalu Ak TpyO, OTBOJOB IPH pacyeTe MX IO ILIIL.
5.5.1-5.5.5

R, =10%; Q=58.778(Ac; 417 ~Ac 2417 ) (7.4.5)

el e,l

— g TpyOOoIpOBOJOB U3 ayCTEHUTHOM CTalM JJI OTBOJIOB, NEPEXOIOB, TPOMHHUKOB U
BPE30K

R, =10%; Q=79.261{Ac, 4~ A 245 ) (7.4.6)
Tabnuna 7.4.1
MaTtepuan l
TpyOonpoBoaa U BU Ao, | [Ao]
NeTaIA

TPYOONPOBOARI U3 YITIEPOAUCTOMN WM JIETUPOBAHHON (HE ayCTEHUTHOM) CTa/IN
|

TPYOBI M OTBOIBL, | 7855 476089 +1029.30 —
IIpU pacyeTe UX II0 | | 500.34 Mlla

o 5.5.1-5.5.5 | —76.4856°

OTBOIBL, Iepexonpl, | 9677.6—5375.160 +1067.99° -
TPOUHHUKHU U BPE3KH | _ 73 52043

807.90 Mlla

TpyOOIPOBOIBI M3 ayCTEHUTHOM CTaJIU

TPYOBI M OTBOZBL, | ¢410 8 4698.70 + 988.686% —
IPH pacyeTe ux 110 | | | 606.40 MIla

LI 5.5.1-5.5.5 | —71.8366°

2

2 i |

(o o TYTYYTYF¥FyY  "TTYT TY TH:¥+% "2 ~TrrTr - a — ..-..3
IPpOMHYiR r DP\.«SI\FI ‘ —44.216
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