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

Hacrosmuii HopMaTHBHBIH JOKYMEHT IpenctaBiseT coboit mamenenume Ne4 k CA
03-003-07. B cucTeMaTM3sMpOBaHHOM BHJE IOKYMEHT COIEPXKHT BCe H3MEHEHHS H
nmononsenust Kk CA, BrimymeHHsle padee B 2008, 2009 r.r., a Taxxke caenanusie B 2011
rogy. bmaromaps nocnenHuM H3MEHEHHSM M JIOIOJNHEHHWSAM paciupeHa oOnacth
npuMenenns CA, BKIIOYAION[as TEXHONOTHYECKHEe TpPYOONIPOBOABI C PpacYeTHBIM
nmaBnendem cBbime 10 MIla, a Takxe BHeCeHBHI HEOOXOAMMEIE YTOUHEHHSA B OIEHKY
JUIHTENBHOH IMKINYeCKO TPOYHOCTH BEICOKOTEMITEPaTyPHBIX TPyGOIpOBOAOB.

B cocTaBjieHHM HaCTOAWIETO JOKYMEHTa NpHMHUMaNK ydacte: B.SI. Maranud, A.B.
Marsees (OO0 «HTII «Tpy6Gomposoa»), Y.A. Jamomesckuii, O.b. Kupee (AOOT
«HITO UKTHY um. .W. ITonzynosay).
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Iynkm 1.1.1 uznoocume 6 cnedyioueti peoaxyuu:

1.1.1. Hacrodmuii cTaHAapT COAEP)KUT OCHOBHBIE TIONOXKCHHSA IO pacyeTaM Ha
CTAaTMYECKYI0 M LHUKIHYECKYI0 MPOYHOCTh, a TaKXkKe BHUOPAIMIO CTATBHBIX TEXHOJIOTHYECKHX
Tpy60ompoBOIOB ¢ paboueil Temiepatypoil o Munyc 70 no nmoc 700°C, HapyXHBIM JaBJIeHHUEM
go 0.1 MIla (BaxyymHslii TpyOOIpOBOX) M OTHONICHMEM TONMIMHEI CTEHKM K HapYyKHOMY
maametpy (s—c)/D<02.

Hobasumo nynxkmuw 3.2.5 - 3.2.10:
3.2.5. JIns Bcex BUAOB OTBOJAOB Npu P > 10 Mlla
k=K, -Y; i=123, 3.9
rae TopoBble KOdGOUIMEHTH 119 BHEIHEHl, BHYTpeHHeH M HEHTpalbHON CTOPOH OTBOAA
OIIPE/IENAIOTCA COOTBETCTBEHHO IO hopMynam:
R R

4B—+1 43—1
K1=—Ea—; K2=—Rf—; K3 =1. (310)
424 422
Da Da

3.2.6. Ina OTBOOOB WU3 YIVIEPOAUCTOH, JIETUPOBAHHOM H ayCTEHUTHOH cranei,
TeMrepaTypa CT€HKH KOTOPHIX He npesbimaeT 350, 400, 450 C coorBercTBeHHO, 3HaYEHHA
k03¢ hHIEHTOR GOPMBI CIIEYET ONPERENATE IO GopMynam:

Y, =0.12(1+,{1+0.43q]; Y,=%; Y, =0.12[1+1/1+0.45J, (3.11)
a (24

rac
PR -
D, 2oj+p 17D 77 (.12)
a — OBaJIbHOCTH rIOrIepe'-IHoro CCUCHUA OTBOJA B %:
D, -D._
a=2 amax amin 100>
o enit (.13)

amax amin

3.2.7. Hdna OTBOZOB U3 YITICPOAMCTOH, JIETHUPOBAHHOM 1 ayCTCHUTHOH CTajei,
TeMriepaTypa CTeHKM KOTOpHIX BHie 400, 450, 525 OC cooTBeTCTBEHHO 11O dopmynam:

Y, = 0.4[1+,}1+0.0153q]; Y,=Y; ¥, = 0.4[1+,f1+o.0153). (3.14)
[#4 o

3.2.8. Jins OTBOJOB, pacueTHas TeMIlepaTypa KOTOPHIX Gonee ykazaHHOHM B 1. 3.2.6, HO
MeHee yKazaHHON B I. 3.2.7, xoadpdunueHtsl ¥, Y,, Y; JOKHBI OUPEACNIATHCA JIMHEHHBIM
HHTEPIOIMPOBaHUEM B 3aBUCHMOCTH OT 3HAaUCHHUA TeMIepaTyphl. [Ipu 3ToM B KayecTBe OHOPHBIX
BEMYMH JO/UKHEI TPUHMMATBCS 3HAYCHHS KOI(GQUIMEHTOB, COOTBETCTBYIOUIME YKA3aHHBIM
TpaHUYHBIM TEMIIEpaTypaM.

3.2.9. Ilpu BEHIIOMHEHUH pacyeToB 1o ¢opMynaMm 1. 3.2.6 - 3.2.7, NOMKHBI BHIIOJIHATHCS
CIIEAYIOIIUE YCIOBUA:

- ecau 3HayeHUd Kod3poUUUEeHToB Y[, Y,, ¥, IOIydaroTcs MeHee €IUHULIBL, TO MX ClIeAyeT
IIPUHUMATH PaBHBIMU €IUHUIIC;
— €CJM BBIYHCICHHOE 3HAUEHUE ¢ TPEBBILIAET €AUHMILY, TO ClIeyeT IPUHUMATD g =1 ;
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- mpu «<0.03 3Hauemns koddounmentoB ¢opme Y, Y,, ¥, M mompaBOYHOro
Ko3bdunmenta ¢ caeayer NPHHUMATH PABHBIMU UX 3HAYE€HUIO IIpH « = 0.03.

3.2.10. Ilpu P >10 MIla HOMUHAIBHYIO TOJIUMHY CTEHKH OTBOJA CleAyeT HPHUHUAMAThH
HauOOJBILEH U3 3HAUEHUH, TONTYUYEHHBIX IS TPEX CTOPOH OTBOAA C COOTBETCTBYIOIMMM KaXKA0M
CTOPOHE CyMMapHEIMU IpHOaBKaMH c .

Jnsg  CeKTOpHBEIX OTBOJOB, W3TOTAaBIMBAEMBIX M3 OECINOBHBIX TPYO, HOMHHAILHYIO
TOJILIMHY CTE€HKH CIeIyeT BEIOUpATh 110 BHYTPEHHEH CTOPOHE OTBOJA.

Ilynkm 5.5.5 uznoorcums 6 cnedyroweii peoakyuu:
5.5.5. Pa3max 5KBHUBaJIEHTHBIX HANPsHKEHUH [IPU pacyeTe Ha MUKIMYECKYHO IIPOYHOCTD

Ao-e:\/o-z—aaz+azz+3rz (5.14)

Ilynxm 5.5.8 usnooicums 6 pedaxyuu.:

5.5.8 HanpspkeHus B TpOHHUKAX U Bpe3KaxX OIPENENA0TCA coracHo M. 1. 5.5.1-5.5.5 mus
ceyenuit A-A, b-b u B-B (puc. 5.2,6). Eciu Bpe3kyt 13 pazinuHbIX MaTepHAIOB, TO NIPU pacuere
ceueHuit A-A u b-B npuHMMaeTcs nomyckaeMoe HalpsDKEHHE MaricTpaiy, a IpH pacdere
ceyeHnd B-B npuHuMaeTcs JONMycKaeMOe HAIIPsyKEHHE MaTepyalla OTBETBICHNUA.

Dopmyny (5.22) 3amenums HA CredYIOWYIO:

_2(s+0.55,)", 529
7 (D-s) 422

Dopmyny (5.24) 3amenume Ha credyIOwyI0:
opu r>0.125d u s, >1.5s

H=44 D2s ,
-5
npu r <0.125d nma s, <1.5s (5:24)
H=31-2_
-
Dopmynot (5.25), (5.26) u (5.27) 3amenumo na credyrowue:
5, =(s—C)Sp/ SpptCe (5.25)
5 =(s—c)'("ko/(py te (5.26)
(I’RD=min(0,1,€0y), (527)

Ilynkmut 5.6.1, 5.6.2 uznoowcums 6 cuedyoweii pedaxyuu:

5.6.1. I{umyeckas IpoYHoCTh TpyOONpoBoia Ha JTane 3 cquTaeTcs obecneyeHHOMH, eciin
BBINOJIHACTCS YCIOBHE

Ao, < 4,[Ac,], (5.32)
rae xoaduumeHT npuseneHus K temneparype 20°C 4, =[cl/[o],,,
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5.6.2. JlomyckaeMplil pa3max Hanpsokenuii npu 20°C, MITa:
- 11 TpyOONPOBOIOB M3 YTIIEPOAUCTOM 1 HU3KOJIETHPOBaHHOM (HE ayCTEHUTHOM) CTauu

[Ac,]=80(14+1200- N *52)°¢% (5.33)
- U1 TpyOONpOBOJOB U3 ayCTCHUTHOM CTajlid

[Ac,] =110(1+1000. N **3)0% (5.34)

Ecnm pacyeTHOE YWCIO HONHBIX HUKIOB N, MeHee Ny, TO IpH NpoBEpKE YCIOBUSA
(5.32) B popmynax (5.33) u (5.34) cnenyer Bmecro N, nopcrapuars Ny, .

N in - MUHEM&JIBHOE PaCUETHOE YHCIIO TTOTHBIX LMKIIOB, BEIYHCIIETCS 110 GOopMyiaM:

- JU1st TpYGOIpPOBOIOB U3 YIIIEPOIUCTON ¥ HU3KONETHPOBAHHOM (He ayCTEHHTHOIM) cTalu
1.875

Nmin = 1200 (5341)

1.5 +[0]5) "6_1 ,
4.-80

- s Tpy6ONpPOBONOB U3 ayCTEHUTHOM CTaIH
1.875

Noin = 1000 T (5.34.2)
(1.5<[a]+mzo)] »

4.-110

Hynkm 5.7.1 usnooscums 6 cneoyroweti pedaKyuu.

5.7.1. InurenpHas LMKIAYECKas MPOYHOCTH BBICOKOTEMIIEPATYPHOTO TPYOONpPOBOAa Ha
sTane 4 cuuraercs obecrnedeHHOH, eciau BeMoOnHsAeTca yciaosue Ao, <0.6[c], rme o, -
MaKCHUMalbHOE SKBHBAIEHTHOE HANIPAXKEHHNE Ha 2 JTalle pacyeTa.

IIynkm 5.7.2 usnoscumeo 6 cnedyroweil peoaKyuu.

5.7.2 InuTenbHas LUKINYECKas IMPOYHOCTH BBHICOKOTEMIIEPATYPHOrO TpyOompoBoaa mpu
o, > 0.6[c] cuutaercs 00eCNEUEHHOM, €CM BBIIONHAETCH CIEAYIOIEE YCIOBHE CYMMHPOBAHUS
MOBPEXJEHUIH OT yCTaJIOCTH U NOI3Y4eCcTH P YCTAHOBUBLIEMCS TEMIIEPATYPHOM PEKMME:

1.6
G(IE — 1
ATGao

1.875

P m
e | <p (5.37)
@ 1.6 I:lz[o-]jl <
O-HU
B aT0ii hopmyme
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1-1.33 -2 mpu 0<|—Ze | <
Do 12[o] 12[0]

< m m
0.43+0.57[ % ] npu 0.35[ . ] <1.0
1.2[0] 12[c]
O, — MAKCHMAJIbHOE SKBHBAJICHTHOE HallpsDKEHYE Ha 2 Tale pacyeTa,
m — IOKa3aTelb CTENEHH B YPaBHEHHMH [UIMTENBHOM mnpoyHoctd. IIpu OTCYTCTBHH
CIPaBOYHBIX JAHHBIX IPUHHUMAETCS PaBHBIM /m=8§.
Ilpumeuanue 1:Ilpn o, /4,0, <1 mnepBoe cnaraeMoe B YypaBHenun (5.37) He

YUUTHIBACTCS
Ipumeuanue 2: JlonmyckaeTcss NPOBOAUTH OHEHKY JINMTENBHOM HUKIHYECKOM MPOYHOCTH
o ¢popmyne:

3
( O )+ o 4 (5.38)
400,]) " 12001

IIpu o, /(1.2[c]) £ 0.5 BrOpOE CnaraeMoe B ypaBHeHMH (5.38) He yuuTsiBaeTcs.

Hobasumo nynkm 5.7.4:
5.7.4. Ipu uucne uuxios N, Messue 1000 caexyer npuHuMaTs ero pasHeiM 1000.

Hynkm 5.8 usnoscumo 6 cnedyroweti pedaxyuu.
5.8 PacueTr MecTHO# ycTOIYHBOCTH CTEHOK BAKYyMHOro TpyGonpoBoaa

5.8.1. Kpurepuii MeCTHOH YCTOMYMBOCTH CTEHOK Tpy0 M (acOHHBIX [eraieil mon
COBMECTHBIM JEHCTBHEM Hapy KHOro NABIEHHUS, OCCBOrO CXMMAIOIETO YCWIHA, N3rubalomux
KPYTAIIMX MOMEHTOB H IONEPEYHBIX YCUIINH BHITTIUT CIEXYIONHM 00pa3oM:

K <1, (5.39)

rae K — 5bdekTtuBHBIN K03 GUUMEHT YCTOWYHMBOCTH, NOJKEH OHITH MEHBIE WIH paBeH
€IMHULIBL, BBIYKCIIIETCS 110 popMyIIe

K=K, 1+ (K— , (5.40)
A
rae K, - xo3pdUIMEHT YCTOMYHMBOCTH B MPEANIONOXEHMH JIMHEHHO-ynpyroil pabGoTHI
Mmarepuana, K, - Ko3QbULHEHT IPOTHOCTH.
2
PN IMi+M: M, (JO+O
K, =— | =, (5.41)
[P] [N] [M] M,] Q]
(e}
Ky=—+—, .
" =150] (5.42)

rae
(P] - nmomyckaeMoe HapyXHOE [aBIEHME W3 YCIOBHMSA YCTOMYMBOCTH B mpeenax
YHIPYrocTH,
[N] - nomycxaeMoe OCeBOe YCHIMA U3 YCIOBUS YCTOWYMBOCTH B TpeJie/iaX ypyrocTH,

© Accoupaums «PocTexskcneprusay 6
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[M] - nomycTuMblii H3rHOalOIUi MOMEHT M3 YCIIOBHS YCTOWYHBOCTH B Ipefenax
YIPYroCTH,

[M,] - nDonmycTUMBIA KpyTAIIMA MOMEHT H3 YCIOBHMA YCTOHYMBOCTA B mNpelenax
YIpPYTOCTH,

[O] - nomycTuMas ronepeyHas CHia M3 yCIOBHs YCTOMYMBOCTH B NpeAEaxX ynpyrocTy,

0, - SKBUBAJICHTHOC HANPSHKCHHE B CEYCHHM TPYOBI, BBHIYMCIECHHOE corjacHo m. 5.5.4
HACTOALLETO CTaHIapTa pK ¢, =1 U ¢, =1.

5.82. Ilpu Hanuyum KoJell >KeCTKOCTH (puc. 5.3a) SKBHBANICHTHBIE HaNpPHKEHUA
PacCUUTHIBAOTCS 110 opMyIie

o =max(0,,0,), (5.43)
rae
o, - 50bdekTHBHOE KOJBLEBOE HANPKEHHE B y4acTke TPYyObI MEXAY KOJNbIIaMH
KECTKOCTH,

o, - 20deKTHBHOE KOJIBIIEBOC HANMPMKECHHE B TPYyOe ¢ yd4eTOM YKPEIUIEHHMsS KONbHaMU
KECTKOCTH.

_P(D-5) Ds+b’
2s  2Ds+b%’

g,

(5.44)

P(D—s)—zflf—[a]m

g, =

(5.45)

>

2s
rae
b - paccTosiHUE MEXAY KOJbLAMH JXECTKOCTH B CBETY,
£ - pacCTOSHHE MEXAY KOJBLAMHU XKECTKOCTH B OCAX,
A, - NoIanb NONEPEYHOro CEYEHUA KOIbIA XKECTKOCTH,
[o], - momyckaemoe HanpspKEHHE AN KOJIbIIA XXECTKOCTH IPH PacyeTHOH TeMIIepaType,
@, - KO3 PHULMEHT NPOYHOCTH CBAPHBIX IIBOB KOIBIIA JKECTKOCTH.

5.8.3. 3nauenns [P], [N], [M], [M,], [Q] misa yyacTkoB TpyO O3 yKpeleHHd KOJIbLaMu

JKECCTKOCTH BBIYHMCAAIOTCH IG @(‘,pmy::am:

2 _ 25
[N] =31ﬂ[@] , (5.46)
n, D,
3 25
[Mlzwﬂ[o_—gj , (5.47)
n, D,
3 25
[M1]=1.124ED, ((s—c)] (5.48)
n, D,
0.432E(s—c
[0)= 282269 (5.49)
¥y
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3
(p=22£ (L‘c)) . (4.50)
n, D, ’
a) 4
£ s
77 T 77777777 I77777777 177777
b l
O L. D| D

LT T 7 L 7 T T T L L L,

©) L4,

KOonbLa XXEeCTKOCTN  _

e

e
b

Puc. 5.3. Tpy6a, moaxpenneHHas KoJbLaMHM )XECTKOCTH

5.8.4. 3nauenns [P], [N], [M], [M,], [Q] 11 y4acTKOB TPyO C YKpEILICHHEM KOJbLaMH
JKECTKOCTH BHIUHMCIAIOTCA No popMyTam:

9 _ 2.5
[N]=&((S_C_)] , (5.51)
ny \ Di
8.9ED? *
) 22222 (620 ) 552
y D,
2.06E(s—c¢)*D, |D.(s—
[, = 22EG=0) 4 526) (5.53)
n, VA
[0]= 24E(s—c) (0.18+3.3 Di(sz— c))’ (5.54)
n, 4
[P1=min((P],.[P],), (5.55)
rae [P], - HOIyCKaeMoe JABICHME M3 YCIOBMA YCTOMYMBOCTH TPyOBl MEXIY KOIbLAaMU

JKECTKOCTH, [P], - DOMyckaeMoe [aBIeHWE U3 YCIOBUS YCTOHYMBOCTM BCeil TpyObl BMeCTe C
KOJIbL[aMH JKECTKOCTH.
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5.8.5. JomyckaeMoe JaBICHHE H3 YCIOBHS YCTOMYHBOCTH TPYOBl MEXIy KONBLAMH

KECTKOCTH
25
2.08ED, ((s—c)
pl === | B9 56
(7, ny,B!,b( ~9) (5.56)

. D. D,
B, = 1.0;0.945— | ——. .
2 mm{ ) #(s — c)} (5.57)

5.8.6. lonrycxaeMoe NaBJICHHE U3 YCIOBUS YCTOWYHUBOCTH BCel TPyOBl BMECTE C KOJIbLIAME

JKECTKOCTH
25
2.08ED, (k(s—c)
Pl = : , 5.58

P k-ny~B2»£[ D, ) (5-38)

i

. D D
B, = 1.0;0.945— !
3 mm{ ;0.9 J ’k(s—c)}’ (5.59)

rae k - ko3 dULHEEHT XeCTKOCTH TpYObl, MOAKPEIUICHHON KONBLAMHU KECTKOCTH.

10.97
k= fm (5.60)

rae I - 3¢ deKTUBHBIA MOMEHT HHEPLMH ONEPEIHOTO CEYEHMS KOJIBLA KECTKOCTH (puc. 5.36)

3 —
+ Us-c¢) re 4.L.(s—c¢) ,
10.9 4, +L,(s=c¢)

I=1,

(5.61)

roe [ r - MOMEHT MHEPLIUAH MOIECPEYHOro CECYCHMA KOJbLA >XECTKOCTH OTHOCHUTECIBHO OCH,
l'lpOXOIl}IH.lefl qyepes LEHTP TAXKECTH, Ak - Iowaas MonepeyYHoOro CeYCHus KoJjpla XECTKOCTH, e

- PacCTOsTHUE MEXIY HEHTPOM TSDKECTH NONIEPEYHOTr0 CEYECHHs KOJbIA XKECTKOCTH M CEPENMHHOMN
TIOBEPXHOCTBIO Cce4eHus TpyOwl, £, - dhdeKkTUBHAA UIMHA CTEHKM TpPYOH, YUHTHIBaeMasd npu

OIIpeACTICHUN Q(I)Q)CKTHBHOTO MOMEHTa HHECPLIUH.

¢, =min(t,r +1.1yD,(s=0) ), (5.62)

Jlobasums pazden 7:

7. MoBepouHbIN pacyeT TpybonpoBoga Ha NPOYHOCTbL C
pasneHuvem 6onee 10 MlMa

7.1 O6wue nonoxeHus

7.1.1. IlpoBepounsiii pacuer TpyGompoBozoB ¢ paieHueM oT 10 MIla B nenom
NPOM3BOMUTCS COTJIACHO pa3ieny 5, MpH 3TOM HEKOTOpele (OPMYJIBl M YCIOBHA CIEAyeT
3aMEHUTH Ha GOPMYIIBI U YCIIOBUS JIaHHOTO pasgena. ®opMynsl U YCIIOBUSA, OTCYTCTBYIOIME B
JaHHOM pazjielie, NPHHUMAIOTCS COITIacHO paszeny 5.

7.1.2. dopmynsl faHHOTO pa3jieia IPUTrOAHEI IIpH COOMIOAEHHUH YCIOBHA

§7¢ <025, (7.1.1)
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7.1.3. Metoauka pacuera, npuBeJCHHasA B JaHHOM pasfelle, aHajoruiHa Meroauke PJI 10-
249-98 n anpobupoBaHa Ha NpaKTHKe NpHU JaBieHuax xo 38 Mlla.

7.2 PacyemHble HanpshxeHUs1 8 omeodax
7.2.1. HanpsikeHus B 0TBOAaxX ONPeNeNdroTes Uil Tpex ceuenuit A-A, b-b, B-B (pucynox
5.2,6)
- TIpH pacueTe IO 5Tamy 1 HampsyKeHWA B OTBOJAX ONpPENENAIOTCA B COOTBETCTBHH C
myHKTaMu 5.5.1 — 5.5.5 npu 3toM x03ddHIMeHTs HHTeHCHOMKAIUK NPHMHUMAIOTCE i, =i, =1.

Ecmu xoadpurment rubxocti orsoga A <1.4, TO JONONHHUTENBHO A KaKIOTO M3 CeUeHHH
BRMHUCHsETCA 3QPEKTHBHOE HanpshxeHue 1o GopMmyne:

_ 0.93k,\[M? + M?

R [%) [am, ]z ; (7.2.1)
20755 1 - 0.0725 ~02512 ==
[ [o] [o]

-  IpU pacueTe MO STally 2 HaNpsOKEHUs B OTBOJAX ONpENENAIOTCA Kak Hamboibliee
3HayeHue no Gopmymnam:

o, = —\;V—\/[(Oék;M,. +127-M, Y, +0.6k,M, )8, +0.5Wa,, [ +(k,M,}

o, = %\/[(O.Gk;M,. +127-M,)B, +(0.6k,M, Y, +0.5%a,, [ +(k,M,f

1 (7.2.2)
SR TR EeTA T Y.

o, = % W06k, M, Y, +Ws,, | +(k,m,

Ilpu M, >0 n M, e oL NpHHAMAETCA k, L » B OCTaNBHEIX CllyyJasX k, =k, ;
M a4z g, k, v

i

- IpM pacyeTe IO 3Taly 3 HanpsDKEHHS B OTBOJAX ONpENENAIOTCS Kak Haubolbluee
3HaYeHUe Mo hopmynam:

o, = %J[(Oﬁk;M, ~0.78-M. )y, +(0.6k, M, )8, [ +(k, M,

o, = i\/[(o.(,k;M,. ~0.78-M,)B, +(0.6k,M, ), [ +(k, M}
w (72.3)

. = %\/[(O.Gk;M, ~0.76-M, )y, [ +(, M.}

o, = %\/[ 0.6k, M, Jy,, [ +(k, 0, ]

M 1 1 .1 .
Ipu M, <0 u —>>——1 k, + — | NpuHUMAaeTcs k, =-—, B OCTAJIBHBIX ClIy4asX k, =k, .
M, 146 k, k,
3nech BeMUMHA M, onpeienseTcs npyu paboyeM JiaBIeHNH;
- TIpY pacueTe Io 3Tanmy 4 Hamlps)KeHHWd B OTBOJAX OHPENENIoTCs Kak HauGolbmiee
3HayeHue 1o GopMynam:
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\/[(kM oMY, +(k,M,)8, + Wo,, | + (kM)
\/[(k;M +2M,)8, + (i, M, Y, +Wo,, [ +(2k,M,}
\/[(k;M +2M, Yy, + 2o, | +(2k,M,}

Ao, = W\/[(kpMo Yo + 2o, F + 2k M}

(7.2.4)

Ilpu M, >0 u M, l[kp + L] IpUHMMaeTCs k, = L , B OCTABHBIX CITyyasx k, =k, .
M, 4 k, k,
B npuseneBHEIX BBILIE dopMyIax:
o,, - BEIUMCIAETCA 1o Gopmyne (5.7);
A - Brryucngercd no popmyne (5.20);
Vms By, - KO3DOUIMEHTH HHTEHCUDUKAIIMA HATIPSDKEHHUIA;
M, - onpenensercs 1o hopmyne
2RD-a
100(D —s)s (7.2:3)
a - HayaJbHas OBaJIbHOCTH MTONEPEYHOro CeYyeHus OTBOJA.

MoMeHT M, cuuTaeTcd IIONOXKHMTENBHBIM, €CIH HalpaBieH B CTOPOHY YBEIHUEHHS
KPUBH3HEI OCH TPYOBI.

M, =-PW

7.2.2. KospdbuuueHTsl HHTeHCHpUKALMHA HANpsSXKeHWH y,, [, ONPEIENdIorcs Io
dopmynam:

10
Ym =075 Y 4,4 -i%); (7.2.6)

i=2,4...

B, = 152

i=2,4..
rfie BEIUYUHA b BBIYUCIIACTCSA IO CIICaYrOomnM (bopMynaM:

a, =1.010+16332> +99w;
0.2316
a, =1.016+6611% + 630 ———;
]
0.2197
a, =1.028+2014% + 350 - ;
a
0 12914 (.2.7)
a, =1.062+37.52% +150 - ———;
a,
0.0977
b=1.125+1.57 +3w~ ;
ad
2
w=3.64 PR
SED
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Koadduuuentsr 4, BeIUCIsoTCs o hopMynam:

1
Ay =——;
o7) b
0.3125
Ay =——Ap;
a4
0.4375
Ay =———Ap; ¢ (7.2.8)
a,
0.4687
4y = Ags
a,
0.4812
Ay =—— 4y
1

7.2.3. B TOM cilydae, KOrAa OTCYTCTBYIOT JaHHblE O (PaKTUYECKOH BEIWYMHC HadalbHOM
3JUIMNTUYHOCTH CEYEHWH KpHBOIMHEHHBIX TpyO, pacueT HanpsKeHU B Hux mo m. 7.2.1
NPOM3BOIUTCS MU a =0, TaK ¥ NPpU BO3MOXXHOM HauOOJIbIIEM 3HAYEHUH a, IPHHUMAEMOM IIO
TEXHUYECKHUM YCIOBUAM Ha M3TOTOBJIEHHE MM IO COTTIaCOBAHMUIO C 3aBOJOM-U3TOTOBUTEIIEM.

Ecnu BenuyuHa HadanpHOM OSIMOTUYHOCTH a<3%, TO B pacyeTe HanpsKeHHiH
3/UIMNTHYHOCTD HE YUUTHIBaeTCs (npuHuMaercsa a =0).

Jng  HU3KOTEMIEepaTypHHIX TPYOONPOBOJOB 3HAYCHHME HAYaIbHOM 3JIIUITHYHOCTH
CEUeHMd a CleyeT IPUHUMAThH ¢ yBenudeHreM B 1.8 pasa.

7.2.4. HanpsokeHus I CEKTOPHBIX OTBOJOB € YMCIOM CEKTOpOB 0Oojiee ABYX MOXHO
OIIPEAENATH [0 NPUBEAEHHBIM BhIIIE (popMynaM i KpMBOJIIMHEHHBIX TPYO.

Jlnsd  Kaxaoro cedyeHMs B KayecTBE PacueTHOTO 9SKBHUBAJICHTHOIO HaNpsKEHHS
NPUHUMAETCst HanOoNbIlee N3 3HAYEHNH, BHIUMCIIEHHBIX 1To (opMyitaM (7.2.1) u (5.13).

JIis xaxxporo cedeHHWs NOMKHBI BHIOMHATHCS YCIOBHS CTaTHYECKOH M LMKIMYECKOH
TIPOYHOCTH cornacHo n. 5.4.1 u 5.6.1.

7.3 PacyemHble HanpsiXeHUs1 8 mpoUHUKax U epe3kax

7.3.1. HanpsokeHus B TpoOlHMKax ONpENENsIOTCA COrNacHo myHkTram 5.5.1 — 5.5.5 4
ceyeHuit A-A, b-b u B-B (pucyHok 5.2), npu 3ToM KOIQGHULMEHTH HHTEHCHGHUKAUMU
NPUHUMAIOTCA i, =i, =1. JIns KaXI0ro u3 ce4eHHit BHIUUCIIETCA dbGEKTHBHOE HANpPsHKEHHE IO
dopmyne:

- IpH pacyeTe Mo 3tamy 1:

M+ M+ M?
o, =0.50,, + max(Q,1.0)k, — 0 L (7.3.1)

s

W
- NpH pacdere 10 dTanam 2:
M*+M*+M?
o, = o, +max(0.6y,,,1.0)k, ~—— W” d (7.3.2)

- IIpH pacyeTe no 3Tamy 3:

2 2 2
M+ M+ M, (7.3.3)

w

o, = max(0.6y,,,1.0)k,

-~ [pH pacuere o 3Tany 4:
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2 2 2
NM; M, + M, (7.3.4)

w

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

rae
o,, - BBRIUHCIAETCA 10 hopmydte (5.7);
k, - Koo puimenT neperpy3ku, NpUHUMaeMBIH cornacHo 1. 7.3.2;
Vs - KOOGOUIMEHTH HHTEHCU(UKALIMM HallpshkeHuii cornacHo 1. 7.3.3.

7.3.2. Koo puuueHTE! EpErpy3KH &, TIPUHUMAIOTCA:
- Vi1 HH3KO- M CpEIHETEMIEPaTypHBIX TpyOONpOBOOOB k, =1, HO TpU ITOM
YUHTBIBAIOTCS K03 GUIMEHTH! HANSKHOCTH 10 HAarpys3Ke 7, ;

- I78 BBICOKOTEMIICPATYPHBIX TpPYOONPOBONOB: HE YUUTHIBAIOTCS KO3(PGOUIMEHTH
HaJeXNHOCTH TI0 Harpyske y, cornacuo m. 5.1.1. Ilpu BeImonueHuu pacuera tpyGomnpoBona 6e3
CYLIECTBEHHBIX YNpPOIIEHUH (YYTEHBI BCE OTBETBIEHUS, ONMOPHl U T.H.) U IPH €r0 MOHTaXe Io
IEACTBYIOIMM MHCTPYKIMAM KO3OGOUIMEHT Teperpy3ku NPHHAMAETCS PaBHBIM k, =1.4; ecmu

JOIIONHUTENBHO K YKa3aHHBIM YCJIOBHSM IPOM3BOJUTCA CllelMaNbHas KOPPEKTHPOBKA 3aTSDKKH
NPYKMH TIPOMEXKYTOUYHBIX ONOpP AN YydeTa OTKIJOHEHMH (aKTudecKMX 3HAYEHM} BECOBOM
HarpysKH, *XeCTKOCTH NpYXXHH ONOp ¥ TEMIIEpaTypHBIX TepeMelleHuii OT NPHHATHIX B pacdeTe
3HAYEHHUH, a TAKOKE BBINOJNHACTCA Hala/Ka Tpy 60npoBo/ia, MOXET OBITh MPHHATO k, =1.2.

7.3.3. KoaddpunmeHTs MHTeHCHDUKAIMK HANPSHKEHUH ONpenenstoTcss B 3aBUCUMOCTH OT
PacyeTHOrO CEYEHU U TUIA TPOHHUKOBOrO COEIMHEHMA 1o hopMynaM:

-  And CBapHbIX TPOHHUKOB C YKPEIULIOIMMMH HaKlakaMH M 0e3 YKpeIUIAIomHX
HaKJIaJoK B ceuyeHuu B-B

0.67 0.5
Q= o.s( Dz‘ S] [min( ‘12" 5 ]; 0.5] (s—b)
S -8 s
7/ _ A( D _ Sj0467(d _ Sb jO.S(s_b)‘r
" 2s D-s s

3.0 npu (i)_ 5 J <09 (7.3.5)

Cd— s
npu0.9<L ”J<1.0
D

-5

d-s,

A=413.8-12
D

-5

d-s
1.8 b1=1.0
npu(D_sJ

- JUId CBapHBIX TPOWHMKOB C YKpPEIUIAIOIIMMHU HaklaakaMd H 0e3 YKpeIUIIoUIHNX
HaKJIaJ0K B ceueHusx A-A u b-b
0.3
d-s
Q=o.9[_ij

2s,,

o2 )
" 2s D-s

—~ U4 IUTaMIIOBaHHBIX M IUTaMIIOCBAapHBIX TPOMHUKOB € 7 > 0.05(d, — s,) B cedyeHuu B-B

(7.3.6)
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0.67 0.5
Q:O.S[D_sj min(d'*]; 05| |3
2s D-s s

0.67

0.5 T
| 0
25(1+3’—) D-s) \s
) s (7.3.7)
-
2.0 s <09
npu(D_S)
A=138-2975% 4y o.9<(ﬂ <1
D-s D-s

—S

d-s
1.8 npu £ [=1.0
i (D J

—  Jud I0TaMIIOBAHHEIX U IITAMIIOCBAPHBIX TPOHHMKOB C r 2 0.05(d, —s,) B ceueHnsax A-A

u b-b
d 0.3
Q= 0.9( = SJJ
2s

0.67

(7.3.8)
¥ =16 D'; (d's:)
2s[1+—’) D-s
D-s
31ech NpUHUMaETCA

04 npus,/s<1
r= PY Sy , (7.3.9)

1.Onpus,/sz1

JJ1s cBapHBIX TPOMHHMKOB C HAaKIAJKOM BMECTO TOJLIMHE! CTEHKM KOpIIyca s CIEAyeT
HCIONIB30BaTh 3 (HEKTUBHYIO TOIIMHY:

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

7.4 Pacuem Ha YUKITU4eCKyH NMpoYHocmp
7.4.1. lonyckaeMplii pa3sMax 3KBUBAJICHTHBIX HAIPSHKEHUI BRIYUCIIAETCA 1O hopMyJIe
[Ac,] = min([Ac]; [Acy]), (7.4.1)
7.4.2. JlomyckaeMblii pa3Max SKBUBAJICHTHBIX HANpPSKECHUH W3 YCJIOBUSA LHMKINYECKOH
npoyHoCTH [Ac,| W mOMycKaeMblif pasMax OKBHBANEHTHHIX HANpSXKEHMH W3 yCIOBHS
npucnocobnsemMoctu [Ac], onpenensercs coriacHo tabmuue 7.4.1;
7.4.3. PacueTHO€ 4MCII0 MONHBIX LMKIOB ipu N, <10° BRIUMCIAETCS IO hopmye:

N,=N,+% (RN, ) (74.2)
i=2

rae
R, - K03 GULIHEHT, paBHBIi:
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- A Tpy6ONpOBOIOB M3 YIIIEPOAUCTON MM JIETUPOBAHHON (HE ayCTEHUTHOM) CTaly I
TpyG6, OTBOJOB NpM pacyeTe uX o I.m. 5.5.1 - 5.5.5

R, =102; Q=43.910(0; 2% ~Ag; 4% ) (7.43)

el

- ans TpyGOIPOBOIOB U3 YIJIEPOAUCTON MK JETHPOBAHHOM (HE ayCTCHUTHOM) CTalM A
OTBOJIOB, IIEPEXOIOB, TPOHHUKOB K BPE30K

R, =10%; Q=48.746(A0; 7% A6 % ) (7.44)

e,i

- g TpyOonpoBOIOB U3 ayCTEHUTHOM CTalll Ul TpyO, OTBOAOB IIPM pacyeTe MX IO ILIL
55.1-5.55

R,=10%; Q=58.778(Ao-',°‘4417—Aa'(.)"“”); (7.4.5)

e, e,

- uia TpyOOIpOBONOB M3 ayCTEHHTHOM CTald U1 OTBOAOB, NEPEXONOB, TPOUHUKOB 1
BpPE30K

R =10%,Q=79.261{Ac; P4 ~Ac; 04 (7.4.6)
Tabnuua 7.4.1
Martepuan
Tpy6OnpOBOIA 1 BU [ac,] (Ac]
JeTany

TpYOOIPOBOIBI U3 YIIEPOMUCTOMN KK JIETHPOBAHHOM (HE ayCTEHUTHOM) cTanu

TPYORI M OTBOIBL, | 7875 4760 89+1029.36% —
TpH pacyeTe uX Io ’ ’ 500.34 MIla

na. 5.5.1-555 | —764856°

OTBOJIH, TIepeXompl, | 9677.6—5375.18+1067.96° —
TPOMHUKM ¥ BPE3KH | _73.5299°

807.90 Mila

TpyGOIIPOBOAEI M3 aYCTEHUTHOM CTaJIN

TpyOBI X OTBOJH, 010.8 2
Pt paCHETe X 10 8010.8~4698.76 +988.6860 606,40 Mila

mm 55.1-555 | —71.8366°

OTBOZIB), Nepexonsl, | 8558.2~4190.96 + 734.250° -
TPOMHMKM U BPC3KH | —44.215°

1004.71 MIla
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