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YAK 699.81

llevaTaeTca no pemeHyD CeKLMH KOPpo3MM M creuberoHos HTC  HUMEB
loccrposa CCCP or 22 anpeas 1986 r.

PexomeHpali No NpoeKTHPOBRHHD MHOIOMYCTOTHHX MMT NEpeKpHTHA ¢
TpeGyemolt orHecroftkocToo. M., HUMEB Toccrpos CCCP, 1987,c.27.

Peromennauus comepxaT OCHOBHHE NOJOXEHMA [0 MPOEKTHPOBAHHD MHO-
rONYCTOTHHX NMAXT nepexpuTiit ¢ TpeCyemoff orxHecroftxocrow. [lpuBene H
TaGaMIIN BAA onpelieeHHA napaMeTpoB, HCNOXb3yeMHX NPH pacuerax. Jla-
HH TIPOTDaMMH IJf PAcueTOB H& NPOrpaMMMPYeMHX MMKPOKAJNBKYAATO P 4 X
MK-54, B3-34, a Takze npHBeflcHH NPUMEPH MPOEKTHPOBAHUA MHOI'OMYCTOT-
HHX TUIKT NepexpuTi ¢ TpeGyemolt orsecroikocTs.

llpepHasHaueHH QAf HHEGHEPHO-TEXHHUECKHX PAGOTHHKOB MPOSKTHHX ¥
CTPOMTENbHHX OpraHu3aijil,

TaGx. 5.

@ Opnena Tpymosoro Kpacuoro 3uamenu
HAYUYHO-HCCAENOBATENLCKUN HHCTHTYT
GetoHa M mexesoCeroHa (HIMEB)
T'ocerpos CCCP, 1987



NPEJXCIIOBHE

B OcHOBHHX HANpABASHMAX BKCHOMMUECKOrO M COLMAJBHOrO  PA3BHTHR
CCCP na I986-I990 roan u Ha nepuop mo 2000 rosa HAMEYEHO NPONONKATDH
COBEPmEHCTBOBAHKE TPOEXTHO-CMOTHOr'O jeJa, NpefyCcMATPHBATh B IpPOEK-
TaX WMHPOKOE ITPUMEHEeHMe NMPOI'PEeCCHUBHHX HAYUYHO-TEXHMUYECKHMX NOCTHRCHMH.
[loBHmeHKe HANEXHOCTH M SKOHOMAUHOCTH NMPOEKTHHX pemeHuit BO3MOXHO
NPY KOMNJAGKCHOM MOAXOME ¥ yueTe HA CTAAMM NPOEKTUPOBAHMA PAa3AHUHEX
faxTopoB, BO3HMRADMUX B NMpOLECCE SKCILIYATALMM, B UYACTHOCTH, BO3MOX-
HEX roxapos. s ofecneueHMs 5TOro HEOGXOAMMA METOZMKA TPOEKTHPOBA-
HUA KOHCTPyxLu# c TpeGyemoft orxecroitkocTbp.

Hacrosmmue Pexomenpauuu cocraBjeHH B [0onojHeHHe M pasButHe “llo-
COCHMA 1O ONpefeseHMD NpefielloB OPHECTORKOCTH KOHCTPYKUui#t, npeaesos
pacnpoCcTpaHeHHs OTHA N0 KOHCTPYKUMAM ¥ TPyNN BO3TrOPAEMOCTH MATEpHa-
xos (x CHull [I-2-80)", (M., Crpoftuspar, 1985) u "Pexomenpauuit nmo on-
peneseHUD NMpenesioB OrHeCTORKOCTH GETOHHHX M XeJe30GEeTOHHWX  KOHCT-
pyxuut® (M., Crpo#tmanar, 1986).

PexomeHpanuu o606manT OMHT TEOPETHUECKHX M 3KCNEPUMMEHTANbHEX
HceenoBaHuil orHecTORKOCTH Eene30GeTOHHHX KOHCTPYRUMA, OCHOBaHHHH
Ha pesyAbTaTAX MHOTOUMCIEHHHX OTHEBHX M BHCOKOTEMIIEPATYPHHX HCMHTa-
Huft, BumoaHenux HUMEB Toccrpos CCCP u Cumpeponoabckum Punnanom
JnenponerpoBckoro YCH, a Takme aHaaM3a OTEUECTBEHHHX M 38PYGERHHX
pador.

[lpepnaraemas meTomyKa pacueTa 38KJIDUYAETCH B OlleHKe Hecymeft cro-
COGHOCTH XeAe306EeTOHHHX KOHCTPYKUMR C yueToM H3MeHeHMA ycxoBult coB-
MecTHOR paGoTH apMaTypH M GeToHa NpM orHesoM Bo3melcrTBMM, & Takxe
B o6ecrieueHMH NMPH NPOEKTHPOBaHWH TpeGoBanuit raas CHull 2,03.0I-84
"BeroHHHe K =menae306eTOHHHe KOHCTPyxuuu", CHull 2,01.02-85 ™lIporuso~
noxapese Hopuu", CHmll 2,01,07-€5 "Harpyswm m BO3ZEeAcCTBHA" M  CTaH-
znapra C3B I000~78 "MpoTmBONOXADHHE HODMH CTDOMTEJIHHOI'O IPOEKTHPOBA-
XA, MeToZ MCNHTaHWS CTPOATENBAHX KOHCTDYKUWA Ha OTHECTORROCTH".

B ocHOBY METOmMKM TeNIOTEXHMUECKOro pacuera noioxeHa "Mucrpyx-
UMA no pacuery PaxTHYECKHX NpelesacB OTHECTORKOCTH xelie306€TOHHHX
CTPOKTEAbHHX KOHCTPYXLMR Ha OCHOBe npumeHeHHHs IBM
( M., BHVNMMO MBR CCCP, I1975). CraTHueckas yacTh pac-
yera BenosHeHa no CHull 2,03.01-84 c yuerom uameHeHust cBoiflcTB maTe-
puanoB K ycioBult ux copmecTHO! paGoTH NpH noxape.



B PeromeHpanusx nmpuBefieHH TAGNALN, NO3BONANEME ONEPATUBHO Omnpe-
REeNUTb OTHeCTORKOCTH NJNT nepeRpuTH! WM nofo6paTs HeoOXoJuMHE Na-
PA8METPH CEUYEHMA MIMT IuA obecneueHHs TpeOyemoro npegpesa orHecrofixo-
CTH, & TaKKe NMPOTPAMMH JJIfi BHNOJHEHMA pacueTa OrHecToAKOCTH NMAMT Ha
NPOTPAMMUDYEMHX MMKPOKQJIbKYIATODPAX,

TlpumeHenne PexoMeHAalMt nO3BOJUT HA CTANMM NPOSKTHPOBAHMA NOBH-
CHTh HAJEXHOCTD MHOTONYCTOTHHX NIUT NEPEKPHTHR ¥ COKPATHTL 3ATPATH
Ha HX OTHEeBHe HCNHTAHHMA.

PeromeHpanuy pa3paGoTaHH NOKTOPOM TeXH.Hayk, mpod. B.B.Eyxosmm
(HWEB Toccrpos CCCP), xkaHmupaToM TeXH.Hayk, nou. O.2.[lawwxobmm,
wrxenepoM D.I1. Junuenxo (Cumdeponoabcruit duman JuenponeTposckoro
VCH) npm yuacTuu raHg.TexH.Hayk B.J.Moposencxoro (UHMUIII  Topromo-
GHTOBHX 3fiaHM# M TYPHCTCKHX KOMIJIEKCOB), KaHN.TexH.Hayk B.B.Cosomo-
HoBa, XaHp.pus.-mar.Hayx A.E.Ceranopa, kaHn,.TexH.Hayk B.B.®urapos-
ckoro (HWMXE Tocerpos CCCP).

Bce 3aMeuanus ¥ NPENNOEEHUS 1O CONESPXBHMD HacTOoAmMX Pexomenna—
uuft mpocuu manpasasTe B HMMEL no ampecy: Mocksa, 109389, 2-1 Mu -
CTUTYTCKAA yi., R.0, N860paTOPHA EAPOCTORKUX GeTOHOB, KOHCTPYKLM
1 orHecToflkoCTH Xese306eTOHHHX KOHCTPYKIHA,

Bupexuus HIMED



1. OBIME MOJIOKEH IS

I.I. OrHecrofixocTr MHOTONMYCTOTHHX IUIMT NEPEeKpPHTHI nomsHa cooT-
BeTcTBOBaThH TpeGopaHuaM CHuIl 2.01.02-85.

1.2, Tlo renmousoampyome®t u orHenperpaxpanmeft crocoGHOCTH  NpK
IPOSKTUPOBAHMM B COOTBETCTBHX C TpeGoBanusmu CHull 2,03.0I-84 orxe-
CTORKOCTH, MHOTOMYCTOTHHX NAMT NEepPeKpHTHlt 3aBefoMo ofecrneueHa ¥ He
TpeSyeT NPOBEPKH.

1.3. Mo Hecyme#t crnocoGHOCTH OTHECTORKOCTh MHOTONYCTOTHHX MAUT
nepeKpHTHi ONpemeJAnT pacueToM, COCTOAMMM M3 TEIIoTeXHHYecKol I
craTHueckoit uacreit,

1.4, B TenaorexHuuecko#f yacTu pacueTa ONpeAcHADT TEMNEpPaTypy
npojonbHOR paGouefl apMaTyph B KOHCTDYKUMHM NO MCTEUEHWH BPEMEHH T,
nocJye Hayaja OTHEBOro Bo3jeflcTBMA, PABHOTO HOPDMHDOBAHHOMY TNpefexy
orsecroftkocTy.

1.5. B craruvyeckoft uacTH pacuera OnpeleasnNT HECYmMy® CrOCOGHOCTDH
NJIWTH NPH OrHeBOM BoajelcTBuU.

1.6, Harpysku u ycnoBAA ONMpaHusi CIefyeT NPHHUMATL B COOTBETCT-
BMH C KOHKDETHHM IDOEKTOM 3HAHHA U COOPYXEHMA, B KOTOPOM 6yner
NPHUMEHATBCA KOHCTPYKUMA. JAA THNOBHX KOHCTPYRUMHt NMpMHMManT CcoueTa-
HHEe Harpy3oK M ycaoBult onupaHus, KOTOpPOe NMPHBOAUT K HaumeHbmeR or-
HecTolkocTH. [IpH yKasaHuMM pPACUETHOTO 3HAUEHMS OTHEeCTORKOCTH KOHCT-
PYKLUU# B paGOuHX uepTemaX MAM APYTHX NOKYMEHTaX CAEAyeT NPUBOIATH
BeJIWUYUHY HAI'DY3KM U yCJHOBUA ONUPaAHUA, IJA KOTOPHX 3TO 3HAUEeHUE on-
pelesieHo.

1.7. B coorsercTeuu c raaBo#t CHull 2.01.07-85 coueramus narpy-
30K, NpUHUMEEMHe AJF pacueTa OrHecToflKOCTH, ClefyeT PacCMaTPHBATH
KaK ocobHe., B 0co6HX coueTaHHAX HArPY30K JOMYCKAETCA He YUMTHBATH
KPaTKOBPEMEHHHE HArPy3KHM M BKJOUATH JHMb NOCTOAHHHE M BpPEMEHHHe
LMMTENAbHHEe HArpys3kd C KOSPPMIMEHTOM HaJemHOCTH, PABHHM EIUHMIE.

PacueTHHe CONMpPOTUBJAEHHA MATEPHAJNIOB IJA pacueTa OrHecToRKOCTH
KOHCTPYKUMH cremyer npuHuMaTb ¢ Kos(duumeHTOM HagemHOCTH, paBHEM
0,83 no Gerony u 0,9 no apmarype.

1.8. llpenen orHecrofikoCcTH MHOTONMYCTOTHHX INIAT NEpeKpHTHRA, apuu-
POBaHHHX CTepEHeBod apmaTypolf, MOXET HaCTYMUTh MO JABYM MNpHUMHAM:

¥3-38 NPOCKANb3HBAHHA ADMATYDH HA ONOpe NpH¥ HarpeBe KOHTAKTHO-
ro caos GeToHa M apMaTypH RO KpuTHUecKo# TemnepaTypH, [,

U3-38 TEMMNepaTypHOR MOA3yueCTH APMATYPH M PA3PYUWEHHMA N0 HOPMAJb-
HHM CEUEHHAM NDH HArpeBe apMaTypH N0 KpHTHueckolt TemnepaTypH, /. .
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1.9. PexomMeHpauMAMM HeNnb3s NMOAB3CBATLCA NPH pacueTe NepexpurTHlt,
B KOTOPHX IPY OTHEBOM BO3LefCTBHM BO3MOXHO BO3HMKHOBEHHE OTKROJOB,
YMEHbEADMMX PaA3MEPH CEUSHHA HJIX OGHAXAKMIMX apMaTYPY.

Bo3amMoXHOCTD MOABIEHMA NpPHY HarpeBe IAMT OTKOJOB GETOHA MOXHO Ole-
HUTbL pacYeToOM IO MeTOJHKe, NpUBefeHHOR B "PexoMeHAAUMAX IO 3amUTe
GETOHHHX M Xejle306eTOHHHX KOHCTPYKUMH oT Xpynkoro paspyweHHa"™ (M.,
Crpoituapgar, 1979). OrkoaH GeToHa MOryT NpMBOZMTHL K NOTEpE OTHenpe-
rpaxpapmel cnocoGHOCTH KOHCTPYKLMH, K NOTEpe OorHecTofKOCTH no Hecy-
me## crnocoGHOCTH, KaKk CJHEACTBMEe YCKOPEHHOrO NporpeBa apMaTypH.

2. TEWIOTEXHWIECKMA PACYET IUIMT NEPEKPHTIA

2.1. B rennorexnuueckoft yacTH pacueTa onNpefeAADT TeMnepaTypy
NPONOJBbHON apMaTypH B npoJieTe {; W B 30He aHKEPOBKM 7,, Ha TOT
MOMEHT BPEMEHH, KOTJa McuepnHBaeTcsi tpeCyemut (HOpmuMpoBaHHMH) npe-
Jlen orHecTofKOCTH MPH HarpesBe NMEepeKpHTHA MO CTAHAAPTHOMY TeMnepaTyp-
HOMY DEXHUMY TOmAapa. OTOT PERMM XapaKTepU3yeTcA S2BHCHMOCTBHI:

t =345 [g (480T + I) + 20 . (D

2.2. CreneHp orHecTofKocTH X 3faHufl ycraHaBaupapT no CHull
2,08,01-85; ofmecrpenHux szaHuit - no CHull 2.08.02-85. Ilo crenenu or-
HecTolKoCTH 388HMA B COOTBercTBHM C n.2.2 CHull 2.01.02-85 ompepens-
DT TpeCyemuit npemen orHecTOMKOCTH NMT NEPEKPHTHUA,

2.3. TemneparTypy apMaTypHOr'O CTepmHA 7, , DACMOJOXEHHOIO y
o6orpeBaeMol MOBEPXHOCTH TJIOCKOA KOHCTPYKLMM, ONpemensnT no dopmy-
ne

ty = 1250 - 1230 erf X , (2)

rae erf x - ¢yuruma omuGox Cayceca.

2.4, Pacuer TemnepaTypH APMATYDHOTO CTEpPXHA [; BHTOJHADT B
crenyomeit nociaefoBaTeNbHOCTH.

Tennorexnuueckne xapaKTepucTHkM GeToHa, NMPUBENEHHHe K cpegHed
remneparype t,, = 450°C, onpepensor no Qopmynam:

npuBefeHHs?t pacueTHnR xoodduumenr renionposomHocTH, Br/mOC

d, =A+B-t, ., (3)
NpHBenceHHaA pacyeTHasa ynenbHas TenJOeMKOCTb, KMKI‘ OC
C t = C + Jl . tm 9 (4}

rae koafdumentu A, B, C, [ npunmmanr no rada.l npun.I.
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npuBefleHHH pacueTHH! Koo(PUUMEHT TeMnepaTypornpoOBOJHOCTH, u2/u

3,641
57,.6701 = s (5)
(Cf + 0,05 W)ﬂ
rae W - BecoBas BjamiocTh GeToHa B CTalMu aKCrayarTauuu, %, onpege-
arercs no npun.3, CHull 11-3-79% "Crpourenphas renmorexuuxa”;

P - CpemHAR TAOTHOCTL GeToHa (cyxoro), Kr/m>.

2.5. B cayuae oTCyTCTBHS JAHHHX O BHOE SANOJHHTENA M BJAXKHOCTH
GeTOHa B CTagU¥ BKCNAyaTalMH CAEAyET MPUHUMATD 3HAUEHMA KOaPduiMeH-
TOB N0 Tabx.l ans GeTOHOB C BO3MOXHO GOJbilei NAOTHOCTBY M HaWMeHb -
mell BJISXHOCTLD.

2.6. Koappuumenta ¢, , {, onpefenanT B 3ABHUCHMOCTH OT MJOTHOC-
TH cyxoro 6eTora no Tab6n. 2 ¥ 3 npua.l. B cayuae oTCyTCTBMA HaHHEX
0 NJIOTHOCTH GeTOHA CJefyeT NPUHMMATH 3HAUEHHS KoadduimeHTOB aan
GeToHa C HawGoJbmell BO3MOXHOW TJIOTHOCTLD.

2.7. Aprywmenr X dyuruun omubox I'aycca onpenensmot no dopuyne

X = ( y, * (y * Vzds)/Vared)/(Q TU/D,Q),(G)

rae 95 - DMBMETD ApMATYDHOrO CTEPEHS, M; J - PB&CCTOAHHE OT 00orpe-

paeMoft MOBEPXHOCTH Q1O Kpas apMaTypHOTo crepmHA, M; 0,9 - koad-

duuueHT, yunTHBALmMMR yCKODEHHHH nporpes apMaTypH MHOTONYCTOT ~

HHX TIIMT NMO CpaBHEHHMD C NJAWUTAMM CNJOMHOroO ceueHus; T, - npegen

OTHECTOMKOCTH MIMTH NEePeKpPHTHA, OnpefesieHHHRA B COOTBETCTBHH

c yxkasaHusmM nn.<2.l1, 2.2, ,B dacax.

2.8, dynxuus ommbox [aycca BhpamaeTCs HHTErpajoM

x 2
- X
6’ij=»§—[}‘€ ax ., (7
a

Ee sHaueHMA onpepersfoTca mo TabauuaM, Ju60 no anreGparuecKoMy BHpa-
XEHUD:

2
erfx =1 - (1-(348 + A-(748 ) - 96)) - X . 109),  (8)
rre A =1/ {1 + 0,47X)
2.9, TemmepaTypy apmMaTypHOTO cTepEHA [ BHUMCAANT no Gopmyse
(2). Nporpamma pis BuUMCAEHUs {; HA NPOTPAMMUPYEMOM MMKDOKANbKYJIA-

Tope npuseneHa B npua.2, "llporpemma I",
£.10. Temnepatypy apMaTypd B 30He aHKEpOBKM [ ,, NPHU ONAPaAHUM



TUIAT HA Xejle300€TOHHHE pHreau, nuadparmy MM CTeHH, TO eCThb Ha yyacT-
KAX, He NoABepranmyXcCs NPAMOMY OrHEBOMYy BO3AefCTBMD, NMPMHUMADT
t,, = 0,8¢%; , npu onHpaHMX Ha MeTanAMueckue Gamxu ., = 5 .

2.1I. lpu pacrnonomenuu npojosnsHoit paGouelt apmaTypu B ABa paAna
No BHCOTE MJHTH ClefiyeT ONPEeAeNATh TeMuepaTypy crepmHelt xaxmoro psa-
Ia B OTAENbHOCTH. 1A NMIMT, aPMUPOBAHHHX ApMATYPOR pa3sJMUHHX IUaMeT-
POB, mpu cpenHeRt muoTHocT: Geroma P < 2000 xr/m>, caefyeT BHUMCAATH
TeMmneparypy crepxHefl kaxgoro nuMameTpa.

3. PACYET IPOYHOCT/A HAKJIOHHHX CEYEHW.
N0 YBIYBADIEMY MOMEHTY I[PU
OTHEBOM BO3JEACTBUM

3.1. Pacuer ortecrofitxocT# NIMT npH ReACTBMM MITHOADMEI'O MOMEHTA
110 ONacHOMYy HAKJOHHOMY CEUEHWND ROJEEH NPOU3BOJUTLCH H3 YCJIOBHA

Mm = Mg + Mswz , (9)

rae M 1 - naruGaomuit MOMEHT B HAKJIOHHOM cCeuYeHMHM OT JeflcTBHA nocro-
AHHEX M RIMTENbHHX HODMATHBHHX HArpy30K, YUMTHBAEMHX B pacuere
coraacHo yrasauusaMm n.I1.6, 1.7 Hacrosmux Pexomenpaimit.
3.2. Momenr, BoCnpuHMMaemu#t mpomoasHOR apmaTypoft, nepecexammeit
pPacTAHYTYD 30HY HAKJIOHHOT'O CEUEHMA, NpPK OrHeBom Bo3nelicTBHM C yue-
TOM U3MEHEHUR COBMeCTHO! paGoTH apMaTypH ¢ GeTOHOM ONpejenanT  no

dopmyne
Mot = Rs ¥ss Nsse As Zs (10)

rape Ay - pacueTHOe CONDOTMBJEHWEe apMaTypH JJis pacuera orHecroiroc-
™; )ss - xoadduument ycaosuit paGoTH apMaTypH B 30HE flepelauu
Hanpaxenu#t Qs apmaTyps Ge3 aHKepoB, OnpefeaseMult Nno yKas’aHHAM
m.R.28, 2.29 CHull 2.03.0I-84; Z¢ - nneuo BHYTpeHHel napH cux;
¢ - AMMHA MPOEKIMM HANGONee ONacHOro HAKNOHHOTO CEUeHHA; XYg; ;-
koaPummeHT ycnoBuil paGoTH apMaTypH B 30He Nepejauu ycuau# npu
OrHeBOM Bo3fe#tcTBuM, onpejenaseMui no Taén.4 npua.l B saBucumoc-
TH OT TEMNEPATYPH KOHTAKTHOTO CJOS GETOHA M apMaTyph.
3.3. Momenr Mg, , BocnpuHuUMAeMult MOIIEPEUHBMH CTEPRHAMM C paB-

HOMEDHHM maroM B rpefexax pacTAHyTo/ 30HH paccCMATPABAEMOr0 CEUEHHf,

np¥ orHeBoM Bo3feRlcTBuM onpepenserca no fopmyse

2
M.swtzﬁjswlswt//sw'c/(gs), (I1)
rge  Yg,r- KoopduumeHT ycnosuit padorH nonepeuHo#l apMaTypH npH orue-



BOM BoajefcTBMM, rDUHKvaewult paBHeM 0,8,

4, TNPOEKTHPOBAHME MHCTOIYCTCTHLIX ILUIAT [IEPEKPHTIH
C TPEBYEMOM OTHECTOMKOCTEE

4.I. Hecymyo croco6HOCTb MHOTONYCTOTHHX TUIAT NEPEKPHTHR B nepuog
JKCIUyaTaliM, 8 TAKXe OTHECTOAKOCTh CAEfyeT CUYATATb obecrneueHHoft,ec-
a1 COGMDIADTCA YCAOBHA:

her
M =M , (12)
per
Mup =My, (13)
per
M/rl,lnc = M ine,t (14)

Tleppoe ycnoBKe ofecreuubBaeT NPOUHOCTDL TNAMT NPH SKCIIYaTALIMH :

M - makcumanbHu? U3ruGanmull MOMEHT OT PacueTHHX Harpysox; M7¢ .
NPOYHOCTb HOPMAJABbHOTO CEUeHMs NpPH PACUETHHX XapaKTepUCTHKax GeToHa
apMaTypH B CTamMM sxcruryarauuu (Ins npenenbHEX cocTosHu# nepeo#t rpyn-
nu).

Bropoe ycnosue ofecneunBaeT NPOYHOCTb HOPMAJbHHX CEYEeHHMA TpH Bo3-
JleficTeun momapa:

M ?W ~ MPOYHOCTb HOPMANBHOTO CEUEHWS NpPU MoMApe MO KUCTEUEHHH
BpeMeHM [', TIOCJNe Havuala OPHEBOT'O BO3JeACTBUA, PABHOT'O HOPMMPOBAH-
HOMy npejesy orHectoitxoctu.

TpeTbe ycnoBHe ofecreudBaeT NMPOUHOCTb HAKJIOHHHX ceueHull no uarm-
GaomeMy MOMeHTY NpH BoapeficTBuM momapa:

M, in. - usruGaomp# MOMEHT oT NeACTBUR MOCTOAHHHX U AJMUTENbHHX
HOPMATUBHHX HArpy30K B ONAcCHOM HAKJIOHHOM ceueHMH; M fﬁ;c - NPOYHOCTH
OTIACHOT'0 HAKJOHHOIO CEUEHHMs N0 MIrUGanvmeMy MOMEHTY BO BpeMms [, .

4.2. LnA nauT, MMENUHX OJHODANHOE APMHPOBAHHME M0 BHCOTE CEUEHHF

H3 crepmﬁeﬂ OOHOT'O KJjacca ¥ JaMameTpa, YpaBHEHUA MPOYHOCTH MMEDT BUI:
per

M = Ri¥ss As 75, (I5)
Mf": Ry ¥ st As 75t (16)
Minet= R, ¥os ¥sso Ashy * 920 A 1, (17)

rge Rs - pacueTHoe CONPOTMBAEHME NPOROJNbHOM paGouelt apmaTypu nns
CTamMM SKCIAyaTalMy MAX OAA pacueTa orHecwoitxocTu; 4 - dakrtu-
ueckaf Naomajb CeUEHUs npoaonbHoR paGouelt apmatypu; y,. - Ko3p-
¢uiment, yuutuBanmu#t paGoTy BHCOXONPOUHOR apMaTypH NpH HaNpaze-
HUAX BHmE yCJOBHOTO Mpejiefia TeKyuecTu, onpelenseMoft corjacHo



yrasanuam n.3.13 CHull 2.03.0I-84; ¥, - roofbmmenr ycnosut pa-
G6OTH apMaTypH NpH BHCOKOA Temnepartype; y . - xoa(pduumenr ycio -
puft paGoTH apMaTypH B 30He Nepefauyd HanpsmeHu#, onpeneasemut no
dopmyne (23); y,,; - xosddummuenr ycaosu#t paGoTH apMaTYpH B 30He
nepefauM HanpaxeHu#t npu BHCOkoH TemnepaType, onpeaeasemuit 1o

Ta6n.4 npun.l; A,. - niaoman, ceueHHA nonepeuHo#k apmartypH; Z; ,
Zst - NAEYH YCHIMA B apMaTtype OTHOCHTEJbHO LEHTpa TAKECTH Cxa-
ToM 30HH 6eTOH& Np¥ pacyeTe MNPOYHOCTY B OOBUHHX YCHOBUAX M NPHU
pacueTe OrHECTORKOCTH COOTBETCTBEHHO; /7, - pagouad BHCOTa ceue -

HUs .,

llpumeuanue. B ypaBHEHHAX NPHMHATH CAEfyOMMe AONYWMEHUS, KOTOPHEe

CTPABERJAUBH JNIA MHOTONYCTOTHHX NJIUT nepexpwralt ¥ He
NPUBOIAT K 3HAUMMHM IOTDENHOCTAM B pacuere.

CHMZeHHA npouHocTU GeToHa CEXATOR 30HH NpH Noxape
He mpoucxopuT. [lnevo ycunus B npoponsHoRk paSouell ap-
MaType B pACUETHOM HEKJOHHOM CEUEHMHd OTHOCHUTEJbHO
LeHTpa TAMECTH cxaToi 30HW GeroHa Z, = /1, . [inMHa
NpOeKUMM HamGonee OnacHoro (pacyeTHOro) HAKIOHHOTO
cevyeHna NpH pacuere M0 uaruGanmev% MOMEHTY ¢ = 2/,.
llar monepeunoc#t apmatyps S = /4, /2. llonepeunas ap-
MaTypa Kjacca Bp-I muamerpom 4-5 mM.

4,3, BucoTy cmarToR 30HH GerToHA B YCAOBHAX B3KCIAyaTAUU® onpenens—

ot no opmyne

llpu pacuere orHecroftxocTu

R A

X = —>°230 73 X”, LA (18)
PSXSt ﬂs

X, = =——— (19)
g R, &)

rie R U R, - pacueTHHe CONpPOTUBIACHUA MATEPHANOB AJS COOTBETCTBYD-
mero cayuass pacuera; 4 - niomgnab paGouell apMaTypH; b; - WAPYHA
BepxHefl noaku nauTH; ), - koofduuueHr ycaosuft paGoTH apmaTypu,
npuiumaemuil snece paBHeM o, /R, , rme 6 - HanpAmeHde B apMa-
Type OT BHeWHe#t HArpy3KM TpH Tomape.

C yuerom dopmymu (I8) npu pecuerTe OrHecTORKOCTH NPHHIMADT

X,= 0,6 X . (20)

llneuo ycuausa B apMaType OTHOCHTENBHO LIGHTPA TAXECTM CRATOA 30HH
GeToHa onpefeaspT no dopmyrne

I0

Zg = hy, - 0,5X%, (21)
Zsg = Ny = 0,54 . (22)



4.4. Koafhunmenr ycnopuft paGoTH apMaTypH B 30He Nepejaud Hanps-
meHu#t onpejeasor no dopmyne
¥ss (0,25 R, /l?,p + 10) d;

rhe {y - RAMHA ONMDAHMA TJMTH HA HUXEJERAMYD KOHCTPYKLUMD; A,, - nepe-
JaTouyHads NPOUHOCTL GeToHa, OMNpefeNfeMas COrJAcCHO yKasaHMAM n.2.6
CHull 2,03,0I-84; 4, - muameTp &pMATYPHOTO CTEpMHA,

(23)

4,5, HaruGaommu#t momMeHT OT HOPMATHBHOM Harpy3KM B CEUEHMM, TPOXO-
IAmeM yepe3 CRATYD 30HY GETOHA pacUeTHOr'® HAKJIOHHOrO CEUeHUH, npu
PaBHOMEPHO pacnpefiesieHHO! Harpyske onpeneasnt no dopMmyne

Mnl,[nc= 4an%(:[ -‘ZZ‘,—) » (24)

il

2h, +0C,5¢, . (25)

4,6, [nA nauT, MMenmMX ABYXPAJHOE APMHAPOBAHME MO BHCOTE CEYEHUS
#3 crepmHell 1ByX Da3JMUHHX IMBMETPOB M KJACCOB, YPABHEHUA NPOUHOCTH
UMEDT BUZ:

rne l,

per e
M = 'qn()/sow /751 2311032 &/56,2’432252 » (26)
per ,
M{_ ‘—'/‘)sf J/SM /4512“1*’952 J/stQ /]szzstz ’ (27)

per ) ; .
Mm[,t= /‘751 Xsa",r Yssts '451 //m * A152 A/s5,2 Yssta "'/s: haz +
920 Hgw [ hey *hea) /2, (28)

rae Rsry Yssis §s5,00 ds, o As, - XAPAKTEDUCTHKA apMATYPH NEpPBOro pH-
185 Rsps ¥soos Ys5,0 d,, A, - XapaKTepUCTUKU SPMATYDH BTODO-
ro pang; /1,,, N, - PACCTOAHME OT cXaTOf I'DaHM CEUeHHMA RO IIEHTPOB
TAXKECTH apMATYDH MEPBOTO U BTOPOro pANA COOTBETCTBEHHO; Z,,, Z;,-
njaeyo BHyTpeHHell napw cun nns apMATYPH NMEepBOTO U BTOPOTO pAga
COOTBETCTBEHHO ; ¥, » ¥s5;, — KOOPEMUMEHTH ychoBu#t paSoTH  mpu
BHCOKON TemrepaType apMaTypH MEPBOTO PAKA; Y., ¥ss:o— KOBPIM -
LUMEHTH ycnoBuR paGoTH MpH BHCOKOR TeMmepaType apMaTypH BTODOTO
pana.
4,7, Tpu pacuere NPOUHOCTH B YCJOBUAX OSHCMIYATAUMU BHCOTY cxaTolt

3oHu OeToHa onpenensoT no gopmyne

X = ('er J/so‘,r /751 + ’esz 555,2 /7.52 )/(pbb ) : (29)
llpn pacuere orHecroftxocTst BHCOTY c®arToit 30HH NpuHMMapT no fopMy-

II



ne (20).
llneun ycunu# B apvaType AAS COOTBETCTBYDUIMX DPRLOB ONpenessAnT no
dopmyaam:

Zs; = Hgy = 0,6X (30)
2, = hp-0,5% (31)
Zgy = Mg - 0,5X,, (32)
Zsp = Hop - 0,5 X, . (33)

HKoagdunmenta ycnoBuilt paGoTH apMaTyph B 30He nepefieud HampameHuR
JUIf Kaxaoro pAjia M Kjacca apMaTypH B 38BUCUMOCTH OT ee TemMnepaTypH
onpeaeaaoT no Taén.4 npun.l.

4.8. Tlpu ogHOPAZHOM apMMPOBAHMM apMaTypOR DA3NMUHHX KJACCOR M
JUaMeTpPOB NPUHKEMART

hoy = hoy .

[lpu KBYXpANHOM apMMPOBAHMM apMATypoil OJHOIO JuaMeTpa U Kiacca

TIPUHUMANT

Ryy=Rs, , Hs= A

st M52 s Xs.s,1= XSa‘,z

4.9, TlpoexkTupoBaHHE MHOTONYCTOTHHX TUMT fnepekputddl ¢ TpeSyemoft
OTHeCTORKOCTHID BHNIOJHANT B ClelyemeM NOpAnxe.

4.10. MHOTOMYCTOTHY® TJIMTY NEPEKPHTUA [POEKTAPYRT B COOTBETCTBMI
¢ TpeGoBanusamd CHull 2,03,01-84,

4.11. llpu pacueTe NAMT C OAHODANHHM apMUpoBaHUeM apmaTypoR ogHo-
ro knacca u3 gopmya (I6), (I8) u (I9) onpemenanT xoadpuumeHt ycio -
BUR PRGOTH apMaTypH U BHCOKoft TeMmnepaType )i, , npuuumas M. = M, .
Mo Ta6x.4 npua.l onpemenswT COOTBETCTBYMmMyl SaHHOMY KoopuiMeHTy
TEMnepaTypy Harpeea apMaTypd /s , # no Ta6ia.b mpua.l TpeGyemym 13
ycroBult OPHeCTORKOCTY TOMIMHY 3am4THOrO caod Gerowa. lipoeepsir  BH-
nonHenue ycaosus (I2) npu HOBOM 3HAUEHHM TOJNMMHH 3AMATHOTO CJOA Ge-
TOHA 1O yKasawusm n.4.1. Ecau ycrosde He BHMOJHSeTCs, YBEJIMUMBANT
naomanb #s WAK NPOUHOCTH A, npogmoxabholt paGouelt apmaTypu. [ipopepsoT
yenopus (I2)-(14) no ykasamusm n.4.I,

4.12. Tlpu pacuere nauT C ABYXPSIHHM aPMUPOBAHMEM CTEPEHAMUM pas-~
JMUHHX IMAMETPOB M KJIACCOB ONpeleasioT TeMnepaTypy crepsueit no Ta6a.b
npua.] wm BuuMcasOT ee no MeTojuke, npuBegeHHoR B paspene 2. CooT-
Bercreyomie koafpuimenTH ycnopuil paGoTH apMaTypH onpefessnT no
Tabn.4 npua.l. [JpouHOCTH HOPMENBHHX CeueHN! BHUMCHAIT M0 YKA3AHUAM
n.4.6 u npomepsor ycnopus (I2), (I3), Ecnu He Bumosmeno ycnosue (I3),
YBEJMUMBAOT TOJNMMHY 3ANMTHOTO CJOA GeTOHA U MOBTOPANT pacueT; ecJu

12



NpM 3TOM TepecTaeT BHNOMHATLCH ycnoBue (I2), yeesuuusanT niomagb Aau
npouHocTs apmatypy. [locae BemomHenus ycaosu#t (I2) u (I3) BuucasoT
MPOYHOCTb HAKJAOHHOI'O CeUeHMA no U3ruGanmeMy MOMEHTY M IpPOBEPADT B~
nomHenue ycaosus (I4).

4.13. llpu pacueTe MAAT C OJHOPAIHEM apMUpOBaHUEM OJHOT'C KJjacca
Ha NpOrpamMMUpyeMHX MUKpokanskyaaTopax (mpua.l) onpegensaor koadpurm-
esT ycxopu#t paGoTH apMaTYpH no yKasanusM n.4,.11. Buuucasor rpeGye -
Myo U3 ycnopu#t orHectofixocTH TOMIMHY 3amMTHOrO Cros GeTOHA Mo mpo -
rpamve 2 (rpun.2). lpopepAnT BHMOJHEeHWe ycyoBuil no mporpamme 3
(npun.2). Ecom We Bumosnsercs ycsosde (I2), yseauuusawT naomamb WM
NPOYHOCTH APMATYPDH,

4,14, llpu pacuere MIUT C IBYXPARHHM ApPMHPOBAHMEM 1O BHCOTE Ceue-
HUA apmaTypoll pasaMuHHX JMaMETPOB M KJIaCCOB HAa NPOrPAMMUPYEMEX MU~
KPOKANBKYJNATOPAX ONPEAelANT TemMnepaTypy crepmHell kampmoro pama no
nporpamme I (npun.2). Onpegenswr cooTBeTcTByOmMe KOSPPUUMEHTH ycio-
Bu#l paloTH apMATYPH NPH BHCOKMX TeMrepaTtypax no Ta6a.4 npua.I. Bu-
YUCAANT MPOYHOCTbH HOPMaNbHHX ceveHu# no nporpemde 4 (npuxn.2). lipo -
BEpANT BHNoJHeHHe ycnaosus (I3), Ecam ycnoBde HE BHTIONHAETCA, YBEJNH-
UMBADT TOJNMMHY 3aUMTHOIO CJOS GeTOHAa, rNepeMemas apMaTypy BBepX 110
CEeYeHUO ¥ MOBTOPANT pacue?. Ecau nepecTaeT BHNOJHATLCA ycaosue (IR),
yBeJHUMBaKT [10maib NONEPEUHOT0 CEUEHUS MAM MPOUHOCTL APMATYPH K
noBTOPALT pacuer 1o nporpamme 4 (npua.2). locne BumogHeHus ycaopuit
(I2), (I3) BHUKCAADT ITPOUHOCTH HAKJOHHOTO CEUEHWA 1O U3TUGapmeMy MOMEH-
Ty npu orHesoM Bo3fefcreuu no mporpamve 5 (npun.2) u nposepantT yc -
nosue (I4).

4.15. Ecxy mpy pacueTe OTHecTORKOCTH He BHNOJHAETCA OZHO YCAO-
sue (I4), To BO3MONHO NOBHmEHHe OPHECTOMKOCTH He TOALKO MyTeM yBEJaH-—
UEeHUd TOJNMMHH 3AMUTHOTO CJAOA CETOHA, HO M CHEelUa]bHHMU MEDaM4 Mo ycu-
JIEHUD BHKEPOBKA apMATYPH H& ONMODHHX yuacTkax (npupapka paGoueld apma~
TYPH K 38KJAIHEM JNEeTANAM, yCTaHOBKA OOXATHX mailG, BHCanka yTOoMNeHuf#,
yCTPORCTBO KOCBEHHOrO &PMADOBAHHS B 30HE BHMKEPOBKM, YBENMUEHHE HH-
TEHCHBHOCTH TONEPEUHOTO apMAPOBAHNA, yBeJHWueHue Kiacca GETOHA M JP.).

13



[lpunoxenne I

TABJIVLIH S ONPEJNEIENVH TIAPAMETPOB,
VCTIONB3YEMHX TPM PACUETAX

TaGauna I

3HaveHus napamerpos A, B, C, [ naa
onpedenexus koaffMuuenTa Tenao poBof-
Hoct# Br/(m.°C), u ymeapHo#t Tenmoem-
rocru, xim/(kr-°C)

A B c A

Marepuam

Tameauit GeTOH ¢ KPYTHHEM
3aNOJHATENEM W3 CHJIKKAT- 1,20 -0,00035 0,71 0,00083
HHX 10pOjg

p = 2350 kr/m®

Taxenuit 6eToH ¢ KpPYTHHM
3anocJHUTeNEeM M3 KapSoHaT- 1,14 -0,00055 0,71 0,00083
HEX TIOPOJ,

p = 2250 xr/M®

Jlerkui GeTOH C KpPYTIHEM
3anosnATeNeM U3 Kepameura | 0,36 0,00012 | 0,83 0,00042
L = 1600 kr/m®

KepamauronepmroGeron
p = 1200 kr/m®
Jerku#t GeToH C KpPYIHEM 0,18 0,00008 0,92 0,00048
U MENKAM 3anoJHUTENeM
43 KepamauTa
» =750 kr/m°

I4



Koagpuumenr ,

CpepHsfi NAOTHOCTL

Gerona p , Kr/m° ¥
400 0,46
1000 0,95
1500 0,58
2000 0,60
2350 0,62
2450 0,65

TaGmuua 2

Npumeuanue. Hosdpdurmenr ¢, ans npoMexyTOUHHX 3HaueHuit

cpejHelt MIOTHOCTH GeTOHA NPUHUMAETCH

MHTepnoJaAuunu

Koadpuumenr ¢,

CpemHAR NAOTHOCTD
GeToHa o , Kr/u°

500
800
1100
1400
1700
2000

no

Ta6mna 3

lipumeuanne. HoadduimeHT ¢, OAA NPOMERYTOUHHX 3HaUEHWi

cpegtefl nioTHOCTM GeToHA NPUHMMEETCH

KHTEDPMONALMHA

o

15



Ta6muua 4

g m._m m.-m I.*m %._M 8|8 8
- - - - - -
o~ oo ol (@] Rw] (o] Fol (=] Yo (@] [o]
[fel
m QZU-*ZQ my o uﬁmn/. Im Im IW
- - - - -
O oo (@] fe] (o] k&) (@] fol (@] Yol oo
te] [Tel HelEwd wyo [a o
o [3¢] K3t 4.-4 mi,m NJ N WNf— o) R ]
(@) - - - - - L
© 0u~0 ojo oo oo (o] e (@] Ko

Nlponosmenue npua. I

550

9.6
0,5

500

0,75
0,65

450

0,95
0,8

400

1,0
0,85

Hoagdunmentn ycnosuit paGoTn cwgguﬂenon apMaTypH ¥, .

¥ss: NPU TEMNEpaTypax apMaTypH

350

L0
1,0

Crepxuenan

apmaTypa

KJacca
A-n

A-I

TEMNIEpaTyphl BeJIMUHHB KO-

M Y s5¢ TNPHUHUMANTCA MO WHTEPNonA -

0,45
0,40
0,4
0,35
0,3
0,25

, nop uepTolt - ¥sse

0,56
MEXYTOUHHX 3HaueHul

0,65
0,35

0,4

0,9
0,75

0,85

Hap ueproft - ¥
po
MEHTOB Y

1,0

A 0

1,0
adxpuy
1IUU

L9

[lpumeuanue.

Ar-1Y

A-lis
A-TY
Ar-Y
Ar-YI
Ar-YII
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Ilponosmerue npua. [
Ta6nmia 5

PaccTosnus o neHTpa TAXECTH apMATYDHEX cTepkHedt,
COOTBETCTBYDNMe ykasaHHoW TeMmnepaType HarpeBa I
K MOMEHTY BpeMeHH 7,

By Gerosa A TemnepaTypa Harpesa, Is °C
MM 7 350 | 400 {450 | 500 | 550 |600 |650
Tsxeanit GeToH ¢ - 10,75 30 26 22| I8 | IS
CUIVKATHLM 3anoJ- - | I,0 38| 33| 29| 25| 21 | I7?
HUTEJIEM , - 11,5 53| 46| 40| 35 30 | 26 | 2
W =2,0%
Taxenu GeToHn ¢ - 10,75 28| 24| 20| 17 | 14
KapCOHATHHM 3a- - |1,0 36| 31| 27| 23| 19| I6
TIOJHUTEIEM - 11,5 481 431 38| 33§28} 24| 20
w =3,0%
Jerkufl 6eron ¢ 0,75 21 I91 16
KDYTIHHM 3amnon- 10 | 1,0 Bl 4] 21| 18] I5
HUTEJIEM U3 Ke- 1,5 38 34| 30| 26|21 19]| 16
pam3uTa s 0,75 o0 18 15
P = 1600 xr/M%, | 14 |10 28| 23| 20| 17| 15
W = 5,08 1,5 381 33| 29| 25 (21| 18] 15

17



[lpunoxenue 2

MIPOTPAMME JUIA PACYETOB HA IPOIPAMMUPYEMEX
MUKPOKANLEYJIATOPAX MK-54, B3-34

1. Ykasauus no paGore C mporpaMmqamy

JAnn BBOfA nporpamme nepeflTd B pemUM NPOTI'PAMMMDOBAHHMSA HARATHEM
xnasum B/O F [IPT'. BeecTu onepaTop NporpamMH Ha®aTHEeM COOTBETCTBYD-
mux kaapum F ABT. BBecTd UCXOIHHEe OaHHHE B YKa38HHHE DErMCTPH raMf-
T4, 3anycTHTH nporpaMMy HamarTueM kaasuu B/0,C/Il

ANA BBOJA MCXOIHOTO JAHHOI'O B DErMCTp NaMATH clefyeT HalpaTb ero
Y4CNOBOE 3HAUEHHe, HamarTh kiasumy IIx —~II nns muxpoxanmprynsrTopa MH-54
¥ HOMEpP COOTBETCTBYNEErO perucTpa namaTH. LJS PHBOJA pesyJabTare
BHUMCNIEHUA, HAXOAAWEroCA B KAKOM-JIUGO PerucTpe MaMATH cAeAyeT  Ha-
xaTb kaasuwy WI/I ~X nas muxpokanpkynsTopa MH-D4 ¥ Homep cooTBeT-
CTBYDWEro PErucTpa NaMATH. BBOI UCXOZHOTO JNAHHOTO 0G03HAUAETCS CHM-
BOJIOM

X -1,
rfe X - ycroBHoe 0G03HAaUEHWe MUCXOAHOTO JaHHOro; ¥ — HOMEp COOTBET -
cTBypmero permctpa namAmn (0,1,2,3,4,5,6,7,8,9,A,B,C,A4);

E - emuHuN u3MepeHUs UCXOOHHX BEJWUHH M Pe3yNbTaTOB: METp, uac,

MeraHoworon, Merallackanb, rpagyc Uenbcus.

Ecau B onucaHuu nporpamMmb HeT ykasaHull o BHBORE pe3yabTaToB, TO
KOHEUHHt peaysbTaT BHCBEUMBAETCH HA NUCIIEE.

2. BuGauorexa mporpamMm

llporpamma I
PacueT TemmepaTypu apMaATYPHOTO CTepKHA 7
R w3 e b + 3 , 6 X 1A
wis 7 18(3) X 4 + 410 5 X + mI
x G1h| + FVv /8 MO X ur + X
ma o+ 2 4 B 0 . 9 + FV
+ I I 0 . 4 7 X 1 +
FI/X If 7 4 8 X 9 6 - M
X 3 4 8 + Wmn  x I BIl 3
' Do S Y- S 2 3 0 x
2 0 + c/n

Bpoj ucxomHux paMHsx: W =I0; o ~[I; A-NR; B ~N3; C ~I4;
A—~D5; ¢t,~N6; ¥ ~M7; 4,~M8; y,~N9; ¢, ~IA; 7,~ B,

I8



BnemsocTs W BBOJMTCA B JOJNAX, 4 He B %.

Tecr: 0,1 =M0; 1000 ~0I; I =2; 0 =II3; I —M4; 0 —II5;
500 -~ 63 0,01 ~T17; 0,01 —108; 0,5 --09; 0,5--T14A; 1 —1B; B/0;
C/I.

Peaynbrar: 744,

[lporpamma 2

PacueT TOMMMHH 3QMATHOTO CJOA GETOHA MO 38uaHHOM
TempiepaType apmaTypH 7

HeGpars nporpammy I; BmecTo xomanau C/Il B KoHile mporpamMvu BBec-
TH KOMAHIH

me - Fx=<0 89 ided c/n wr I Bll
3 /-l + I Bll 00

BBOA MCXOMHHX JAHHHX: No mporpamMe 1 M JonoJHUTENBHO ts -~ IIC.
B xauecTBe MCXOAHOTO 3HAUSHUA TOJUMHH 3AMMTHOTO CHOA ¥ 7 creny-
eT 6paTh 3aBEJIOMO MEHblice 3HAUEHME, UCMONb3YR MaHHHe Tacn.d.

Tect: JonouurensHo k Tecty nporpamwe I meecry 740 ~IIC,

Pesynprar: I,I1.107%,

Iiporpamma 3
llpoBepka ycnosu#t NpOUHOCTH TIHT, aPMHPOBAHHBIX
oIHOpATHOR apmatypoll ojHoro kjacca
1o a3 Hs X uie 3 2 2 il -
g} X ayts x B - Fx<0 20 1 C/n
nro g I . 7 + - g X J411H8
X s X me - Fx <0 39 2 c/n o
2 X m 2 s M9 s J x?
- 4 X HCc x I} WA i3 4 +
518 S 1 0 + e x + 14 X
0 y 8 5 x I x AlS X 9
2 0 s X + o x - Fx<0
93 3 c/n 0 c/n

Bpog mcxomHmx mauHex: /,10; ¥, ~MI; d,7MR; R, ¥ 135
Ry ~M4; A;~TIS; (R, 6/) ~T6; R,,~M7; Ay, ~T8; L ~N9; ¢, ~HA;
M ~IB; M,, ~IC.

[lporpaMMa NOCAENOBATENLHO BHIOJHAET NPOBEPKY yCJAOBUH:

I.M = M7

2. M, < M/
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3. Mnt,mc < M o

Ha mucniee BHCBeuMBaeTcs HoMep NMEPBOTO M3 HEBHITOAHEHHHX YCJOBUA
(I, 2 vm4 3). L noaydyeHds HA NUCNNEE PASHOCTH MEXLy NIPOUHOCTHI Ce~
yeHus ¥ gelCTBYOmMAM MOMEHTOM HEOGXOQMMO BRMOJAHMUTH KOMAHLY X¢ . Jaa
BHITOJHEHUA YCNOBUE HEOGXOMMMO CKOPPEKTHPOBATH MCXOMHHE AAHHHE "
NOBTOPHTL pacueT. [locJe BHNOJHEHWA BCeX YCJAOBUE Ha aucrijee BHCBEUH-
paercA "O". [lpu Heo6xoaMMOCTM NPOAOIXATH NPOBEPKY AOCJSAYRMMX YCAO-
BUR 0pU HEBHTIONHEHWM TpeAHiymero cieayeT HaxaTb kassumy C/TI.

Tecr: 0,15 - M0; 0,8 ~10I; 0,01 ~IIR; 600 ~M3; 600 ~I4;
61074 ~15; 13—-1I6; 1I~-M7; 0~N8; 6~M9; 0,I~MA; 0,05~IB;
0,04 -IC; B/0; C/IL.

Peayaprar: I; 0,17 ~110; 0,5~0I; C/M.

Peayaprar: 2; 0,8~101; 0,05 ~MA; C/II.

Pesyaprar: 3; 0,1~-IA; B/0; C/II,

Peaynprar: 0.

inc t

[lporpamma 4
PacueT NPOYHOCTH HOPMAJBHEX CEUeHMR MMT C HBYXDSIHEM
cMemaHHBM apMuposanuem M”77, M 4%

HIo WIR X jphg 100 3 X c + WIA
+ 2 + B W - /~/ VI X s
WB - e X + 1} M4 B c 1

y 7 + B - s X 6 X R
X 7136} B - g X m X 3 X

+ c/n

Beom ucxommex pamHux (R, - s ,) ~TII0; (Rsz ¥s60) =I5 A, -T2
hse =T33 /0, <145 1, w083, ~~T6; g, ~T7; R, ~18; Ry, =109;
(8, - 5% )+TA,

PeaynbraTi BauMcneHuf: BHCOTa cxaToM 30HW GeToHa mpM pacueTHoH
Harpyake B perucrpe "C"; M”*" - n perucrpe "I"; M2 - ua mucraee.

St

[lporpamma 5

PacueT NpoYHOCTH HAKJIOHHOT'O CEUEHUA no uapu6anmemy
4
MOMEHTY NDJ OTHeBoM Bo3geltcrsuu M 707

tne ¢
ces vng M3 pd aw x w4 X g
4 + [107:} + I 0 + M x +
s 4 + ma s 1 0 + o x
s + e + R n 4+ FI/x +
HB x mec 1M X + ¢/



lipoponxenne npuin.2
llporpamqa 5 BBOZMTCA mocye Mporpamvel 4.
HexomHue paHHWEe BBOJAT TNocje oTpaGOTKM nporpamumsl 4, TOJNBKO OTJAM-
vaoumecs: o, = [I0; ds~1I; gmfne; xﬁ;—ﬂ?; pbp*-m;
{,~IB; (920+A,, )~—IC. ®
TecTt sABaseTca ofwuM Jis nporpamm 4 u O.
Tecr: 2~+10,..., NIC, B/O, C/IL
Pesynprar:13, 18; C/IL
Pesyabrar: 5,84.
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Tpunoxenue 3
[PYMEPH TIPOEKTHPOBAHI MHOI'OIYCTOTHHX IUIMT
TNEPEKPHTI! C TPEBYEMOA OTHECTOAKOCTER

I. MHOroOmMycTOTHAR NJMTE MEPEKPHTHS U3 JErKOro GeTOHA C OJHOLAM-
HHM apMMDOBAHUEM CTEDHHAMM OOHOTO Kjacca.

Ucxonsre mannue. [lmura sanpoextupomana no CHull 2,03.0I-84. Paa-
weps ceuenns: 6, = 1,15wm, # =0,2wm, h, =0,03m, #, = 0,I8 u;
pacuerHuft nponer ! = 6,08 M, OJAMHA OTMMPEHHA HA XENe300ETOHHHI pH-
reas Iy = 0,08 u. NonHas pacueTHas Harpyska B CTagMM SKCIAYATAIMA
(¥;°01)p = I,08-IO‘2 MH/m; pacueTHas Harpyska nja pacuera OrHecrofl-
KOCTY paBHa MJIMTeNbHO meftcrBypmeft uacTv HopMaruBHo# Harpysku (.= I)
Py = 0,59-107° MH/M. BeTOH Nerkuil Ha KepaM3UTOBOM I'DAaBMM  Kiacca
B20: p = 1800 xr/m3, Ry, = I5 Mila, R, = II,5WMa, R,,=IT Mla. [po-
monpHad paGouas apmarype 7410 A-IY, A, 5,5-10'4M2, Rep = 990 Mia,
Rs = OI0 Mla, ), = I,I5; nomepeunHas apmaTypa knacca Bp-I, mar
§ =0,05wm, A,,= 0,5-107% . Jna pacuera orHectolixoctu R, = 590/
0,9 = 658 Mla.

HaruGanmuit MoMeHT oT mosHo# pacueTHo#t Harpysku AA pacueTa Hpou-
HoC™M B craguM akcmuyararmu M = 0,0499 MH.m, MUsruGapmmit MomMeHT  OT
JuTenbHo pedcrsyomeR yacTu HopuaTHBHO# Harpysku JJjs pacuera OrHe-
crofikocT M,z = 0,027 MH-mM.

[lnura npoexTHpyercs pif npumeHeHus B 3gauuu [I-% creneHu  orHe-
croflkocTy, HopmupoBaHHwll nmpepgesn oruecrofixoctw ¢, = 0,75 u.

BucoTy cxaToft 30HH GeTOHa onpejendeM B CTamuu KCIUIyaTalud 1o
dopmyne (48)

it

-4
X = 810:-1,15:5,5:107" _ 5 51,1072
0,9-11,5-1,15

[lneyo BHyTpeHHefl mapw cHa npH pacueTe orHecToMKoCTH onpefessem
no fopmynam (20) u (22)

Z,s = 0,180-0,6.2,71-107%/2 = 0,172 m

Munumanrioe anavenue xoadduuueHTa ycnoBuit paGoTH apMaTypH M3 yc-

JIOBMA MPOYHOCTH Npu noxape onpegedsem no dopmynam (I3) u (I6)

0,027
Fuo = it - - 0,436
Rs As Zs¢  658-5,5.10-4 .0,1:0,I72

llo rabn.4 npun.l onpegensieM COOTBETCTBYOWYD KPATUUECKYN TeMnepa-
TYPY apMatypH I .. = 580°C. Ompenensem TEMNepaTypy SPMATYPH MO McTe-
UYEeHHH BPEMEeHY, PaBHOYO mpeflery orHecroitxocru 7, = 0,75 u npu  rosmu-
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He samuTHOro cjaos Gerowa y = 0,0IS M, paccrTosHMe NO UEHTpE TARECTH
apmatyps a = 0,02 m, To ma6n.b mpun.I ¢ = 400°C, r.e. 5 < t, .
CnenoBarenbHo, OrHecTOMKOCTh NUIMTH MO HOPMaJIbHEM CEUCHUAM He MeHee
rpebyemot Hopmamu,

llo *a6a.5 npun.l MOXHO TeK®e ONpenesUTb OTHECTOHKOCTD MIAATH
¥, =1,5u, uro Gonsme TPeGyeMOro HOPMaMu mnpegena orHecrodxocrd,

lipoBepsieM MPOYHOCTb HAKJOHHOTO CEUEHUA MO0 U3TUCADEEMY  MOMEHTY
npu OTHEeBOM BozleHcTBUM.

VarnGaomuit MOMEHT B HBKJOHHOM CeueHMM onpeneasem no fopmyne (24)
u (25) npn 1, = 2-0,18+0,5-0,08 = 0,4 m

= 4.0,027- 0.4 | (I - 9,4
nl,inc™ ] Eo'é 6—,-0—5

Koapduumenr ycnosut paGoTH apMaTypH B 30He Tepelau# HANpAXeHuH
onpeneasem no gopmyne (23)

Yes 0, 08

i 210 410y - 0,01
0,25+ 2

’

M ) = 6,64°107° Mi-m

= 0,370

TemnepaTypa apMaTypH B 30He aHKEPOBKH
t,, = 400-0,8 = 320°C

Mo ta6n.4 npun.l onpegeaseM coorBeTcTByomuit kosdPuumenr ycnosuit
paGoTH apMaTypH B 30He f''xepoBKHM Npu Temnepatype [, = 320°C,
¥s5e = 1,0. CHumeHHe NPOUHOCTH 8HKEPOBKM HE INPOMCXOMHUT, CAENOBATENb~
HO, TPOYHOCTb HAKJOHHOTO CEUEHHA MO0 U3TUGaRmMEMY MOMEHTY npu Bo3pefl-
CTBMM TOMApPa B 3aJaHHHX Opeleax oGecrnevyeHa.

OGecrneuena orHecToiiKocTh NMIKTH He MeHee TpeGvemolt Hopvamu
t, =0,75 u,

u

2, MuHoronycToTHas TJMTA NEPEKPHTHA U3 TAREAOro GETOHA C ONHOPAI-
HbM 8PMUDOBAHMEM CTEDNHAMM OJHOTO Kjacca (IPOEKTHPOBAHHE C NpUMEHEe-
HMEM MPOTPAMMAPYEMOT'O MUKDOKANBKYJIATODA) .

Hexoppue panube, [liMra aanpoekrtnposara no CHull 2.03,0I-84, Paa-
MEDH CeueHMs, NpoJeT, ONMPAHME, XapaKTEPUCTUKA MPOLOJALHOTO APMHDO -
BaHUA cM,npumep I.

TlonHas pagﬁeTHaﬂ Harpyska B cragus oxcruyatammu ( y, > I)

P = 1,08°107% MH/m; pacueTHas HArpyska NMpacueTe OTrHecTOAKOCTH,
cocToAmaf “3 MOCTOAHHOR U pauTensHo mellcrByomell uacTH BpemeHHOR Ha-
rpyaku (¥, = 1) P,y = 0,8.10™ Mi/m. CooTBeTcTByOmME pacueTHHe MO-
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meHTH: M = 0,0499 MH.m; M,,= 0,037 MH-M.

Beron Taxenw#t xnacca BR0 c xpymHeM 3anosHUTENEM U3 I'DAHUTHOTO
mebHs, p = 2350 xr/M>, Ry, = 15 Mlla, A, = 11,5 Mila, R, = II Mla,
BramHocTh GerToa W = 2,0%.

llonepeunas apmarypa orcyrcreyeT Ag,= O.

llanra npoexTupyeTcs niA npuMeHeHUA B 3paHWMU I-M cremeHu orHe-
crofirocT. TpeGyemsl HopMmamu npemen orsecroftkocru 7, = 1 u.

OnpenenseM MMHUManbHOe 3HaueHue xoa@duimeHTa ycaoBu# paGoTh ap-
MATYDH TIDX HarpeBe M3 YCNOBUS OTHeCTORKOCTHM, UCHOJNB3YS PeayibTaT
BHUMCJIEHNA TIeua BHYTpeHHefl napu cun u3 npumepa I.

y 0,037
st 7 6555,5-10-2.0,171

llo ra6x.4 npun,l onpenensieM cOOTBETCTBYNIYK KPHTHUECKYD TeMmne-
paTypy apMaTyp [ .= 550°C.

HaGnpaem nporpammy 2 M BBOAMM McXogHHe XaHHhe: 0,02 ~[0;
2350~NI; I,2~IR; 3,5-10'4*H3; 0,71~14; 8,3-10‘4—»115; 450 ~1II6;
0,0I5~-07; 0,0I1—~II8; 0,62 -M9; 0,5—MA; I,0~MB; &550—~IC.

B pesynbrare pacuera nojsyuaem TPEGYeMyD U3 YCNOBMS OTHeCToRKOC-
TH BEIMUMHY 3amMTHOro ciod Gerona y = 0,0I9 m, uTo Gosbme mnpUHATOR
nepBOHauaNbHO, s obecreueHUs yCJOBUS OTHECTOAKOCTH npUHMMaeM
Y = 0,0I9 m. Heo6xomuMo BHUMCANTH TEMNEPaTYPY apMaTypH NpM  HOBOM
3HAUEHUM BEJWUMHH 3aMUTHOrO cJjof GeToHa. Jas aToro npeoGpasyem nmpo—
rpammy 2 B nporpammy I, BBeas B mar 83 komaHny C/Il. Bsomum HOBOE
3HAUEHMe TOJMMHH 32aWUTHOTO ciaos GeroHa y = 0,0I9 +[I7. B peayabrare
pacueTa no TporpaMve yTOUHseM 3HAUEHWHe TemrepaTypH apMaTyp ¢ =
541°C, Onpegensiem no Ta6n.4 cooTBerTcTByLuMA KooddUIMeHT ycaoBuit pa-
Gotu apmaTypu ¥, = 0,603.

HaGupaem nporpammy 3 4 BBOAMM MCXOfHhe gaHHwe: 0,18 ~[I0;
0,603 -NI; 0,0I~M2; (I,I5+5I0)*N3; 655 ~M4; 5,5-107*~15; (II,5.
I,I15)-I6; I1I,0~-1I7; O—~II8;6,08~M9; 0,08 ~MA; 0,0499~1B;0,037~1C.

llocne BuNONHEHMA NpOTpaMMM Ha RUCnJee BHCcBeuusaercs "0". Crneno-
BaTeNbHO, BCE YCJNOBMS BHIOJHEHH; ofecreyeHa NPOUHOCTb MAHEJU B CTa-
[UA SKCTIyaTaluud M OrHecTo#KOCTb He MeHee 3ajaHHo#. OrHecrofikocTb
ofecrneueHa Ge3 yBeJWueHWs pacxofa MaTepuaJoB TOJNBLKO 3a CyeT cMele-
HuA apmaTypHux crepxHeft Ha 0,004 m BBepx no ceueHum.

= 0,60
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3. MuoromycToTHAN NJMTA NEPEKPHTHUA U3 TARENOr0o CETOHa C ABYXDHI-
HHM 8pPMMPOBAHMEM CTEPAHAMM DASHHX KJaCCOB.

Hexonpuie paHHue. [linra sanpoexrtuposaHa no CHull 2,03.0I-84. Pas-
meps ceuenua: 6 = 1,I5wm, # = 0,22 wu, 4, = 0,03, h,= 0,199 u,
ho, = 0,185 M. Pacueruwit nponer !/ = 6,08 M, famna onupaHMA Ha me-
JnesobeTonHuit purenp /, = 0,08 m. [lonwas pacueTHas Harpyaka
P = 0,0151 MH/M; mmrensHo aefeTBYOmAR YACTh HOPMATHBHOA Harpysky
Py = 0,0098 Mi/M.Beron Tamean#t xnacca B25 Ha u3BecTHAxoBOM meCHe,
p = 2250 kr/M%, W = 3%, R, = 14,5 Mla, Ry = 12,5 Mia. Tpogoss-
Haf patouas apMaTyBa: HeHanpsiraemas HumHero psga 4 4 12 A-ll,

Ag, = 4,52-10"4 mM<; Rs, = 390 Mlla, A5 = 365 Mila; Hanpsraemas Bepx-
wero paga 4 6 10 A-Y, Ay, = 3,14.10°% W2, R, = 785 Mlla, A, = 680MIa,
§s¢= 1,15. TomepeuHas apmarTypa kiacca Bpl, mar § = 0,05 m,

Fyw = 0,5-107% ¥, Tipu pacuere orecroitkoctu A, = 433 Mla,

K, = 872 Mia.

HaruGaomu#t MomeHT or mosHoM pacueTHo# Harpysku gas pacueTa Ipou-
HOCTH B cTaguu owcryataimu M = 0,070 Mi-m. MaruGaommt moment or
anaTensHe lebcrsypme#t uacTu HopmaTuBHOR HarpyskM Jsif pacuera OTHe -
crofikocru My, = 0,0452 MH.m.

[lanra npoekTHpyeTCA N NMpUMEHeHUS B 3pjauuu [-# cTeneHd  orHe-
croftxocTy; TpeGyemuit HopMamu npefien orHecro#fixoctu 7, = 1,0 u,

KoaduuneHTH nas TemaoTeXHHUECKOro pacuera onpefesseM no radn.l,
2,3 mpun.l:

A =1,I4; B = -0,00085; C = 0,7I; A = 0,00083; ¢, = 0,617;
¢, = 0,5,

OnipepensieM TennoOTEXHAUECKME XAPAKTEPUCTURM GeroHa no fopmynam
(3) u (B)

de = 1,14-5,5.10" .450 = 0,893 Br/m-C
€, = 0,71 + 8,3-10%.450 = 1,084 xiim/xr-°C
3,6 + 0,893
by = = 1,16-1075 wo/u

(1,084+0,05-3) + 2250

SHaueHue aprymenrTa QyHkiuu omuGox I'aycca jas kaxgoro pAge apma-
Typu onpegeasem no Popmyne (6).

X = (0,617 + (0,015 + 0,5 0,012)/ V1,16 10 )/(21/0,9) = 0,585
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« (0,617 + (0,C3 + 0,5 0,01)/ V1,16 102 )/(271/0,9) = 0,780
X

Buuncaiem sHauenue Qynkumum omuGox laycca mnd Kamioro pAja apma-
typu no Popmyne (8)

A, = 1/(1+0,47-0,585) = 0,784
A, = 1/(1+0,47-0,780) = 0,732 \
erf Xy = 1-(0,784-(34840,784-(748-0,784-96)) - ¢ 0+90%".10°3) -
= 0,592
erf Xy = 1-(0,732.(348+0,732. (748-0,732-96) ) - 60,7807 10-3)
= 0,730

Buuncasiem TemrmepaTypy apMaTypHuX crepmHelt mo ¢opmyre (2)
ts; = 1250 - 1230.0,592 = 522°C
t,, = 1250 - 1230-0,730 = 352°C
Onpenensiev coorBercTayvmue koafduuments ycnosuit paGoTH apMaTypu
LJIA Kaxforo pAga no Ta6ia.4 npuia.l
Y sty = 0,677 ¥sto = 0,998 = I
llepexonum ¥ craTuueckoR uacTu pacuera. OnpefesiReM BHCOTY craToft
30HH GeTOHa B CTAJMM DKCIIyaTallMM M npu moxape mo dopmynam (I8),(20)

e . . .10
X - 365:4,52-107" + 680-1,15-3,14-10™* _ 0,026 u
14,5 - 1,15

1]

X; = 0,6°0,026 = 0,0I56 M
Onpegensem naeuu ycunu# B apvartype no Qopmynam (30)-(32)
Z;,= 0,199 - 0,5:0,026 = 0,186 m ,
Zs = 0,18 - 0,5°0,026 = 0,172 m ,
Zgy= 0,199 - 0,5°0,0I56= 0,I91 m,
Zgy,= 0,185 - 0,5°0,0156= 0,184 ™ ,

Buuucasaem MPOYHOCTL HOPMAJILHOTO CEUECHHA NPU TOXApe no KCTEYEHHUU
BpEMEHH, PaBHOro npefeny orHecrokkocru no dopmyne (27)
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MP = 433.0,677-4,52-1074.0, 1914672+ 1.3, 14-1074.0, 164 =
= 7,56°107° Mi-m = M, =4,52-107% Mi-m
[lpouHOoCTh HOPMANBHOI'O CeUEHUR ofecreueHa.
lpoBepsieM NMPOYHOCTb HAKJOHHOrO CEUYEHHA NpM nowape. Buuucasem Be-
JUUURY U3rubapmero MOMEHTa B pacuyeTHOM HAKJIOHHOM CEUEHMM OT IJauTeNb-

Ho peficrBywmelt uacTu Harpyaku npu xosdduLMeHTE HAREKHOCTH NO HArpY3-
ke f; =1 no dopuynam (24), (25).

y 2+0,192 + 0,08/2 = 0,424 u

i

4-4,52.10° . 94424 | (1 _ 0,424y | 1 17.10% M-
6,08 6,08

Bruucasem koafduumenTn ycnosuit paGoTH apmaTypn B 30He nepefaud
HanpsxeHu®t 1A kamporo psaja apmarypu no fopmyne (23)

Mnl,inc=

0,08
855,1= 365 = 01362
(0‘25. 12’5 + I0) - 0,012
0,08
Yss2= = 0,339

(0,26- 889 4 10) - 0,01
12,5
TemnepaTypy 4 koadduipeHTH ycnosuit paGoTH apMaTypH B 30HE aHKe-
POBKM TIpM BHCOKOH TemnepaType NpuHHMaeM no Taén.4 npuia.l pas  xax-
JOro pana apMaTypH
tan,s = 0,8°522 = 418°C; ¥sse, = 0,832
tan, = 0,8:352 = 281°C; ¥estp = Ls0

TIpOUHOCTD HAKAOHHOTO CEUEHHA MO U3rMGADmEeMy MOMEHTY npu Bo3gel-
CTBUA BHCOKOH TeMnepatypsl Mo MCTEUEHMM BPEMEHH, PABHOIO TpeCyeMoMy
(nopmuposantoMy) npemeny orxecrofixactu onpependem no fopuyne (28)

M,.. = 390-0,362.0,832.4,52.1074.0,199+785:C,312-1,0-
-3,14.104.0,184+920-0,5-104 -0,792 = 3,13-10~ MH-m >

> Mt ine = 1,17-107% MH-m

[lpouHOCTL HAKJIOHHOTO CEUeHHS MO U3MMGANILEMY MOMEHTY NpU noxape
of6ecneueHa. OrsecTollkoCTh TIMTH He Hume TpeGyemoll HOpMamu.
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