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YAK 699,81

[leyuaraerca NO pemeHuMO CeKLMH KOpPpo3Md U crieuderoHos HIC  HMMADL
[occrposas CCCP or 22 anpeasa 1986 r.

PexomeHpallud O NPOEKTHPOBAHMD MHOI'OMYCTOTHHX IJAMT NEpeKpHTHR C
rpeGyemoft oruecrofixocrsn. M., HUMEDL T'occrpos CCCP, 1987,c¢.47,

PeroMeHfAIHK CONEPXAT OCHOBHHE INOJIOXEHMA 10 NMPOEKTHPOBAHHMK MHO-
MONYCTOTHHX AXT neperpHTu#t ¢ TpeGyemo#f orHecro#fXcCToLD. IlpMBene H u
raCaMIH [JA ONpeleleHHs NapaMeTpoB, HCNOXb3YeMHX MpH pacuerax. Ja-
HR TPOT'DAMMH [IAA PacueToB Ha MPOrpaMMMpYeMHX MUKPOKSALRKYASTO P a X
MH-04, b3-34, a Takze npuBeneHH NPUMEPH MPOEKTHPOBAHHA MHOI'OMyCTOT-
HHX TJKT NepexphHTUR c Tpebyemolt orHecrofflkocThN,

[lpegHazHaueHN OXA MHXOHEDHO-TEXHMUECKUX PAGOTHHMKOB IMDOSKTHHX W
CTPOMTENbHEX OpraHusanmit,

TaGxn. O.

@ OpmeHa Tpynosoro KpacHoro 3HameHH
HAYUYHO~-HMCCASNOBATEOALCKUN HHCTATYT

GeToHa M xexesoberoHa (HUMEDB)
I'ocerpos CCCP, 1987



[IPEJACJIOBHE

B OcHOBHHX HampaBJEHMAX BKCHOMMUECKOI'O H COLMAJNIBHOI'O  Pa3BHTHUSA
CCCP ua I986-1990 ronu u Ha nepruon mo <000 roma HaMeueHO NPOROAEKHTD
COBEPmMEHCTBOBAHHE MPOEXTHO-CMETHOI'O nesa, NpelyCcMaATpPHBaTh B IMPOK-
TaX MHPOKOE NpPUMEHEeHHe ITPOrpeCCHUBHHX HAYUHO-TeXHMUECKMX NOCTHReHMH.
[lopumeHMe HANEXHOCTH M 3KOHOMHUHOCTH INPOEKTHHX pemeHui BO3MOXHO
NP KOMNAEKCHOM IMONXOREe M yueTe Ha CT&AMM NPOCKTHPOBAHUA Pa3NKUHHX
$axTOpOB, BO3HMRADMMX B NpoLEcCe 3KCHJIyaTalMd, B YACTHOCTH, BO3MOX-
HHX foxapoB. s ofecrneuyeHMs 3T0ro HEOOXOAMME METOLMKE NPOEKTHPOBA-
HUA KOHCTpyxuMR C Tpebyemoft orHecTrofkocTbD.

Hacrosmue PexomeHpaiiyu cocrTaBJieHH B HONOJHEHHMe U pasBuTHe "llo-
cO0HMA 1O ONpelesIeHMD NpeleJoB OMHeCTORKOCTH KOHCTPYKLUUR, rnpeiejos
pacnpoCTpaHEHUA OrHA 10 KOHCTPYKUMAM M PPYIN BO3ropaeMocTi MaTepHha-
xos (x CHull [I-2-80)", (M., Crpoliuspar, 1985) u "Pexomenpauu#t no on-
pefesieHUD NnpenesioB OrHecTOMKOCTH GETOHHHX U XeJe306eTOHHHX  KOHCT-
pyxuut" (M., CrpoMtuspar, 1986).

PexomeHpariuy o600mapT OMHT TEOPETHUECKHMX M 3KCNEPMMEHTANbHHX
uceyienoBaHu OrHeCTORKOCTH XeJe300eTOHHHX KOHCTPYKUMA, OCHOBa&HHHR
Ha Pea3yabTaTax MHOI'OUMCIAEHHHX OIHEBHX M BHCOKOTEMIIEPATYPHHX HCNHTa-
Hult, BumoaHeHHbx HUMED [occrpos CCCP u Cumpepononpckum buananom
JlHenponerpoBckoro ACH, a Takxe aHanu3a OTEUECTBEHHHX M 3apyCEXHHX

pagor.

[lpennaraemsas meTomMKa pacueTa 3aKJOUAETCHA B OlleHKe HecymeR cno-
COOHOCTH XeAe300CTOHHHX KOHCTPYKUME C yueTOM HMaMeHeHMA ycXoBull COB-
MecTHOR paGoT™H apMaTypH K GeTOoHAa MNMPU Oor{HeBoM Bo3pedlcTBuMM, 8 TaKXe
B o6ecrnevyeHNH NpH MPOEeKTHPOBaHMK TpeOoBaHuit raas CHull 2.03.0i-84
"BeToHHHe K xeleaofeToHHHe KOHCTPYRUMH", CHMIl £.01.02-85 "Mporuso-

noxapese Hopuu™, CHmll 2,01.07-85 "Harpysxm m BOo3neicrsBua” ®  CTaH-
zapra CIB IO00-78 "MpoTrBONOXAPHHE HOPMH CTDOHTEJNHHOI'O NPOEKTKPOBA-
EnA, MeToZ HCOHTAHWA CTPOHTEJBRAHX KOHCTDYKUMA HA OTHECTOAROCTH",

B ocHOBY mMeTomMKM TennoTEXHHUECKOro pacuera nojoxeHa "HHCTPyK-
UMA 1o pacyery PakTHUECKHX HpenedoB OrHEeCTORKOCTH XeJie300€TOHHHX
CTPOKTENbHHX KOHCTpPYKLMR Ha OCHOBE npumMeHeHUSs OIBM"
( M., BHWMIO MBI CCCP, 1I975). CraTHyecKad 4yacTb pac-
yera BunoxHeHa no CHull 2,03.0I-84 ¢ yuerom MaMeHeHHs1 cBOMCTB maTe-

DHANOB M ycaoBuit ux coBmecTHO! padoTH NPH noOxXApe.



B PexomeHpauuax mpupeneHH TaOJHIH, NO3BOXADMME ONEPATUBHO onpe-
NeJMUTh OPHecTORKOCTE NJAMT nepeKpHTHR MM nonolpasp HeoOXoJMMHE Ia-
PaAMETDH CEUEeHHA NIAT IAA obecrneueHHs TpedyeMmoro npepnena orHectofixo-
CTH, & TaKXe NPOrpaMMH IJf BHITOJHEHUA pacueTa OrHecTORKOCTH NMAKMT Ha
NPOTPAMMUPYEMHX MMKPOKAJbKYJIATOPAX,

[l[pumeHenne PexoMeHNALMA NO3BOJUT HA CTENHMKM NPOSKTHPOBAHMA IIOBH-
CHTLH HANEXHOCTH MHOTONYCTOTHHX NAXT NEPeKPHTHR M COXPATHTDL 3ATPATH
HA HX Or'HeBHEe HCNHTEHHUA.

PeromeHgallmM pa3paGoTaHH JOKTOPOM TeXH.Hayk, mpod. B.B.XyxoBum
(HWEE Toccrpos CCCP), kaHaupaToM TeXH.Hayk, nou. 9.90,llaHwxobnm,
waxedepoM 0.1, Jumuenxo (Cumdeponoanckuit duiman Henponerposckoro
HCH) npu yuacTun waHn.rexH.Hayx B.J.Moposenckxoro (LUHHUBII  Toproso-
GHTOBHX 3[8aHMH M TYPHCTCKMX KOMIJIEKCOB), KaHn,TexH.Hayxk B.B.Cosomo-
HoBa, xann.pus.-mar.Hayk A E.Ceranosa, kaHn,.TexH.Hayk B.B.®urapos-
ckoro (HAMXE Tocerpos CCCP).

Bce 3aMeualus ¥ ITpeNAoOEeHUR TI0 CORePEaHun HacToaAmMX PexoMeHja-
uufit mpocmu wHanpapasTy B HMMED no appecy: Mocksa, 109389, <-3 M -
CTUTYTCKAA Vi., 0.0, NA00pATOPHA EAPOCTOAKMX GeTOHOB, KOHCTPYKLuH
U ordecroiixocTH Xene300eTOHHHX KOHCTPYKIIHA.

Jupexuus HAMKD



I. OBUE TOJIOXEHMA

I.I. OrrecroitkoCTh MHOPOMYCTOTHHX IUIMT NEPEKPHTHR NoaXHA COOT-
percTBoBaTh TpeGoBanuam CHull 2,01.0<Z-80.

1.2, llo rennousoampyome#t 1 orHenperpaxnamme#d cnocoGHOCTH  npH
NMPOBKTHPOBAHUK B coorBeTcTBUM c rpedosaHusmu CHull 2.03.01-84 orne-
CTORKOCTDL MHOTONMYCTOTHHX NAMT NepeKPHTUR 3aBeqoMo obecrneyeHa M He
TpedyeT NPOBEDKH.

I.3. llo Hecyme#t crnocoGHOCTH OMHECTORKOCTD MHOTONYCTOTHHX IUIMT
NEepekpuTHR onpenessAnT pacueToM, COCTOAMMM M3 TenJoTeXHuuecKol H
craTuyeckot yacrefl,

I.4. B renaorexHuyecko#t yacTu pacuera onpelesfinT TEMNEPaATYPY
nponoJbHOR padouefl apMaTyph B KOHCTPYKUMM NO UCTEUEHUK BPEMEHH T,
nocne Rayana OTHeBOIo BO3NeHCTBHA, PABHOI'O HOPMHDPOBAHHOMY TMpenexny
OTHecTORKOCTH.

I.5, B craruyeckot vacry pacueTa onpelelfnT HECYMY® CnocoGHOCTH
NMAKTH NPH OrHeBOM BO3ueHdCTBUH.

[.6. Harpysku u ycnoBus ONMpaHUs ClefyeT NPHHMUMATL B COOTBETCT-
BUM C KOHKPETHHM ![1POEKTOM 3J8HHA K COODYXeHUA, B KOTOPOM 6yner
NPUMEHATBCH KOHCTPYKUHMA. [JNA THMOBHX KOHCTPYRUME npuHHMapT coueTa-
HHE MArpY30K H YCOIOBUN OnuUpaHua, KOTOpPOe NPHBOLUT K HauMeHbmeR or-
HecrolkocTH. [lpM yKasaHUM pacUeTHOTrO 3HAUEHMA OrHecTORKOCTH KOHCT-
PYKUMH B paGouMX yeprexax WA APYTHX NOKYMEHTaX clAelyeT NpHBOAUTH
BEJWUNHY HAT'DY3KM U YCJOBUA ONMUPAHMUA, IJA KOTOPHX 2TO 3HAYEHUe on-

pelesneHo.,
I1.7. B coorBercreuy ¢ raaBo#t CHull £.01.07-85 coueraHus Harpy-

30K, NpUHMUMEEMHE INf pacueTa OrHeCTOMKOCTH, ClelyeT PacCCMaTPHBATH
KaKk ocofne. B 0COOHX coueTaHHAX HAIPY3OK OONYCKAETCA He YUYUTHBATDH
KpaTKOBPEMEHHHE HArpPY3KH U BKJOUATH JMMb NOCTOAHHHE K BpPeMEeHHHE
ONUTEAbHEE Harpysx# c xkosdPuiMeHTOM HaOEeXHOCTH, DABHHM €JIMHUIIE.

PacueTHHe CONPOTUBJNEHKUA MATESDHANIOB A pacuera orHecToHKoCcTH
KOHCTPYKLMA caemyer NMpHHUMATL ¢ KO3(PuIMeHTOM HANEXHOCTH, PABHHM
0,83 no Gerony # 0,9 no apmarype.

1.8. llpemen orHecroKocTH MHOTONMYCTOTHHX IUIAT MEpPEeKpPHTHA, apuu-
POBaHHHX CTEPEHEBOR apmaTypo#f, MOXeT HACTYNUTH MO JABYM IPHUMHEM:

U3-38 MPOCKANL3HBAHUA apMaTypH HA Onope np¥ Harpepe KOHTAKTHO-
ro ciof GeTOHA M apMATYpH N0 KpuTHUeckoR remneparypu, [,, ;

H3-38 TEMNEPATYPHOR MOJ3yuecTH aApMATYPH U pPA3DPYWEHUA N0 HOpMaNlb-
HHM CEUEHMAM IDH Harpese apMaTyph A0 KpUTHueckolt TemneparTypH, [, .



1.9. PexomeHIauMAMKH Henb3d TOALIOBATLCA MPU pacueTe nepexpurtult,
B KOTOPHX Ip¥ OrHEBOM BO3neHCTBHM BO3MOXHO BO3HMKHOBEHHME OTKOJOB,
YMEHbIADMMAX PaA3MEPH CEUSHHA HJIK 0GHAXAnmHX apMaTypy.

BoamMOxHOCTD MOABIEHMA NpPY HaArpeBe IJNT OTKONOB (eToHa MOXHO Olle-
HUTL pacYeTOM N0 MeTOAMKe, NpPpuBeneHHOR B "PexoMeHpauMax IO 3amuTe
GETOHHHX M XeJIe306eTOHHHX KOHCTPYKRLMH OT Xpynkoro paspymeHua”™ (M.,
Crpoituapar, 1979). Orkosn GeToHa MOryT NPHBOILMTL K noTepe OrHenpe-
rpaxpapiie CnoCoOHOCTH KOHCTPYKLIMHM, K NoTepe OHeCTORKOCTH N0 Hecy-
me# crniocoGHOCTH, Kak CIeACTBHEe YCKOPEHHOrO nporpeBa apmMaTyph,

2. TEMWIOTEXHUWYECKWA PACYET IUIMT [EPEKPHTH]

£.1. B renmorexHuMuecko# yacTH pacueTa ONpeAeAADT TeMneparypy
NpollonbHO# apMaTypH B mnpoJieTe [, K B 30HEe AHKEDOBKM [,, HA TOT
MOMEHT BPEMEHHM, KOoTJa McuepnHBaeTcs rpelfyemuit (HOpMMpOBAHHHHA) npe-
NeN OTHecTORKOCTH NMpHM HAr'PeBE NMEePEeKPHTHA N0 CTAHAAPTHOMY TeEMIepaTyp-
HOMY PEXUMy TIOXAapa. OTOT PEXMM XapaKTepHU3yercs 3aBUCHUMOCTDLD:

t =345 [g (4807 + I) + 20 . (1)

2.2. CreneHbp orHecrToflkocTy xuAHX 3AaHMH ycraHaBaupawT rno CHull
£.08.01-85; oOfmecTeeHHux 3gaHuMfit -~ no CHull 2,08.02-85. llo crenenu or-
HEeCTORKOCTH 318HMA B coorTBercTBUY ¢ n.<l.2 CHull 2.01,02-85 onpenens-
OT TpeCyemult npepnen OrHecToRKOCTH NAUT NEPEKPHTUA,

2.3. TemnepaTypy apMaTypHOr'o cTepEMA [, , PACTMOJOXEHHOI'O y
o6orpeBaeMot NOBEPXHOCTH MMJIOCKOR KOHCTPYKLUUM, ONpenensnT rno dopmy-
ne

b = 1250 - 1230 erf x (2)
rie &rf x - ¢yHruuMA omuGok [aycca,
2.4. Pacuer Temnepatyph apMaTYpPHOTO CTEpEHA [, BHNOJHADT B

caenyomeRll nocienosaTenbRoCTH.

TenaorexHuueckne xapakTepuCTHKX GETOHA, NMPHBEIEHHHe K cpemHel
remneparype [, = 450°C, onpemensor no Popmynam:

npuBefleHHH! pacueTHu# xoadduiMeHT TensonpoBomHocTH, Br/mMCC

A, =A+B -1, (3)
NpMBeNEHHAA pacueTHas yaelbHas TenJoeMkocTb, kKIx/kr °C
C?’J=C+|Hi'—£ﬂ7 y (4)

rae xoapdurments A, B, C, A mpunumanT no rada.l npua.l.



1y

npuseeRHH pacueTHHl! kosdduuMeHT TeMnepaTypornpoBOAHOCTH, uz/ﬁ

; 3,6 41 (5)
red (C, + 0,00W) p '
rge W - Becopas BAGXHOCTbL GeTOHA B CTAlMH 3KCrayaTaumuu, %, onpene-

AfAeTcA no npuna.3, CHull -3-79% "CrpoureapHas TENnIoTEeXHUKA";

P - cpeaHAs TMIOTHOCTbL GeToHa (cyxoro), kr/m°.

2.9, B cayuae oTcyTcTBUA JAHHHX O BHIE 3AMOJHATENR U BJIAXKHOCTH
6eTOHa B CTanMy¥ BKCIJIyaTalHHd CAelyeT MPUHUMATDL 3HAUEHMA KOdPPuLIMeH-
ToB no Tabx.l Ons 0EeTOHOB C BO3MOXHO GoJbiied NAOTHOCTBO M HAMMEHb -
mel BJAXHOCTLD.

2,6. Koappuumentn ¢, , ¢, onpelenswnT B 34BUCHMOCTH OT IUIOTHOC-
TH cyXoro 6eroxHa no 7Tabi. 2 ¥ 3 npua.l. B cayuae oTCyTCTBHA NAHHEX
0 NJOTHOCTH GETOHA ClelyeT NPUHMMATDH 3HAUEHHA KoaPPuUlMeHTOB A
GeToHa C HanGoJabmel BoamMOoxnO# nJoTHOCTHLRO,

2.7. Aprymenur X dyHruun omubox ['aycca onpenenspor no dopmye

= (g, (v 00/ Vi )/ (2V0,709), ()

roe 45 - pMaMeTp apMaTypHOTO CTEpPEHA, M; [ - PACCTOAHHE OT oGorpe-
paemolfl NOBEPXHOCTH N0 Kpas apMATYpHOTo cTepxHA, M; 0,9 - Koaf-
buIIMeHT, YUUTHBADMKA YCKOPEHHHR NporpeB apMaTyphH MHOTOIYCTOT -
HHX TIJIMT 10 CpaBHEHKO C NAATaMM CIJOMHOI0 CeueHuda; 1, - npeaexn
OrHECTORKOCTH MJIMTH MEepPEeKpPHTHA, onpeneseHHHER B COOTBETCTBUH

c yka3aHuAMM nn.<.l, <.Z.,B dacaxX.
2.8. Dynruus ommGox aycca BupaxaeTcs HHTErpajoM

X 2
. 2 -
erjx_jig ax (7)

Ee gHaueHHs ornpenessnTca nMo tadauuam, Ju6o no anredpanuecKoMy BHpa-
KEHUD :

x< -3
eryx =1 - (A (348 + A-(748 ) - 96)) - X . 10°9),  (8)
rne A =1/ ({1 + 0,47X)

2.9. TemnepaTypy apMaTypHoro crepxHs T BHUMCAANT no fopmyne
(2). lporpamma Ans BHUMCAEHMA ; H& NPOrpaMMUPYEMOM MMKPOKAJbKYJIA-
Tope NpusBefieHa B npua.2, "llporpamma 17,

2.10. TemmepaTypy apMaTyph B 30He aHKEpOBKM [ ,, NPH ONUPAHUM



MJIXT HA XeJIe300€TOHHHE DHreJau, nuafparmy UJAM CTEHH, TO €CTh HaA yyacT-
K&X, He nojBepranmuxcA NMpPAMOMY Or'HEBOMY BO3NeHCTBMNL, NMPUMHUMADT
ton = 0,8 t5 , NpH ONHpAHMM HA METANAMUEeCKHe Ganku L., = 7. .

<.11, Ilpu pacrnonoxeHun mpogmonbHoit paGouek apmaTyph B nBa psAna
No BHCOTE IUIHTH CJeAyeT ONpelesATh TemnepaTypy crepxue#t xaxmoro pa-
I1a B OTIHeJNbHOCTH, 15 niauMT, apMHpPOBaHHHX apMaTypoll pasJMuHHX IuUameT-
pOB, npu cpenHel nuoTHocTH Gerona P < 2000 Kr/m°, CAeyeT BHUMCHAATD

TEMNEpaTypy crepxHefl kaxnoro guameTpa.

3. PACYET IPOYHOCTY HAKJIOHHHX CEYEHMM
[0 YBTYBADUEMY MOMEHTY MPH
OTHEBOM BO3JEACTBUH

3.1. Pacuer orxecrofixocTy nauMT npu JelcTBUM M3rKGapmEro MOMEHTA
M0 OMACHOMY HAKJOHHOMY CEUCHUN NOJEEH NPOM3BOAUTLCA M3 YCJAOBHA

Mut = Mg + Mswer , (9)

rne M i - HarubaomuRk MOMEHT B HAKJOHHOM CeUYeHMH oT feflcrBua nocro-
AHHEX ¥ QAMTENABHHX HOPMATHBHHX Harpy30K, YUMTHBAeMHX B pacuere
corjacHo yralaHusM™ n.l.6, 1.7 Hacrosmux Pexomenpaimil.
3.2. MomeHT, BOCnpMHUMaeMH#t nporoxbHOR apmaTypolt, nepecexaomefl
PACTAHYTYD 30HY HAKJOHHOI'O CEeUYEHMA, NMPK OTHEeBOM BO3ReACTBHM C yue-
TOM M3MEHeHUs COBMeCTHOR paGoTH apMaTypH ¢ O0eTOHOM onpepeiAnT o

Popmyne
M&'i‘:)?sdls.ﬁ“ J.s&;t /ﬁ?.s Z.s ’ (IO)

roe Ag - pacueTHoe CONpPOTMBJAEHUME apMaTypH AR pacuera orHecToHxoc-
™M; Y., - kospduuueHT ycnosuit paGoTH apMaTypH B 30HE Mnepenaydu
HanpaxeHu® 1naf apMaTyps Ge3 AaHKepOB, OnpenesseMHl Mo yKal3aHUAM
m.2.28, 2.9 CHull £.03,0I-84; Z; - naevo BHYTpeHHel mapH CHJ;
¢ - IJIMHA NPOEKLMM HaWboJee OMNACHOI'O HAKJIOHHOTO CEeUEeHHA; N5 ¢ -
koapduumeHT ycnoBu paGoTH apmMaTypH B 30HE Nepejaud YCHAMR npu
Or'HeBoM BoajeficrBun, onpefpenseMuit no radn.4 npuia.l B 3aBUCUMOC—
TM OT TEMNEPATYPH KOHTAKTHOrO CJOR OeToHa U apMaTypH.
3.3. Momenr AN ;,: , BocnpuHUMAEMHl MONEpeUHHMHM CTEDEHAMM C paB-

HOMEDHBM marom B npelenxax pacTAHyToA 30HH pacCMATPABAEMOI'0 CeueHusd,

np# OPHEBOM BO3feACTBUM onpepenseTca no Qopmyae

M&wt:psw(ﬁ/swt HSW'CE/(25)1 (I1)

rae ¥ .r- KoopduMIMeHT ycnoBu#h paboTH MonepeuHol apMaTypH NPU OrHe-



BoM BoapeficTBuu, MouHkvaewMiuit pasHmMm 0,8,

4, TIPOEKTHPOBAHUE MHCTOIYCTCTHLX I[UIMT [EPEKPHTHA
C TPELYEMOA OTHECTOMKOCTLD

4.l. Hecymym crnoCo6HOCTbH MHOTIONYCTOTHHX TJIMT NEPEKPHTUR B nepuom
SRCTAyaTallu, a8 TaKxe OTUHECTOMKOCTb CJellyeT CUATaTh obecrneueHHo#,ec-

JA COOGMDISDTCHA YCJHOBHSA:
per

M = M : (I2)
per

My =M ¢ ) (13)

M nl o, LAC = M fjj} r (I4)

llepBoe ycnoBue obecrieuuBaeT NPOUHOCTL TUIMT NMPU BKCrJAyaTaluH

M - makcumanbHHA U3THGapmuit MOMEHT OT pacueTHHX Harpyaok; M7 -
NPOYHOCTb HODPMAJNDLHOI'G CEeUEeHUA MPU PaCUETHHX XapaxKTepucTdkax GeToHa MU
apMaTypH B CTamMM sKxcrayarauuu (Ias npenesbHHX cocrosHult nepsolt rpyn-
MH) .

Bropoe ycaoBue ofecrieuuBaeT MPOUHOCTbH HOPMAJIBHHX CEUYeHUR npU BO3-
neficreun noxapa:

M ?ﬁ' ~ MPOYHOCTb HOPMAJIBHOI'O CEUEHUA NpPU roxape IO MCTEUECHHHM
BpeMeHM ", TocNe Hauvaja OrHeBoro BO3JEACTBUA, PABHOI'0 HOPMMPOBAH-
HOMY npelieny orHecTolKoCTH.

TpeTbe ycnoBuHe oOecCrneuudBaeT NPOUHOCTL HAKJOHHHX ceueHul no uaru-
fammeMy MOMEHTY TNpyH BoaneficTBUM noxapa:

M,; i»n - uarubaomui? mMoMeHT orT IeHCTBUA IMOCTOAHHBX U IJAUTENbHHX
HOPMATHUBHHX HArpy30K B ONACHOM HaKJOHHOM ceueHUM; M fefﬂ - TIPOUYHOCTbH
OMACHOT0 HAKJOHHOI'O CEeUeHHMs Nno MIrudammeMy MOMEHTY BO Bpemsa [, .

4.2, AnA nAUT, MMEDUUX OJHOPAOHOE APMHUPOBAHHME MO BHCOTE CEUEHHUS

M3 crepxHel omHOro KJacca M JMaMeTpa, YpPaBHEHUS MPOUHOCTH MMEBT BUI:
per

M = K5 ¥ss Hs 2 : (I5)

Mf-‘."f‘: /;)ab fiYSf /"/3 Z:;t g (16)

Mine = R, ¥ss Ysse Asty 920 A5 11, . (1I7)
rone Rg - pacueTHoe COTNpPOTUBAEHHME NPONOJABLHOR pabouelt apMaTypH 82!

CTaOMM SKCIUyaTallMd MJM IJA pacueTa orHecrofikoctu; 4 - daxTu-
ueckad NAoOmaAb CeueHus npofosipHOR paGouelt apMaTypH; y,. - KO3]-
fuimenT, yudTuBanmU# pacoTy BHCOKOMPOUHON apMaTypH NMPHU HANpAxe-
HUAX BHmEe YCHACBHOTO Npejesia TeKxyuecTHd, onpenenseMol cornaacHo



Z st

yxasanuam n.3.13 CHull 2.03.0I-84; ¥ ., - kosdduimenT ycnosuit pa-
GOTH apMaTypH NP BHCOKO# Temnepatype; (.. — KOIPOULMEHT ycho -
Buft paGoTH apMaTypH B 30He Tiepenauyd HanpaxeHuH, onpenesasemuit no
gopmyne (23); x..; — KoadfuuMeHT ycaosu#t paGoTH apMATYPH B 30He
nepefaud HanpAxeHu#t npu BHCOKoOR Temneparype, onpeleiseMHi# 110
rabn.4 npun.l; A,, - NJIomanb CEUEeHUs nonepeuHo apmatypH,; Z; ,
- MJEUH YCHIANA B apMaType OTHOCUTEAbHO LEHTpa TAXECTH Cxa-
Tof 30HH OeToHa MpPU pacueTe NPOYHOCTA B OOBHUHHX YCJIOBUAX U IPH
pacuere OrHecTORKOCTH COOTBETCTBEHHO; //, - paboyas BHCOTa ceue -
HUSA .

llpumeusHue. B YpaBHEHUSX NPHHATH CcaenymmAe HAOMNYMEHUA, KOTOpHE

CNpPaBENAUBH IR MHOT'ONYCTOTHHX NJAUT nNepepuTHR U He
NMPUBOOAT K 3HAUMMBM [MOTPENHOCTAM B pacuere.

CHUXEHUA NPOUHOCTU OeToHA CXATOR 30HH NpH roxape
He npoucxoau?. llneuo ycunvus B npoponsHolt paloueR ap-
MAType B pACUETHOM H8KJOHHOM CeUeHUH OTHOCHUTEJBHO
LHeHTpa TAXECTU cmaTol 30HH OeroHa 7, = h, ., [LnuHa
NpoeKUMH HamGoJee onacHoro (pacueTHOrQ) HAKJIOHHOIQ
ceueHUda NpH pacuere 110 Harudanmevg MOMEHTY ( = Z/,.
llar nmonepeuno apMatTypw & = /,/<. Tlonepeunan ap-
MaTypa kaacca Bp-I nuamerpom 4-~0 MM.

4.3. BHcoTy cxaToll 30HH GerToHa B YCJAOBHAX BJKCMAyATAUMK Onpenend-
nr no Popmyane

[lpu pacuere orHecToflkocTH

K A
Y = S 3/.5:{5! S ' (I8)
Ry by
R A
X, = - sﬁ!st b'{ ? (19)
b J

rie R, U N, -~ pacueTHHE CONPOTUBJICHUA MATEPUANOB HJid COOTBETCTBYD-

mero cayyas pacuera; 4 - niaomanb padouelt apmaTypH; 0, - whpuHa
BepxHeRl nOAKM MAMTH; )., - kKoo@pduuueHT ycaopuMt paGoTH apMaTypH,
MpuHUMaeMuit 3nech paBHwM o, /A5, , THe 6. - HanNpAKEHHe B apMa-
TYpe OT BHemwHeR Harpysky npu mnoxape.

C yuerom dopmymu (I8) npu pacuere oruecToBXOCTH NPUHMMADT

X,= 0,6 X . (20)

[lneyo ycuaus B apMaType OTHOCHTEJNbHO LIEHTPa TAKECTM CXATOR 30HM

6eToHa onpelelAnT no gopMmyae

I0

Zy = h, - 0,5X , (21)
ZJT f)ﬂ - O’5Xf . 2:“;)



4.4. Koafpumenr ycropuft paGoTn apMaTypH B 30He nepejaud Hanps-
xeHult onpenenswr no popmyne

[
Xss* = ‘ : ? (23)
(0,25 Rs /Ry, + 10) ds
rae {y - RJIMHA ONUPAHMA MJUTH HE HUXEJERamyD KOHCTPYKLMD; £,, - nepe-
JaTOUHAasA NPOUHOCTL OeToHa, omnpepeasemMas COrNACHO YKA3aHHAM N.2.O

CHull 2.03.01-84; d; - nuameTp 8pMATYPHOrO CTEPXKHA.

4,5, HaruGapmu# momeRT 0T HOpPMATUBHOR HArpY3KH B CEUEeHUM, TPOXO-
IAneM uepe3 CXATYD 30HY O€TOHA pacueTHOro HaKJIOHHOI'O CEeUeHUs, Npu

pPaBHOMEDHO pacnpenenerHoll Harpyske onpepesasant no dopmyne

M ni, e 4M ,, }{i (I '“;"'f' ’ (24)

roe [, =2 h, + 0,51, . (25)

4,6. lna naur, UMEeODUX ABYXPAOHOE apMHUpPOBAHME MO BHCOTE CeUeHHUA
U3 crepxHeR NBYX PA3JUUHHX OUEMETPOB M KJ&CCOB, YPABHEHHUA NPOUHOCTH

UMET BUIL:

per

M = R §s61 Asi Zsi 7 Rsa §se,2 Hsy Lo (26)

Mfrzp” Yser o1 Zstr * Rso Ysto Hso Zsta (R7)
M::::t= Ksi Xsf,r ¥sst1 Hsg Hor * R, 5/55.,.2 ¥sstz sz Mo

* 920 Hsw (D, *hes) /2 (28)

rae Rsrs Yss19 K510 d¢, y Hg, - XapaKTEPUCTUKM APMATYPH NEpPBOro pf-

A3 Rz Ysear ¥ssp 0 952 H,, - XapaKTEePUCTUKHA ApMATYPH BTODO-
ro pap&; /,,, /7,, = PACCTOAHAE OT CXATON I'paHH ceueHUA A0 IIEHTPOB
TAXECTA ApPMATYDH NEpPBOTO U BTOPOI'O PANA COOTBETCTBEHHO; Z,,, Z,, -
nieuo BHYTpeHHeR napH cuy nnf apMaTypH NepBoro U BTOPOro psAla
COOTBETCTBEHHO ; ¥ .., » ., , — KoopduiMeHTH ycaomuit paGoTH  nipw

BHCOKOM TemmepaType apMaTyph MepBoro pAfa; X . ,» cs;,— KOPDH -
uMeHTH ycnosudit paloTh npu BHCOKOK TeMmnepaType apMaTypH BTOPOTO

pAa.

4,7. llpu pacuere NMPOYHOCTH B YCJIOBUAX DKCNIyaTalMM BHCOTY CxaToi
30HH 6eToHa onpenensoT no gopmyxne

X = (A)SI (r&'ﬁ,f /75‘! * ES.? (5/55,2 /{?3-? )/(/be ) ' (29)
[lo pacueTe OrHeCTOMKOCTH BHCOTY cxaTof 30HH NMPUHMMADT no GopMmy-
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ne (20).
[Ineuyn ycuau# B apmaType NI COOTBETCTBYDIIMX PRILOB ONPEREIADT NO
popMysiaMm

Zgy = Hop = 0,6 X (30)
2., = h,, - 0,5X |, (31)
Za, = Ny = 0,5 X, (32)
Zsrp = Hop = 0,5 X, . (33)

KoadpdurmeHTa ycaoBuil paGoTH apMaTypH B 30HE Tepefieud HanpAmeHui
INIA Kaxnoro pAla M KJjacca apMaTypH B 34BUCHMMOCTH OT €e TeMNepaTypH
onpeneNsapT no Taén.4 npua.l.

4.8, Tlpy ogHOPANHOM apPMAPOBAHMU apMaTypoR passMuHHX KJacCOBR M
IAAMETPOB NPUHUMAKT

/fﬂ! = bﬂ?

[lpy BBYXPARHOM aApMUPOBESHHU apMaTypod OJHOrO auaMmMeTpa M KJacca

NPUHUMAIT

A)'”z/?ﬁ? ’ /L/sz//é’-? c X.Sé'}f: 3/56‘:,2

4,9, llpoekTHpoBAHKE MHOTONYCTOTHHX NAUT fepekpHTdR C TpeSyemolf
OTHECTORKHOCTHI BHIOJHAOT B CcaelywmeM NOpsRKe.

4.10. MHOTONMYyCTOTHY® NJHTY NEPEKPHTUA ITPOEKTAPYOT B COOTBETCTBUX
¢ tpeSosanusmy CHull 2,03,01-84.,

4.11. llpy pacuere NJUT C OIHOPAINHHM apMMpoBaHHUeM apMaTypoh ogHO-
ro knacca w3 dopmyan (I6), (I8) u (I9) onpegeasor xosdPuLMeHT ycCno -
Buil PRGOTH apMaTypH npu BHCOKOH TemnepaType ¥, , npuHamas M, = M, . .
[lo ra6x.4 npua.l onpenensT COOTBETCTBYOMY® HAHHOMY XOa@PuiiMeHTy
TEMNepaTypy Harpesa apMaTypu /; , ¥ nmo Tatén.d npua.l TpebGyemyn U3
yCAOBUR OTHECTORKOCTH TOMIMHY 3amydTHOrO cnos OeToda. llpoBepsiwT  BH-
nosHenye ycaosus (I2) npu HOBOM 3HAUEHMM TOJMMUHH 3aWMTHOTO cJjaof Ge-
TOHA 10 yKa3aHUMM n.4.1. Ecau ycaosude He BHIOJAHAETCH, YBEJUUABANT
MAOWAaRb #s WAM NPOUHOCTL K, TPOROAbHOR pabouelt apmarTypu. l[ipoBepswnT
yeaoBun (12)-(14) no ykasanusm n.4.I.

4,12, llpu pacuere naIUT C ABYXPSAIHHM a&pMUPOBaAHMEM CTEpRHAMU pas~
JAUHHX IMAMETPOB M KJACCOB ONMpelessinT TEMnepaTypy crepxHe#t no taba.o
npua.l WM BHUMCIANT ee No MeTOlUKe, npusencHHoR B paspene 2. CooT-
peTcTByomde koadduimenrn ycnopuil paGoTH apMaTypH onpeRessiouT no
Tabn.4 npua.l. pouHOCTH HOPMANBHHX CEUEHHWR BHUUCIAKNT MO YKA3AHUAM
n.4.6 u nporepspr ycaoeua (I12), (I13)., Ecau He BumoaHeHo ycnoBue (I13),
YBEJUUMBANT TOJMUHY SIANUTHOTO CJOA 6eTOHA U NOPTOPANT pacueT; ecJiM

I2



NpY 3TOM NepecTaeT BHNONHATHLCA ycaoBue (I2), yBesuuusanT naomanb UM
npouYHocTs apmarTyph. [locae BemoxHeHus ycaosut (I2) u (13) BHuMCAALT
MPOYHOCTL HAKJIOHHOI'O CEUEeHMA No U3rudavmeMy MOMEHTY M IPOBEPADT BH-
nonrHeHde ycaosusa (I4).

4,13, [lpu pacueTe NMIUT C OTHOPAIHLM apMHpoBaHHeM OJHOI'O Kjacca
Ha& TIPOrpaMMUpYyeMHX MUKpokanbkyaaTopax (mpua.l) onpegedsot koagduim-
eBT YCcAOBMR paGoTH apmaTypu no ykasaHusm n.4.ll. Bouucasor rTpebGye -
MyD U3 ycaoBu#l orHecTofixoCTH TOJUMHY 3AmUTHOrO CNOA GeTOHa 1o npo -
rpamme 2 (npun.l). [lpoBepaAnT BHIMNOJAHEHHE yCNOBUR 10 mporpamme 3
(npun.2). Ecau Me BHnoinAeTcHs ycJqosue (I2), yBeauuuBawT nuomaib UM
NPOYHOCTh APMATYPH.

4.14, [lpu pacueTe NAMT C IBYXPANHHM apMHpPOBAHMEM M0 BHCOTE Ceue-
Hus apmarypolt pasIHMUHHX AUEMETPOB M KJIACCOB Ha NMPOrpaMMUPYEMHX MU-
KPOKANBKYJNATOPAX ONpefeliANT TeMrepaTypy crepxHell kaxporo paaa o
nporpammMe I (npun.2). OnpenensoT cooTBeTcTByOIMME KO3QPULUMEHTH ycro-
B paGoTH apMATYpPH NP BHCOKUX TemiepaTypax no radxa.4 npun.l. Bw-
YUCAANT MPOYHOCTBH HOPMAJNBHHX ceueHu#l no nporpamve 4 (npun.2). llpo -
BepADT BhnoHeHHe ycuosug (I3). Ecam ycnosue HE BHNOJHAETCA, yBeau-
UMBADT TOJMMHY 3AMUTHOTO CloS GeTOHA, NepeMemas apMaTypy BBepX 1o
CeueHUn ¥ NMOBTOPADT pacue?. Ecax nepecrTaeT BHnoJIHATbCH ycaosue (IR),
YBeJHUMBANT Naomanb NONEpPeuHOro CEUEHHUS WJA MPOYHOCTbL apMATYDH "
noBTOPANT pacdeT 110 nporpamMe 4 (npun.2). locae BunoaHeHus yciaopuft
(I2), (I13) BHUKCHADT ITPOUHOCTL HAKJOHHOT'O CEUEHMA N0 H3THOapmeMy MOMeH-
Ty npu orHesoM BozielicrBuyu no nporpamMe S (npun.l) U NpoBEPANT yC -
nopue (I4).

4.15. Beau npy pacuere orHecToHOCTH He BHMOJHACTCA O0IHO YCAO-
Bue (I4), TO BO3MONHO MOBHmMEHME OTHeCTONKOCTH He TOJBKO NMyTeM YBEJH-
UeHUA TOJMMHH 3AMUTHOIO CJOSA GEeTOHA, HO ¥ CNelMasibHHMU MepaMyd Nno ycu-
JIEHVD BHKEPOBKM APMATYPH HA OINMOPHHX yuacTkax (mpusapka paGouefl apma-
TYPH K 3aKjanHeM JeTANAM, yCTAHOBKA 00xaThHX mafl6, BHCamka yTomneHult,
ycTpocTBO KOCBEHHOT0 aApPMHPOBAHKA B 30HE AHKEPOBKU, YBEJNHUEHHE UH-
TEHCUBHOCTH TONEPEUHOTO APMUPOBAHMUA, yBeJMueHue Kjacca GEeTOHAa M JP.).
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[lpunoxeHue I

TABJIVIN i1 OIPEJENENHVH TIAPAMETYOB,
VCIIOJIb3YEMHX TP PACHETAX

TaOauna 1

3HAUEHNUS napamerpoB A, B, C, A paa
onpelleNeHus Koa@PMLMUEeHTa Tenao poBOJ-
HOCTH BT/(M.OC). U yoeabHOR Tenaoem-

kocru, xix/(kr.°C)

IS N R

TameanR CETOH C KPYTNHHEM
3aNOJHUTENEM U3 CHJIMKAT- 1,0 -0, 00035 0,71 0,00083
HHX TOPOSR
p = 2350 xr/m°
TaxesH? 6ETOH C KPYIHHM
1,14 |
36

Marepunanu

3anoliHuTeneM U3 kapbSoHar- -0,00055 0,71 0,00083

HHX TOPOJ,
o = 2250 kr/m°

Jerkui? GeTOH C KPYITHHM

3aMO0NKATENIEM K3 KepaMmeuTa Q,
o = 1600 xr/m®

KepamauTonepmroteToH

£ = 1200 kr/m°
Jlerku#A 6eTOH C KpYTHHM 0,I8 0,00008 0,92 0,00048
M MEJNKUM 3arojHUTeNeM

13 KepamsuTa
p = 750 kr/m°

0,000I2 | 0,83 | 0,00042

I4



Tatautia

Hoofpuumenr

CpenlHAA NJAOTHOCTL

GeToHa 0 Kr/M° f1
400 0,46
1000 0,00
1500 0,08
2000 0,60
2350 0,62
2450 0,65

[lpumeusHune. Hoodduiyesr ¢, A DPOMEXyTOUHHX 3HaUeHUR
cpeaHeRl nMACTHOCTHA GeTOHA NpPUHUMAETCH 10
MHTEDNOJALUK

Tadymua 3

KoadduniueHt ¢,

CpelHAR NJIOTHOCTH
6eToHa o , Kr/M°

000 '

800
1100
1400
[700
2000

O O O O O H
n O ~1 O O O

L

[ipumeuaHue. HoapdPuiMeHT ¢, OAA NPOMEXYTOUHHX 3HaUEHHR
cpenHeft naoTHOCTUM O€TOHA NPUHMMEETCA 110

HHTEPITONALMH

v

IS



[Ipoposxenue npua.l

Taoanua 4

J——y

Hoadgduiimenrn ycaopuit paGoTh CT
¥s5¢ DU TeMnepaTypax apMaTypH

ggmneaoﬂ apMaType )., .

CrepxHepas
apmMarTypa
KJacca 350
Ty 1,0
1,0
A-Il L0
I,0
A-llip .l;g
1,0
A-TY L9
[,0
A=Y 1o
1,0
Ar-T1Y ¥ 1,0
Ar-Y I,0
Ar-Y1 1,0
Ar-J11 I,0
[lpumeuanue,

16

400 450

0,85 | 0,75
1,0 0,95
0,80 | 0,8
1,0 0,9
0,85 | 0,75
0,90 i_glg
0,80 | 0,7
I
0,95 1 0,8
0,8 0,7
0,9 | 0.7
0,75 | 0,6
0,8 0,00
0,7 1 0,45
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[Iponosmenne npua. I
TaGaua o

PaccTosH4A 0O LIEHTpa TAXECTH apMaTYpPHHX cTepxHell,
COOTBETCTBYDMME YKa3aHHOR TeMnepaType Harpesa 7
K MOMEHTY BpPeMeHH 17

Bun GeToHa d.,| ry, TemnepaTypa Harpesa, s °C
MM 1 350 | 400 1450 | 500 |550 600 650
TaxeJsn! GeToH C - 10,7 30| 6t 22| I8 | IO
CUJIUKATHBM 3&N0J- - 11,0 38| 33| 29 | 20 | <1 17
HUTEJIEM -~ | 1,9 o3| 46 ] 401 35 ] 30 | 26 | 22
W = 2,0% | |
—_— ] i I S
Taxenu! 6eToH C - 10,75 B | &4 | 20| I7 | 14
KapOOHATHHM 3a- - 11,0 36| 31 | &7 | &3 | 19 | I6
o AHUTETIEM _ 1,5 48| a3l 38| 33| 28 | 2a | 20
w = 3,0%
| | | I )
Nerkufl 6etTon ¢ 0,7 221 191 I6 u
KPYTIHLM 3Aaron- I0 1 I,0 B 4 21| I8 | Ib
HUTEJIEM U3 Ke- i. I,5 38| 34 | 30] 26| 2 | 19| I6
pam3uTa 0,7 2| 18] 15 N
p = 1600 xr/M, | 14 |10 28 | 23 | 20 | I7 | IS
W = 5,0% 1,5 38| 33| 20| 25| 21| 18] I

I7



[lpunoxenue <2

MMPOTPAMME V11 PACYETOB HA TIPOT'PAMMUAPY EMHX
MHKPOKAJIBKYJIHTOPAX MH-954, B3-34

I. YkasaHus no padore C nporpaMMaMy

Ins BBONA Tporpammbl nepefiTd B pemuMm NPOIpPaMMUDOBAHUA HARATHUEM
knapum B/0 F [IP'. BeecTH onepaTopH MporpamMmb HaxaTUeM COOTBETCTBYD-
mux knapum £ ABT. BBecTu UCXOIHHE pAHHHE B YKA3AHHHE DPErUCTpPH MaMf-
TH. 3amnycTHTh nporpamMy Hamartuem knasuum B/0,C/IL.

N8 BBOJA MCXONHOTO NBHHOI'OC B DErucTp NaMATH chenyeT HalbpaTh ero
YUCAOBOE 3HAUeHKe, HamaThb knaBumy [Ix —~Il nas muxpoxaybkyasTopa MH-54
W HOMEp COOTBETCTBYNMEro pPeructTpa namaATH. LJS BHBOJA pesyabTaTs
BHNUMCIEHUA, HAXOINAMEI'OCA B KAKOM-JUO0 perucrpe NaMATK clregyerT  Ha-
xatb wkaapumy WI/I1 ~X nas muxporaabkyastropa MK-54 ¥ HomMep cooTBeT-
CTBYDUET0 PerdcTpa naMsaTH. BBOIN UCXOAQHOI'C NAHHOMO 0003HAUAETCA CHM-
BOJIOM

X - IIY,
rge X - ycRORHoe O003HAaUeHWe MUCXOOHOI'0 HAHHOro; ¥ - HOMED COOTBET -
creyomero perucrpa nausrs (0,1,2,3,4,5,6,7,8,9,A,B,C,0);

E - enMHUIIN U3MEPEHUA UCXONHHX BeNWUXH U pe3ynbTaroB: MeTp, uac,

MeraHvoToH, Merallackanws, rpaayc Uenbcus.

Ecau B onMcaHuM nporpamMt HeT ykas3aHull o BHBOJAE pe3ylAbPaToOB, TO
KOHEeUHHR peaysbTaT BHCBEUMBAETCHA HA IUCHNee.

2. buauorexa nporpamm
[lporpamma I
Pacuer TemnepaTyph AapMaTYpPHOIO CTEpXHA 7,

U2 A3 116 X + 3 . 6 X [14
IS 16 X iy + /10 O X + 51401
X WA $ FyY 8 W X 17 + X
A + 2 $ WB O . 9 + FV
$ I I 0 . 4 7 X )| +
FI/X 14 7 4 8 X 9 6 - i
X 3 4 8 + 1 X 1 Bl 3

: A ' I S 2 3 0 x

2 0 + C/I

Beoag ucxopgHux maHHex: W ~I0; o =II; A~-IR; B ~113; C ~I[4;
L—=15; 7,~06; ¥ ~1I7; 4,185 ¢, ~19; ¢ ~1IA; 7, IB.
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BnaxHocTs W BBOOUTCA B NOJAX, a4 He B %.

Tecr: O0,I = II0; I0O00 —[I; I =IIR; O =II3; I =Il4; 0 —IIo;
500 - 16y 0,01 -—117; 0,01 —1IB; 0,5 ~-0N9; 0,5=IA; I —1IB; B/O;
C/IL.

Peayaprar: 744,

[lporpamma 2
PacueT TOJMMHH 38MUTHOro cJofl O0eToHa no 3ainaHHoi
TemriepaType apMaTypn 7

Hagpars nporpammuy [; BMecto xoMadHad C/I1 B KoHue nporpamMMu BBeC-
TY KOMAHIH

.o AMC -~ Fx =<0 89 IT?7 C/I A7
3 /-] + II7 BIl 00

BBOM WCXOMHEX IAHHHWX: no mporpamme I U gonosaxutesapHo ¢, -~ [IC.
B xauecTBe MCXOJHOTO 3HAUEHUS TOJIUMMW 3amuTHoro cios y —~— 17 caeny-
eT 6paTh 38BEJIOMO MEHbliee 3HAUEHHe, UCNONbL3YH NAaHHHe Tatn.o.

Tecr: JonoauuTenbHO K TecTy nporpammve I BBecru 740 ~IIC,
Peaynbrar: I,I-IO“Q.

I BII

liporpamma 3

[lpopepka ycnoBufl nNpoUHOCTH NJAAT, APMUPOBAHHBIX
OOHOPALHOR apMaTypoH oJHOTO KJacca

IO A3 ATIS X U6 $ 2 3 il -
3 X AYS X B - Ix<0 20 ] C/n
U110 Al T : 7 D —~ W4 X il
X 1§15 X Uic - 'x <0 39 2 C/1 Ao
2 X HITA P 3 + GINES, 3 $ Fx<
- 4 X HicC  x i WITA i3 4 3
HIT? 3 I 0 + e x % 4 X
0 . 8 5 X Al x Al X 9
2 0 I8 X + Mo  x i\ - Lx < 0
93 3 C/1 0 C/M

BBog ucxomHuX maHHeX: /1,10 X, ~MI; o,7TR; Ry )se 113,

Ry +Tl4; A~TI5; (R, b)) =TI6; Ry, =II7; Ag,~08; L =N9; [, ~HA;
M *HB; M;”' *FHC-
lporpamMa TIOCAENOBATENLHO BHIOJHAET NPOBEPKY yCJa0BUiA:

I. M =
2. M, <~ M/

M e
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pf’f“

3. M”fﬁ.”f = M cne ¢

Ha pucnhiee BHCBEUMBRETCHA HOMED NEPBOro U3 HEBHITONHEHHRX yCHOBUA
(I, 2 wm 3). 1A noJyyeHus HA JMCNNEEe PA3HOCTH MERIY ITPOUHOCTHI Ce-
yeHUA ¥ JaefcTByomMM MOMEHTOM HEOOXOO¥MO BHIOJHUTH KOMAHLY XY . daA
BHIMOJHEHUA YCJOBUR HeoOXOIUMMO CKOPPEKTUPOBATH MCXOIHHE ﬂ&HHHe H
NOBTOPHTL pacuer. Jlocsie BHNOJHEHUA BCeX YCAOBUME Ha aucnjee BHCBEUH-
paercA "0". Illpn HeoOXOoIUMOCTH MPOAOJIRAUTH NPOBEPKY MOCJIELYNIMX YCHO-
Bt TpU HEBHMOJHEHWM NpeANyuero ciaefyeT HaxeTb wkaapumy C/IL.

Tecr: 0,I5 - 110; 0,8 —1I; 0,01 —IR; 600 - Ii3; 600 ~1I4;
6:-10-4 —[5; 13-16; 11~7; 0-18; 6 ~19; 0,I~TA; 0,05 ~IIB;
0,04 —TC; B/0; C/I.

Pesyaprar: I; 0,17 ~10; 0,5 ~01; C/I.

Pesyaprar: 2; 0,8~01; 0,05 =1A; C/II.

Peayaprar: 3:; 0,1 ~IA; B/O; C/II,

PeéynhTaT: 0.

[lporpamma 4
PacueT NPOUYHOCTHA HOPMAJbLHHX CeUEeHUH nJMT ¢ OBYyXpPALHBM

cMemaHHEM apMupoBaHusem M7, M 7
IO 18V% X [ AT U3 X [iC + WIIA
3 2 2 [1B 1g% - /-/ WL x TS
B - ATIC X + i W4  WIB [1C I
, 7 + [1B - v X 6 X A2
X U5 B - 7104 X A7 x HI3 x
+ C/11
BBong ucxomHeX paHHEX ( Fg, ~ §s ,) ~10; (R ¥ss ) I A IR,
Ajz *TB; h"?f *m; hﬂE+H5; ‘j/ﬂ?"*"n6; .st;-m /‘)S?‘*Ha; /?52 _’ng;

(R, - 65 )~TIA
PeaynbTaTH BHUMCJIEeHUHA: BHCOTa ckKaTOR 30HW GeToHa Npud pacueTHOH
HCH per nw, MPE’F
HArpy3Ke B perucTpe M - B perucrpe "L%; M - Ha pucree.

[iporpamma O
PacueT NpouHOCTH HAKJIOHHOT'O CEUEHHUA NO HU3rUbanmeMy
MOMEHTY Ip#A OTI'HEBOM BoaﬂeﬁCTBHHjMff:t
.o ceee MG HI13 X A7 X 4 X 4108
4 $ HIIA + [ 0 + HIT X 3
s 4 $ UTIA % I 0 + M0 x
ATis 3 ATi6 $ ATl 3 Mg + FI/x  +
UIB X HIC 1951 X + C/II



[lpoponkenye npun.2

[lporpammMa O BBOJMTCA TIOCJE NPOrpaMmH 4.

AcxXopHoe IJaHHHE BBOILAT TocJe oTpalGOTKUM nporpaMvms 4, TOJNBKO OTJAH-
yapumecs: o,, — 0y J,,~II; g’sstrﬂ6; Xﬁtf—-ﬂ'?; A)bp*m;

{,~IB; (920-4,, )~-IC. g

TecT ABaseTca oOmMM pJis nporpamm 4 u O.

Tecr: & +I0,..., NIC, B/0, C/II.

Peayaprar:13, 18; C/I.

Pegyavrar: 0,34.
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[lpunomerHue 3
[PMMEPH [TPOEKTHPOBAHMH MHOI'OILYCTOTHHX [LINT
[IEPEKPHTIIA C TPEBYEMOA OTHECTOAKOCTHI

I. MHoromycToTHaA nJMTA NEPEKPHTHR U3 JErkoro 6eToHA C ONHOLAM-
HHM ApPMAPOBAHUEM CTEPAHAMM OJHOIO Kjacca.

HexonHwe paHuue. [liurTa 3anpoexTtupoBana no CHull £,03.0I-84. Paa-
MepH cedenus: b, = 1,15 m, /7 = 0,2 M, h, =0,03m, /1, =0,I8 m;
pacueTHuf! npoaer [ = 6,08 M, OJMHA ONHUPEHUA Ha Xene306€TOHHHR pu-
reap [y = 0,08 m. llonHas pacueTHas HaArpyska B CTaiUM DKCHAYyATAIUK
(¥;>Dp = I,,.08-'IO"2 MH/m; pacueTHas Harpyska AJd pacuera orsLecrtoft-
KOCTM paBHa JJuTenbHo melcreyomelt uactu HopmaTuBHO# Harpysku (¥,= I)
Por = 0,59-10'2 MH/M. BEeToH nerxuil Ha kepaM3MTOBOM I'DABHM  KJacca
B20: p = 1600 kr/m®, R,, = 15 Mlla, R, = II,5MUMa, R,,<IT Mila. [lpo-
nonsHan patouas apmarypa 7610 A-IV, A, = 5,5-10"4142, Ry, = 0990 Mla,
Rs = 010 Mla, f,,= 1,15; nonepeuHas apmatTypa knacca Bp-I, mar
S =0,00wm, A,,-= O,.E)'IO""'1 M2. Ins pacuera orHectoftikoctu R, = 530/
0,9 = 658 Mla.

AaruGapomu MomeHT OoT noJsHO# pacueTHOR Harpyskud nJf pacueTa Ipou-
HOCTH B cTagum skcnayaraiuu M = 0,0499 MH.m. UaruGaomut moMeHT  OT
INUTeNbHO neAcTByome#d uvacTyd HOPMATHBHOM HArpysku JJA pacueTa Or'He-
croftkocTu M, = 0,027 MH-mM.

flnura mpoekTHuyeTCH IJR NpumeHeHus B 3xaHuu (- creneHu  orue-
crolkoCcTH, HopmMupoBaHHWA npepnea orHecroftkocru 7, = 0,70 y.

BrucoTy cxarol 30HH OeTOHa onpelesifieM B CTaIUU JIKCIIyaraluu 10
dopmyse (48)

-4
X = 810-1,15.5,5.10% _ 5 o1 15-2
0,911,5:1,15

reyo BHyTpeHHeR napH CHJ NpY pacueTe orHeCTOMKOCTH onpelenseM
no fopmynam (20) u (22)

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

MunumanbsHoe 3HaueHue xoagduiiMeHTa yCaoBui paGoTH apMaTypH H3 YycC-

JIOBMS MPOUHOCTH Npu noxape onpejneasem no dopmynaam (I13) u (I6)
M ue 0,027

bt = B s Zen 658-5,5.10-4 .0,1:0,172

[lo raba.4 npun.]l onpemenseM COOTBETCTBYOWYD KPAUTUUECKYN TEMIepa-
Typy apMaTyps £, .. = 580°C. Onpenensem TemrnepaTypy apMaTypH No McTe-
USeHHM BPEMEHY, DaBHOY0 npeaexy orHectoikocru 7, = 0,70 U npu ToNmMU-

- 0,436
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He 3amuTHoro cnos Gerona y = 0,010 M, paccrosEMe IO UEHTPA TAXECTH
apmatypy a = 0,02 m, llo Ta6xn.5 npun.I 7; = 400°C, r.e. ¢, < t, .r
CnenoBaTenbHO, OTHECTONKOCTH NJAUTH MO HOPMaJIbHEM CEUCHHUAM HE MeHee
rpebyemoR® Hopmami,

llo ra6a.5 npun.] MOXHO TaKXe ONpelesuTh OTHeCcTOoRKOCTH AN TH
T, =1,5 u, uro Goapime TpeCyemMOro HOPMAMHU mNpenena orHecroMxocT.

[ipopepAeM INMPOYHOCTH HAKJIOHHOI'O CEUYEHHUA M0 U3rubapvmemy  MOMEHTY
NMpU OTHEBOM BoO3lleRCTBUM.

HarnGaomuit MOMEHT B HaKJOHHOM ceueHUM onpepessem no dopmyne (24)
m (R5) npu 1, = 2°0,16+0,5-0,08 = 0,4 m

0,4 0,4 q
M, .= 40,027 —— + (I - —— ) =6,64°107° Mi-m
’ 6,08 6,08

KoapduumeHT ycaopuit paGorTH apMaTypPH B 30HE Nepelauyu HanpAXKEeHUA
onpeneasem no gopmyse (23)

0, 08 _
Yos = = 0,370

010
(0,25 + 10) - 0,0I
I1,0
TemnepaTypa apMaTypH B 30HE aHKEPOBKHU
tn = 400-0,8 = 320°C

llo rabn.4 npun.l onpepeasem coorpeTcTByiomuA kKoadduiedT ycaoBult
paGoTH APMATYPH B 30He £°'XePOBKM Npu Temnepatype [, = 320°C,
¥s5¢ = 1,0. CHuMEeHHe NMPOUYHOCTH QHKEPOBKU HE TPOUCXOAHNT, CJeNOBATENb-
HO, NMPOYHOCTL HAKJNOHHOTO CEUEHMA MO U3TUbaRmeMy MOMEHTY npuh Bo3pefl-
CTBMK TIOMApa B 3alaHHBX OpezeJdax ofecrnevena.

Oecrneueda orHecTodKOCTh NMAUTH HE MeHee TpebGvemol Hopmamy
. =0,75 u,

2

2. MHOronycToTH&SA TAMTA NEPEeKPHTHUA U3 TAXeNOoro 6eToHa C OJHOPAI-
HHM APMHDOBAHWEM CTEDXHAMM OJHOTO kjaacca (rpoekTHpoBaHue C NpPUMEHEe-
HUEM TPOTPAMMHUPYEMOI'0 MUKDPOKAJBKYAATODA).

HexopHue panHHe. [lnura sanpoekrupoBana rno CHull £.03.01-84. Paa-
MEDH CeUeHMs, TipoJseT, ONMpaHue, XapaKTePUCTUKa NMPOLOJBHOTO apMupo -
BaHUA CM,.fipumep .

lonHas pacueTHas Harpyska B cTagud oxcriyatammu ( ¥, > I)

Po= I,08'10"2 MH/M; pacueTHas Harpyska nmpacueTe OTHecTolKocTH,
COCTOAMAA M3 TMOCTOAHHOR U INMUTENBHO feRcTByiomed uacTd BPeMEHHOR Ha-
Ipy3KY (5} = 1) P, = 0,8-10'2 Mi/v. CooTBeTcTBymHE pacueTHHE MO-
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meHTH: M = 0,0499 MH-m; M,,= 0,037 MH-m.

BeroH TAxenw#f xnacca B0 ¢ xpymHHM 3anoJHUTENEM U3 T'PAHUTHOTO
me6Ha, p = 2350 ¥r/M°, Ry, = 15 Mla, R, = 11,5 Mla, R, = II Mia,
BNARHOCTb GerToHa W = 2,0%.

[lonepeunas apmarypa oTcyTcrByeT A, = 0.

[lnvra npoexTupyeTcs IJA NMPUMEHEHUA B 3HN8HMU I-H creneHu orHe-
crofixocT. TpebGyemul Hopmamu npenen orHecroitxocru 7, = 1 u,

OnpenessieM MAHUMAABHOE 3HaueHHe xoaPduiMeHTa YCJHOBHR paGoTH ap-
MATYDH TIPK HArpese M3 YCHIOBMA OTHECTONKOCTH, HCHONb3IYSA Pe3yNbTar
BRUUCJIEHMA TJeua BHYTpeHHeA napu cun w3 npumepa 1.

0,037
{3t = e = 0,60
655+5,5-10".0, 171

bp

[lo ra6xn.4 npua.l onpefensem COOTBETCTBYOUYK® KPHUTHUECKYD TeMIe-
PATYPY apMaTypu [l cp = 550°C.

Ha6upaem nporpamvy 2 ¥ BBOOMM KucXogHHe naHHue: 0,02 ~IJO;
2350 ~MI; I,2~M2: 3,5-10%4~N3: 0,71 -14; 8,3-107%+15; 450 —I16;
0,015~17; 0,0I~08; 0,62 ~M9; 0,5~IA; I,0~IIB; 550~IIC,

B pesysabTare pacueTa nojgyuaeMm TPeGyeMyD U3 YCHOBHA OTHeCTORKOC-
TH BeJIWUUHY 3amUTHOro ciaod GeroHa y = 0,019 M, uro Gosbme npuHATOH
nepBOHAuYANbHO . [ ofecrneueHUsd yCJIOBAS OFHECTOMKOCTH npuUHMMaem

Y = 0,0I9 m. Heo6XoouMO BHUMCIHUTL TEMNEPaATYpPY apMaTyp np¥  HOBOM
3HAYEHUM BENWUMHH SaWUTHOTO CJa0A GeToHa. Jus 3Toro npeodpasyeMm npo-
rpamMy 2 B mporpammy I, BBeas B mar 83 xomaHny C/II. Beonum HOBOE

3HAUEHUe TOJMUHH 3amuTHOTo chod GeroHa y = 0,019 =7, B peayabrare
pacuyeTa Nno NporpamMe yTOUHseM 3HAauUeHWe TeMnepaTypH apMaTypH ¢ =
51°C, Onpemensem no Ta6a.4 coorpercTBymMit xooddMUMeHT ycnosuit pa-
GoTH apMaTypH .. = 0,603,
HaGupaem nporpamMMy 3 ¥ BBOAMM MCXOJHWe naHHue: 0,18 ~ il0;
0,603 ~MNI; 0,0I-M2; (I,I5*HI0)~*3; 605 ~Il4; 5,5-10'4*—H5; (11,5,
I,I15)Y-N6; I1,0~-117; 0—~I118;6,08 ~M9; 0,08 ~N4A; 0,0499~1B;0,037~1C,
[locsae BHMOJHEHUA NpOTrpaMMN Ha nucnjee BHCBeuuBaercs "0Q". Cheno-
BATENbHO, BCE YCJIOBHUA BHIOJHEHH; ofecrneueHa NMPOYHOCTL MNaHeJ U B CTa-
MUK SKCnAyaTaluMd M orHecTolikocTb He MeHee 3ajaHHoft. OrHecToWKOCTL
ofecrieueHa 0e3 yBeJWUeHUA pacxopa MaTepusJioB TOJNIbKO 3a cueT CMmene-
HUA apMaTypHHX cTepxHelt Ha 0,004 M BBepx No ceueHHo,
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3. MHoromycTOTHAR TIMTA TIEPEKPHTUA M3 TAReaorc CeToHa C IBYXPAL-
HbM apMUPOBaNUeM CTEePXHAMM PasHHX ¥JaccoB.

Hexonuue naHHe, IliuTa sanpoexTuposaHa no CHull 2.03,.01-84., Pas-
MepH ceueHus: b6, = 1,I5w, # =0,22wm, 4, = 0,03, #,= 0,199 u,
hoo = 0,180 m. Pacuernwit nponer !/ = 6,08 m, gauna onupaHUA Ha xe-
ne3obeTouHwt purens /, = 0,08 M. JlonHas pacueTHas Harpysxa
P = 0,015] MH/M; nauTenpHo JedcTByomas YacTh HODPMATUBHOA Harpysku
Dy = 0,0008 MH/m.Derox Taxenuit xnacca BRO Ha MaBecTHAxoBOM melHe,
» = 2250 xkr/M%, W = 3%, R, = 14,5 Mlla, Ry = 12,5 Mla. [pogos-
Has pafouas apMaTypa: HeHanpsaraemas HuxHero pspa 4 ¢ I2 A-ll,

Ay, = 4,52-10“4 M~; R., = 390 Mla, s = 300 Mlla; Hanpsiraemas BepX-
wero pams 4 4 10 A=Y, A, = 3,14.707% w*, R, = 785 Mlla, R, = 680Ma,

§s6 = 1,15, Tionepeunas apmarypa kjacca Bpl, mar § = 0,05 m,
Ayw = O,S-IO"‘4 MR. flpu pacuere orHecroitxoctu #, = 433 Mla,
¥y, = 872 Mla.
Uarutaomu#t MoMeHT oT nosHo# pacueTHO! HArpy3xyu IAs pacueTa Mpou-
HOCTH B cTanuu oxenayataimu M = 0,070 Md-m. HsruSaommu#t momeHT OT

nnarenpdHo tedicreyomell uacTH HOPMATUBHOR HarpyskH OJid pacueTa OrHe -
croltkocTy M,y = 0,040 MH-wM.

[laura npoerTHUpyeTCHS NAS NPUMEHEHMS B 3aaHud [-H cTeneHu  orHe-
croikocTH; TpeCyemud HOpMamu npenes orHecroilkocru 7, = 1,0 u,

KoadpuuineHTH Iaf TenAOTEeXHUUECKOr'0 pacuera onpenenseM no radn.l,
£,3 mpun,l:

A=1,I4; B =-0,00005; C = 0,7I; A = 0,00083; ¢, = 0,617;
v, = 0,5,

OnpepesisieM TemIOTEXHAUECKME XapaXTePUCTHMKN OerToHa no fopmynam
(3) u (5)

Ay = 1,14-5,5.107% .450 = 0,893 Br/m-°C
C, = 0,71 + 8,3-107%.450 = 1,084 kilm/xr-°C
3,6 . 0,893 3 2
A oy = = = 1,16.-107° m</u

(1,084+0,05+3) -« 2250

SHaueHHe aprymerHTa QyHkIMu omuGoK ['aycca jas Kaxgoro pAja apma-
TYpu ompeneasieM nio dopmyae (6).

X; = (0,817 + (0,015 + 0,5 0,0I2)/ V1,16 1073 )/(2Y1/0,9) = 0,585
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X, = (0,617 + (0,C3 + 0,5 0,01)/ V1,16 107 )/(271/0,9) = 0,780

Buuncaiem sHauenue QyHkuMd omubok ['aycca OAA Kaxioro pAfa apma-
Tvpu o Jopmyrae (8)

A, = 1/(1+0,47-0,585) = 0,784
A, = 1/(1+0,47-0,780) = 0,732
erf Xp = 1-(0,784.(348+0,784-(748-0,784-96) ) - 9“0'5852.10-3)
= 0,592
erf Xo = 1-(0,732.(348+0,732- (748+0,732-96)) - e=0,780°, 10-3)
= 0,730
Buuncasem rTemnepaTypy apMaTypHuX crepsxHe# no dopmyse (2)
ty, = 1250 - 1230.0,592 = 522°C
t,, = 1250 - I1230-0,730 = 352°C

Onpenesnsem coorBeTcTByOEHE KOaPPULIMEeHTH YCHOBHUR paGoTH apMaTypu
NJIA Kaxforo pspa no ra6ia.4 npua.l

sty = 0,677 Yo = 0,998 = 1
llepexonum K craTuyecko# uacTu pacuera. Onpenensem BHCOTy cmaToht
30HH GeTOHa B CTAAMM BKCIIIyaTAllMM H npy moxape ro fopmynam (I8),(20)

. 7104 . . .71074
x — 365'4'52 I0 + 680 I'I5 3,]:4 I0 o 0,026 M
14.5 - 1,15

#

X, = 0,6°0,026 = 0,0I56 M

Onpepmensem naeuu ycuuuR B apMatType no Popmysam (30)-(32)
Z,,= 0,199 - 0,5:0,026 = 0,186 w
Z,,= 0,185 - 0,5°0,026 = 0,172 m
Zepy= 0,199 - 0,5°0,0I56= 0,191 m,
Z,= 0,185 - 0,5°0,0156= 0,184 u .

BHuHCIAeM MPOUHOCTh HOPMAJBHOTO CEUEHHA MPHU TOXApe NO HCTEUeHHH
BpeMeHH, PaBHOr'o npeneny orhHecrolkocru no fopmyne (27)

?
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M = 433.0,677-4,52-107%.0,191+872+1-3,14-1072.0,184 =
= 7,56-107% MM = M, =4,52.10"% Mi-M

[lpouHOCTEP HOPMANBHOI'O CeUeHKA ofecneueHa.

[lpoBepsiem NMPOUYHOCTH HAKJIOHHOIO CeueHWA INMpH noxape. BHUUCHseM Be-
JVUUHY UITR6ANEero MOMEHTA B pacuyeTHOM HAKJOHHOM CEUEHMM OT IJIUTEeNb-
Ho pefcrpyvmeR uacTH Harpysku nmpu KoapPuiMeHTE HANEXHOCTM NO HArpy3-

ke ¥, =1 no dopMynam (24), (25).
[, =2-0,192 + 0,08/2 = 0,424 m

M., . 4,4'52_10—2 . 0,424 | (1 _ 0,424) _ 1’17_10—2 M - e
’ 6,08 6,08

Bruncasem koadduimenTH ycnosull paboTH apMaTyYpPH B 30HE flepefaul
Manpaxenut (ad kamporo paja apMarTypw no Qopmysae (23)

y 0,0 0,362
s5 17 7 = VU,
’ 369 .
(0‘25. 12’5 + IO) 0,012
0,08
= 0,339

§s5,2 =
(0,25- &89 4 10) - 0,01
12,0
TemnepaTtypy 4 kosddunveHTs ycaosuil paGoTh apMaTyph B 30HE &HKe-
DOBKM NPHU BHCOKOH TemrieparType NpuHuMaeMm no Taén.4 npuia.l pas  kax-
IOoro paja apMaTypH |

tan, = 0,8°822 = 418°C; Yose, = 0,832
tan , = 0,8:352 = 281°C; $sr, = 1,0

[IpouHOCTH HAKJOHHOIO CEUEHHMA M0 U3TUCAmMEMY MOMEHTY npv Bo3lel-
CTBUM BHCOKOR TemnepaTypH MO UCTEUEHUHM BDPEeMEHH, PaBHOI'0 TpebyeMoMmy
(HopMupoBaHHOMY ) npeneny ordHectofikacTu onpenensem no fopuyne (28)

M. . = 390-0,362.0,832-4,52:1074.0,199+785-0,312-1,0-
.3,14.104.0,184+920-0,5-10"% -0,792 = 3,13-10- MH-m =
> Mt e = 1,17.107% M-

[IpOUHOCTD HAKJIOHHOTO CeUeHMA 1o Uarufawvmemy MOMEHTY NpPHU noxape
o6ecrneuenda. OrdecTofixoCThb TJIUTH He HUxe TpelfyeMof HOpMamy.
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