MYC POCCUM

®epepanbHOE rOCYIAPCTBEHHOE GIOIKETHOE 00pa3oBarelbHOe YUpeKAeHUe
BBICITIETO 00pa30BaHus

«Ypansckuii uHCTHTYT [0CYapCTBEHHOM IPOTHBOIIOKAPHOH CIy)KObI MuHHETepCTBa
Poccuiickoi Demepalinu 1Mo JejiaM MpakAaHCcKol 000pOHEI, YpE3BbIYaHHBIM CUTYALUIM 1
JTUKBUIALMY OCIIEICTBUN CTHXUMHBIX OeICTBHI»

YTBEPXKIAIO

FﬁC MUC Poccuu -

MHCTPYKIHS

TIO OIIpeIeJIeHII0 HeOOXOAUMOM TOMIMHBI orHe3amuTHOM cucteMsl «ET Ipodunsy,
cocTosAIIel U3 MaTepraia 0a3anbTOBOro OrHe3anmTHoro pyroaHoro MBOP ©
(TY 23.99.19-018-08621635-2020)  coctaBa TepmocToiikoro kiesimero « IJTA3AC»
(TY 23.99.19-013-08621635-2020) B 3aBHCUMOCTH OT IPUBEIEHHOM TONIIMHEI METAILIA,
KPUTUYECKOM TeMITePaTypbl CTAJIBHOM CTPOUTENHHOM KOHCTPYKIMH U TpebyeMoro
npefelia OrHECTOMKOCTH

Paspaborumkw:

HavanpHuk aqBIOHKTYpBI
TMIOJKOBHIK BHYTPEHHEU CITYKOBI Q"“_'_")

K.T.H., JOIEHT . AJO. Axynos

Crapmmii npenoaBareis Kadeapsl

110XKapHOH 0e30MacHOCTH B CTPOUTENECTBE Z
TIOJIIOJIKOBHUK BHYTPEHHEMN CITYKOBI / / B.B. CmuprOB

Exarepun0Oypr
2021



Buumanue!

OTBETCTBEHHOCTh 3a JOCTOBEPHOCTh TEXHUYECKOW TOKYMEHTAIIUU U TMPOCKTHBIX
MaTepHalIOB, TMPEJICTAaBIEHHBIX g pa3paboTrku WHCTpyKIMHM TIO0 OMNpEeeTIeHUI0
HeoOxoaumon TonmmHbl  orHe3amuTHOM cuctembl «ET Ilpoduney», cocrosimeir u3
MaTepuasia 0a3ajJbTOBOr0 OruesamuTHoro pyionHoro MBOP @ (TVY 23.99.19-018-
08621635-2020) u coctaBa Tepmoctoiikoro kiesiiero «IIJIAZAC» (TY 23.99.19-013-
08621635-2020) B 3aBUCUMOCTH OT TNPUBEACHHOM TOJIIMHBI MeETauia, KPUTHYECKOU
TEMIEPATypbl CTAJbHOM CTPOUTENBHONM KOHCTPYKIIMM M  Tpedyemoro  mpezena
orHecroiikoctu (manee — MHCTpyKius), HECET MPOU3BOAUTENh OTHE3AUTHON CUCTEMBI
«ET Ipoduns» AO «Tuzon» (3akazuuk).

B cmydae BHeceHHMs 3aKa3uMKOM WM3MEHEHUM M JIONMOJIHEHWHW B TEXHUYECKYIO
NOKYMEHTAIIMI0O HA OTHE3alllUTHYI0 CUCTEMY, a TaKKe IMPU OTCTYIUIEHHUAX OT
MPEJICTABJICHHBIX MAaTEPUAJIOB U BHECEHUU B HUX M3MEHEHUW, HacTosas MHCTpyKius
yTpayuBaeT CBOIO CHJIY U TOJUICKUT TOBTOPHOM pa3paboTke ¢ y4ETOM BHECEHHBIX
W3MCEHEHUH 1 JOMOJIHECHUH.

TpeOoBaHus JCHCTBYIONIMX HOPMATHBHBIX TIPABOBBIX AaKTOB W HOPMATUBHBIX
JOKYMEHTOB M0 TOXKapHOM O€30MacHOCTH, HE OTPAKEHHbIE WM HE YUYTEHHBIE B
Hacrosmed MHCTpyKIMM, MOJDKHBI OBITH YYTCHBI B TIOJIHOM 0OBEME Il O0OeCIeueHHS

MoXapHOU 0€30MaCHOCTH 0OBEKTOB 3AITUTHI.
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HHPEAUCJIOBHUE

OO6pamienue Ha pbiHKE EBpasuiickoro 3KOHOMHUYECKOTO COK03a OTHE3allMTHOM
cucteMbl «ET Ilpodune» (mpousBoactBa AO «Tu3z0im») MOATBEPKAECHO NPOLETYPOH
OLICHKM COOTBETCTBUSI TpeOoBaHUSIM TexXHUYECKOro perjameHta EBpasuiickoro
HSKOHOMHUYECKOTO coro3a «O TpeOoBaHUSAX K CpencTBaM OOECHEeUCHHUs MOXKAPHOH
oe3zonacHoct u noxaporymenus» (TP EADC 043/2017) B dopme cepruduxanuum
CPEACTB OTHE3AILUTHI.

[IpencraBnenHas ais pazpadoTku MHCTpyKIMHA TOKYMEH TalKs:

— MpoTOKOJIbI cepTudUKaMoHHbIX ucnbiTaHuil NeO1 ¢/ck/03-2021, Ne02 c/ck/03-
2021 OT 28.05.2021 T., BBIITOJIHEHHBIX NI1] «OrHeCTOMKOCTh)»
AO «IICH «OraecToiKocTby;

— cepTUUKAT  COOTBETCTBUS  CHUCTEMBlL  KOHCTPYKTUBHOM  OTHE3aLIUTHI
«ET  Ilpodpuns»  TpeboBanusiMm  TexHuueckoro . periameHta  EBpasuiickoro
HKOHOMHUYECKOT0O coro3a «O TpeOoBaHUSAX K. .CpelcTBaM OOECHEeUEHUsl MOKapHOU
oezonacHoct U noxkaporymeHus» NeEADC RU C-RU.2030.B.00072/21 cepus RU
Ne(0266099.

— OTYEThl O MNPOBEACHHBIX HchbiTaHusx: 7411P 14.07.2021, 75ITP 14.07.2021,
76 I1P 14.07.2021, 7711P 14.07.2021.

Ha ocHoBaHuM TpeNCTaBICHHBIX JOKYMEHTOB OblIa COCTaBiieHa TaliuIa ¢
00OOIIIEHHPIMA JIaHHBIMU 110 ONpPENCIECHUI0O HEOOXOIMMON TONIIMHBI Marepuana
bazansToBoro Orne3anmutHoro PynonHoro ®onsrupoannoro (Hairee — MBOP @) B
ornezammtHOM cucteme «ET Ilpoduns» B 3aBUCMMOCTH OT MPUBEACHHOW TOJIIIMHBI
MeTayuia M TpedyeMoro nmpenena orHectoiikoctu (pazgen 4 MWHCTpyKIuu) 1pH
KPUTUYECKOU TeMIeparype CTAJIbHOU CTPOUTEIBHOMN KOHCTPYKLHUU
500°C.

[IpoBeneHHbIE pacyeThl TMO3BOJWIM COCTABUTH TaOMMIBI JJisl  ONpPEACIICHUS
Tpedyemoit Tonuabl MBOP @ B ornezammrtho# cucreme «ET Tlpodunsy» B 3aBucuMocTu
OT KPUTUYECKOM TeMMepaTrypbl CTPOUTENbHOM KOHCTPYKIIMHU, MPUBEIECHHON TOJIIUHbI

MeTajuia U TpedyemMoro mpejena oruectoikoctu. Ilomydyennsle TaOMUIbl, B COUETAHUU C



pacyeTHOM METOAMKOW, IMO3BOJISIOT MPOEKTUPOBATh OTHE3AIINTY CTAJIbHBIX KOHCTPYKLIHN
m000# KOHGUTYpaluy, TpPH Pa3IWYHBIX TOJIIWHAX OTHE3amuTHONW cucteMbl «ET
[Ipodune», a Takke pemieHne o0OpaTHBIX 3agad  (ompeneneHue  (PaKkTUUECKOH

OTHECTOMKOCTU KOHCTPYKIHMH ¢ orHe3amuTHon cuctemont «ET IIpoduiby).



1. OBJJACTHb TIPUMEHEHUA

WMHcTpyKiust npeaHa3HayeHa JUIsl HPOEKTHBIX M CTPOUTENBHBIX OpraHu3aluii,
CHELUAINCTOB MO pa3pabOTKE MPOEKTOB OrHE3ALIUThI, SKCIIEPTOB B O0JACTH MOXKApPHOH
0€30MacHOCTH U MOXET OBbITh HCIIOJNb30BaHA MPU pa3pabOTKe M SKCHEPTU3E MPOCKTOB
OTHE3AIHUTHl CTAJBHBIX KOHCTPYKUMH C TPUMEHEHHEM CHUCTEMbl KOHCTPYKTHBHOM
ornezamuthl  «ET Tlpodune», ¢ 1enpio obecnieyeHus MOXapHOW O€30macHOCTU

POEKTUPYEMBIX, CTPOSIIUXCS U PEKOHCTPYUPYEMBIX 3IaHUM U COOPYIKECHHUI.



2. HOPMATHUBHBIE CCBIJIKHN

B Hactosieit MHCTpyKIIMK MCIOIB30BaHbl CCHUIKA Ha CIEAYIONIUE HOPMaTUBHBIC
MIPaBOBBIC AKTHI, HOPMATHBHBIC IOKYMEHTHI K METOIUKHU:

1. ®enepanpublii 3akoH Poccuiickoit @enepanuu ot 22 urons 2008 r. Ne 123-D3
«TexHuueckuid  permaMeHT O  TpeOOBaHUSAX  MOXKAPHOW  OE30MACHOCTH
(C MIBMEHEHUSIMNU ).

2. TOCT  30247.0 KoHCTpyKIuuM  CTpOWTENbHbIE.  METOABl  MCHBITAaHUU
Ha OTHECTOMKOCTh. O01IMe TpeOOBaHUS.

3. TOCT 30247.1  KoHcTpykKuuu  CTpouTelbHble.  MeToabpl  UCHBITaHUU
Ha OrHECTOMKOCTh. Hecymue n orpaxxaaroniyme KOHCTPYKIUK.

4. TOCT P 53295-2009 CpenctBa OrHe3amiuThl. Uil CTaJIbHBIX KOHCTPYKIIUH.
O6mume TpeboBanus. MeTo;1 onpeeieHusi OTHE3aUTHON 3 (HEKTUBHOCTH.

5. ENV 13381-4:2002 Metozasl UCHbITAaHUU AJI OnpeneneHus (pakTopoB, BIUSIOMINX
HAa OTHECTOMKOCTh CTPOMTENbHBIX KOHCTpykiui. Yacth 4. 3ammra CTaJIbHBIX
koHcTpykuui (ENV 13381-4:2002 Test methods for determining the contribution to
the fire resistance of structural members - Part 4: Applied protection to steel
members).

6. SAxone A. U. PacdeT OrHecToMkoCTH CTPOUTEIBHBIX KOHCTPYKIIUH. —

M. : Crpoiinzgat, 1988. — 143 c.



3. TEPMUHBI 1 ONPEJAEJIEHUSA

B nHacrosmen — MHCTpyKUMM  NIpPUMEHEHBI  CIEAYIOIIME  TEPMHUHBI  C
COOTBETCTBYIOIIIMMU ONPEACIICHUSAMH:

3.1. KOHCTPYKTHBHAsl OrHE3aIMTA: OTHE3aIUTa CTPOUTENBHBIX KOHCTPYKIMM,
OCHOBaHHAasi Ha CO3JaHUMM Ha OOOrpeBaeMOl MOBEPXHOCTH KOHCTPYKLUHU
TEIIOU30JIALIMOHHOTO CJI0sI ITyTEM HAHECEHMS Ha HEe TOJICTOCIOMHBIX HANBLISAEMbIX
COCTaBOB, IUTYKaTyYpKH, OOJMIIOBKM IUIMTHBIMH, JIMCTOBBIMHU, INTyYHBIMH U
JOPYTMMH AHAJIOTUYHBIMU CTPOUTENIBHBIMU MaTepHalaMu, B. TOM YHUCIIE Ha KapKace,
C BO3JYUIHbIMU MpOCIOWKaMH, pe3yslbTaT OCTOHUPOBAHUA U  3AIHUBKHU
3aTBEPJICBAIOIIMMHU PACTBOPAMU C HCIIOJIb30BAHUEM  TEXHOJOTHHU ONamyOKu, a
TaKKe X KOMOMHALIUY;

3.2. KO3((puuueHT cevyeHusi NPOGUIBHBIN: OTHOWIEHUE TUIOIIAAN IOBEPXHOCTU
CTAIbHOTO  Mpo(uUIsS  HE3AIMIIEHHOM  CTalbHOM  KOHCTPYKUMH, KOTOpas

[OJIBEPTaeTCcsi OTHEBOMY BO3/CHCTBUIO, K 00bEMY CTAJIbHON KOHCTPYKIMH ( 4, /V );

3.3. KPUTHYECKas TeMIlepaTypa: TeMIlepaTypa HarpeBa CEYeHHs] KOHCTPYKIIMH,
MIpU KOTOPOW 0XKHMIAE€TCS HACTYIUIGHHE MPEAEIIBHOIO COCTOSHMS MO Npu3HaKy R 3a

CYET NOTEPH MPOYHOCTU WM YETOMYMBOCTH KOHCTPYKUUH (7, );

3.4. HAIpy3Ka: MeEXaHW4YecKas Cuia, [pWiIaraeMas K  CTPOUTEIbHBIM
KOHCTPYKIUSAM M (WJIM) OCHOBAHUIO 3[aHMsI WM COOPYKEHUS U ONpeAesomas ux
HaANPSDKEHHO-A€(OPMUPOBAHHOE COCTOSIHUE;

3.5. OrHECTOMKOCTH CTPOUTEIbHON KOHCTPYKUMHU: CIIOCOOHOCTD CTPOUTEIHHON
KOHCTPYKIIMU COXPaHSATh HECylue W (WiIu) orpaxjarommye (QyHKIHMH B yCIOBUAX
noxKapa;

3.6. npeaej  OTHECTOMKOCTM  KOHCTPYKIUM  (3alOJIHEHUsI  NPOEeMOB
NPOTUBOIOKAPHBIX Mperpaja): MNPOMEXYTOK BpPEMEHHM OT Hayajga OTHEBOIO
BO3JICHCTBUSI B YCJIOBUAX CTAHAAPTHBIX HMCHBITAHUWA J0 HACTYIUJIEHUS OJIHOTO W3
HOPMUPOBAHHBIX i1  J@HHOW  KOHCTPYKIMM  (3alOJHEHHS]  MPOEMOB

NPOTUBOIOXKAPHBIX NPETPa) MPEAEIbHBIX COCTOSIHUM (11, );



3.7. NpUBEACHHAs TOJIIMHA MeTaia (ILT.M.): OTHOUICHHE IUIOLIAAU
MOMEPEYHOr0  CEUYEHUS  METAUIMYECKOW KOHCTPYKUHHM K  TIEPUMETPY €€

o0orpeBaeMoi MOBEPXHOCTH (1, );

3.8. NPOEKT OTHe3AIMTBI: Pa3/el MPOCKTHOM JOKYMEHTaluu U (Win) padbodeit
JOKYMEHTAllMM B  COCTaB€ MEPONPUATHA MO  OOECHEYEHHUIO II0XKApPHON
0€30MacHOCTH, COAep KAl OOOCHOBAHME MPUHATHIX MPOEKTHBIX PEIICHUN 110
crocobaM W CpEICTBAM  OTHE3alIUThl CTPOMUTENBHBIX KOHCTPYKLMM 1S
oOecrieueHusl UxX Ipesiesia OTHECTOMKOCTH, C YU4ETOM 3KCIIEPUMEHTAIbHBIX JaHHBIX
[0 OTHE3AIIUTHOW 3()(PEKTUBHOCTU CPENICTBA OTHE3ALIUTHI, a TaKXe pe3ylbTaToB
MIPOYHOCTHBIX W TEIUVIOTEXHUYECKUX PACUYETOB CTPOUTEIBHBIX KOHCTPYKUUWA C
HaHECEHHBIMU CPEICTBAMH OTHE3AIUTHI;

3.9. CTPOMTEJbHA  KOHCTPYKLMS: 49acThb  3JaHMsI WIM  COOPYKEHHS,

BBIIIOJIHAIOIIASA OIPCACICHHBIC HCCYINHUC, OrpaKaaromuc Hu (I/IJ'II/I) ICTCTHUYCCKUC

byHKIUH.
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4. AHCTPYKIMS IO ONPEAEJEHUIO HEOBXOIUMOM TOJIIUHBI
OT'HE3AIIIATHOI'O MMOKPHITUS B 3ABUCUMOCTH OT NIPUBEJIEHHO
TOJIIIMUHBI METAJLJIA U TPEBYEMOT'O IPEJIEJIA OTHECTOUKOCTH

4.1 Ucxoanble 1aHHbIE 115 pa3padoTku UHCTpyKunu

B cooTBeTcTBUM € MpPEAOCTAaBICHHBIMM OTYETaMHU B KadecTBE OOpa3loOB IS
UCHIBITAHUM MPUMEHSIIUCH CTEPKHEBBIEC AJIEMEHTBI C Pa3IMYHOMN MPUBEICHHON TOJIIIUHON
MeTajla, KOTOpble OOJUIOBBIBAINCH CUCTEMOM  KOHCTPYKTHBHOW  OTrHE3alUThI
«ET TIlpodwunb», cocrosimieii M3 cocraBa TepMocTolkoro kiesmero «llmazacy (TY
23.99.19-013-08621635-2020) Tomnmmuoii 1,5MM. (pacxos He MeHEe 2Kr/M’) U MaTepuaia
0a3aJIbTOBOTO  OTHE3AIIUTHOIO pYyJOHHOro (oasrupoBanHoro. (TY 23.99.19-018-
08621635-2020) pa3auyHbIX TOIIIIMH.

MOHTaXX OrHE3allMTHOTO TMOKPBITUSL  OCYIIECTBISUICSS B  COOTBETCTBHUM C
TEXHOJIOTUYECKUM PErIaMEHTOM MOHTaXa Ha KOHCTPYKTHBHBIA CIOCOO OrHE3aIUThI
MeTayumuecknx KoHcTpykiuit cuctemoit «ET «IIpoduiby.

Hcnbrtanus o0Opa3uoB crajbHbIX KoJoHH npoBoawiu o 'OCT P 53295-2009 npu
YETHIPEXCTOPOHHEM TEIJIOBOM BO3EHCTBUM MO CTAHIAPTHOMY TEMIIEPATYPHOMY PEKUMY
cormacro TOCT 30247.0-94 10 TOCTIKEHHS KpUTHIECKOi TemmepaTypst 500 (700) °C.

[Topsimox mpoBenEHUS MCIBITAaHUM, HCIBITATEIbHOE O0OpYAOBaHUE, PE3YJIbTAThl
WCTIBITAHUM ONMUCaHbl B MPEACTaBICHHBIX OTuyeTax. CBOJHBIE PE3yJbTaThl UCIBITAHUN
MpuBeIeHBI B TabauIe 4.1.

Tabnuua 4.1 CBojiHbIE pe3yJbTaThl OTHEBBIX UCIIBITAHUI

IIpuBeneHnas Bpems nocTuaxenusi Kpurtuueckoi Temmneparypsi 500 (700) °C, mun., npu

TOJIIHUHA METAaJLJIa, TojmuHe MBOP @, mm
MM 5 8 13 16 26

1,5 46 (61)
3.4 33 (50) 92 (110)
4,92 92 (102)
791 126 (139)
9,42 151
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4.2 Meroanka 00padOTKH JaHHBIX OTHEBBIX HCIIBITAHUM

O6paboTka JaHHBIX OTHEBBIX MCIBITAHUN BBINOJHEHA METOJIOM YHUCJIOBOM
perpeccuu B COOTBETCTBUU ¢ METOJIMKOM, U3JIOKEHHOM B mpuioxkeHud H [5] ¢ momorisio
nporpamMmmHoro komiuiekca MS Excel. Meroauka oOpaOoTKu MpHUBEACHA B MPUIOKEHUU
A.

4.3 Pe3yabTarhl 00pa00TKM JAHHBIX OTHEBBIX HCIIBITAHUI

PesynpTaThl MaTtemaTmdeckoil OOpaOOTKM JaHHBIX OTHEBHIX HCHBITAHUN OBLIN
IpoaHAIM3UPOBaHbl U 00001eHbl. Ha ocHOBaHuM aHanu3a OblIa MocTpoeHa Tadmuna 4.2
ONPEAECICHUIO MPEAECTIOB OTHECTOMKOCTH B 3aBUCHUMOCTHA OT MPUBEACHHOW TOJIIINHBI
MeTajula U TOJNIIMHBI OTHe3auTHOro Mmarepuana MbOP .

Tabmuma 4.2 3aBUCUMOCTb TOJIIMHBI OTHE3alUTHOrO Marepuara MBOP @ ot
TpebyeMoro mnpejena OTHECTOMKOCTH CTATbHOM KOHCTPYKIIMHU M ITPUBEICHHON TOJIIMHBI
MeTaJljla TPU KPUTUYECKOM TEMITEpaType CTanbHOM KOHCTPYKInH S00 °C

tred, Mmm R15 R30 R45 R60 R90 R120 R150

1,5 5 8 8 13 18 23 H/’
1,6 5 8 8 13 18 23 H/11
1,7 5 8 8 13 18 23 /1
1.8 5 8 8 13 18 23 /1
1,9 5 8 8 13 18 23 /1
2 5 8 8 13 18 23 /1
2.1 5 8 8 13 18 23 /11
22 5 8 8 13 18 23 /11
2.3 5 8 8 13 18 23 /1
2,4 5 8 8 13 18 23 /11
2,5 5 8 8 13 18 23 /1
2,6 5 8 8 13 18 23 /11
2,7 5 8 8 10 18 23 /1
2.8 5 8 8 10 18 23 /1
2,9 5 8 8 10 18 23 /1

3 5 8 8 10 16 23 /1
3,1 5 8 8 10 16 23 /1
3,2 5 8 8 10 16 23 /1
3.3 5 8 8 10 16 23 H/11
3.4 5 5 8 8 16 23 /1
3,5 5 5 8 8 16 23 H/11
3,6 5 5 8 8 16 23 H/11
3,7 5 5 8 8 16 23 /1
3.8 5 5 8 8 16 23 H/11
3,9 5 5 5 8 16 20 H/n
4 /! 5 5 8 16 20 /11
4,1 H/T 5 5 8 16 20 H/I
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tred, MM R15 R30 R45 R60 R90 R120 R150

4.2 H/T 5 5 8 16 20 H/I
4.3 H/T 5 5 8 16 20 H/I
4.4 H/T 5 5 8 16 20 H/JT
4.5 H/T 5 5 8 16 20 H/I
4.6 H/T 5 5 8 16 20 /1
4,7 H/T 5 5 8 16 20 H/I
4.8 H/T 5 5 8 16 20 H/1
4.9 H/T 5 5 8 13 20 H/IT

5 H/T 5 5 8 13 20 H/I
5,1 H/T 5 5 8 13 20 H/IT
5,2 H/T 5 5 8 13 20 H/I
5,3 H/T 5 5 8 13 20 H/IT
5.4 H/T 5 5 8 13 20 /1
5.5 H/T 5 5 5 13 20 H/I
5,6 H/T 5 5 5 13 20 H/1T
5,7 H/T 5 5 5 13 20 H/I
5,8 H/T 5 5 3 13 20 H/1T
5,9 H/T 5 5 5 13 20 /1

6 H/T 5 5 5 13 20 H/1T
6,1 H/T 5 5 5 13 20 H/1T
6,2 H/T 5 5 5 13 18 H/I
6,3 H/T 5 5 5 13 18 H/1T
6,4 H/T 5 5 5 13 18 /1
6,5 H/T 5 5 5 13 18 H/7
6,6 H/T 5 5 5 13 18 H/ 1T
6,7 H/T 5 5 5 13 18 H/ 1T
6,8 H/T 5 5 5 13 18 H/7
6,9 H/T 5 5 5 10 18 H/ 1T

7 H/T 5 5 5 10 18 H/1
7,1 H/T 5 5 5 10 18 H/ 1T
7,2 H/T 5 5 5 10 18 H/1
7,3 H/T 5 5 5 10 18 H/1
7.4 H/T 5 5 5 10 18 H/ 1T
7,5 H/T 5 5 5 10 18 H/1
7,6 H/T 5 5 5 10 18 H/ T
7,7 H/T 5 5 5 8 18 H/I
7,8 H/T 5 5 5 8 18 H/1
7,9 H/T 5 5 5 8 16 26

8 H/T 5 5 5 8 16 26
8,1 H/T 5 5 5 8 16 26
8,2 H/T 5 5 5 8 16 26
8,3 H/T 5 5 5 8 16 26
8,4 H/T 5 5 5 8 16 26
8,5 H/T 5 5 5 8 16 26
8,6 H/T 5 5 5 8 16 26
8,7 H/T 5 5 5 8 16 26
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tred, mm R15 R30 R45 R60 R90 R120 R150
8,8 H/T 5 5 5 8 16 26
8,9 H/T 5 5 5 5 16 26
9 H/T 5 5 5 5 16 26
9,1 H/T 5 5 5 5 16 26
9,2 H/T 5 5 5 5 16 26
9,3 H/T 5 5 5 5 16 26
9.4 H/T 5 5 5 5 16 26
IIpumeuanusi: 1.  orHe3ammra He Tpedyercs;
2. npuMeHeHue orue3ammTHO cucteMbl «ET Ilpoduiab» He nonyckaercs;
3. npuBefeHHas ToamuHa MBOP @ siBasiercsi MUHUMAaJbHO-PACYeTHOMH, NpPH

pa3padoTKe pelleHUIl MO TNMOBBLINIEHUI0 OTHECTOMKOCTH KOHCTPYKIUI HEO0X0AMMO NPHUMEHATH
HOMEHKJIATYPY TOJIIIUH NPOU3BOAUTEJIS.
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5.PACYET OTHECTOMKOCTHU CTAJIBHBIX KOHCTPYKIIN U
ONPEJAEJIEHUE TOJIIHWHBI MBOP @ B OTHE3AIIIUTHON CUCTEME
«ET TPO®WJIb» 1JI51 OBECHHEYEHUS TPEBYEMOTI'O ITPEJIEJIA
OIrHECTOMUKOCTHU CTAJIBbHOW KOHCTPYKIIMUU

5.1 O6umue moJs1o:keHus Mo pacyery [7]

OrHecToMKOCTh HECYIIMX METAUNIMYECKUX KOHCTPYKIMI yTpauuBaeTCs BCIIEICTBHE
CHIDKEHMS IIPY HarpeBe MPOYHOCTU U YIPYIOCTH METajlla, a TAaKXKe 34 CYET Pa3sBUTHS €r0
IUTACTUYECKUX U TEMIEPaTypHBIX Aeopmariuii [7].

[Ton Bo3neiicTBMEM 3TUX (QAKTOPOB TMpeAesl OTHECTOMKOCTH KOHCTPYKIUU
HACTyIlaeT WIM B PE3ysbTaTe IOTEPU NPOYHOCTH, WM 3@ CUYET IOTEPU yCTOMYMBOCTH.
Tomy w® JpyroMy Ciay4dar COOTBETCTBYET OIPEACIICHHAS TEMIlEparypa Harpesa
KOHCTPYKLIMU, Ha3blBaeMasi KPUTHUYECKOH, KOTOpas 3aBUCUT B OOIIEM cCiydyae OT BUAA
KOHCTPYKIMH, €€ pa3MEPOB, MAPKHU METAJIa, CXEMbI ONIUPaHUs U pabodeil Harpy3Ku.

Kputnueckas temrneparypa CTaIbHBIX KOHCTPYKUMN, HAXOAAIINUXCS MO AEMCTBUEM
HOPMATHBHON HATPY3KH, MOXET OBbITh MPHHATA npubmmkenHo pasHoi 500 °C. Ilpu
MEHBIIIMX Harpy3kax, a TakkKe C LeIpl0 00Jee TOYHOro ONpeleieHus Mpezena
OTHECTOMKOCTH, KPUTHYECKAs] TEMIIEPATYpa KOHCTPYKLUN JOJDKHA HAXOIUTCA PACUETHBIM
IIyTEM B 3aBUCUMOCTH OT IEPEUYMCIICHHBIX BBIIIE TAPAMETPOB.

OTOT pacyeT COCTABIAET COAEPKAHHME CTATHUUECKOM 3aJauM ONPENEIICHMS Ipenena
OTHECTOMKOCTH METAJUIMYECKUX KOHCTPYKLIHHM.

TennmoTeXHMYECKass YaCTh pacdyeTa OTHECTOMKOCTH 3TUX KOHCTPYKLMM CBOJIUTCS K
ONPENEIICHUI0 BPEMEHU HArpeBa MX MeTaula 10 3aJaHHOM KPUTHUYECKOW TemIepaTyphl.
IIpn < oTOM  BCHEACTBME OrPOMHOM  TEIUIONPOBOJHOCTHM METAJUIA  PaCIpENEICHUE
TEMIIEpaTypbl MO €ro CEYEHHI0 B OOBIYHBIX KOHCTPYKIHUSAX MOXHO TPUHATH
PABHOMEPHBIM, YTO 3HAYNUTEJIBHO YIIPOILAET pacyer.

[TosTOMY B Cilyyae HE3AIUILIEHHBIX METAUINYECKUX KOHCTPYKIIMN PACCUUTHIBAECTCS
TOJBKO U3MEHEHHE TEMIIEPATyphl METAJJIa BO BPEMEHHU B 3aBUCHMOCTH OT €TI0 MaccChl U
TEIUIOEMKOCTH.

PacueT orHecToMKkoCTH METaJUIMYECKMX KOHCTPYKIUH 11e5ieco00pa3HO HAUMHATH CO

CTaTUYECKOM YacCTH, T. €. C ONPEACIICHUS KPUTHUYECKUX Temrieparyp. [lanee nmpousBoasaT
15



TEIUIOTEXHUYECKUN PaCcyeT, B PE3yJIbTaTe YEero HAXOJAT BPEMs HarpeBa KOHCTPYKLHUHU A0
KPUTHYECKON TEMIEepaTyphl, T.€. €€ MPeIesl OTHECTOUKOCTH.

[Ipenen OrHECTOMKOCTH MeTAUIMYECKUX (epM U JIPYyruxX MPOCTPAHCTBEHHBIX
AJIEMEHTOB HACTyNaeT B pe3yibTaTe MOTEPU HECYIIeH criocoOHOCTH Hambosee ciaaboro ¢
TOYKH 3PEHUSI OTHECTOMKOCTH AyieMeHTa. [l BBIABJICHMSI TAaKOTO 3JIEMEHTa HaxOIATCS

npenenbl OTHECTOMKOCTH BCEX OJHOTHUITHBIX HArpyKEHHBIX CTOEK, PAaCKOCOB U HOSICOB
bepmbl.
5.2 CtaTnyeckasi 4acTh pacyera

C:xatple KOHCTPpykuMu. [Ipu HarpeBe 10 BBICOKMX TEMIEPATyp LEHTPAIBLHO-
C)KaTble CTEP>KHU (KOJIOHHBI, CTOMKH, PACKOCHI) yTPAUMBAIOT HECYIIYIO CTIOCOOHOCTH WIIH
B pe3yJIbTaTe MOTEPU MPOYHOCTH, UITU 3@ CUET NOTEPH YCTOUUMBOCTH.

[Torepss TpOYHOCTHM  HACTYMaeT  BCAEACTBHE = CHIDKEHUS ~ HOPMATHUBHOTO
CONIPOTUBJICHUSI MeETajljla HArpeBaeMoro CTEepXHS A0 pabouyux HaIpsDKEHUH B €ro
nornepeyHoM ceyeHuH. OOBIYHO 3TOT CiIyd4ail MMEET MECTO Yy CTEpKHEW ¢ Majod H
cpeaHel THOKOCTBIO.

CrepxHu ¢ OONbIIOW THUOKOCTBIO TP HArpeBe, Kak M TP HOPMAJIbHBIX
TEMIEpaTypax, 3a CUYeT HaIW4Ms Jake MalblX OJKCICHTPUCUTETOB, BBI3BAHHBIX
HCKPUBJIEHHEM OCH, BHELIGHTPEHHBIM NPUJIOKEHUEM HArpy3Kd U T.II., MOTYT yTpauyUBaTh
HECYIYI0 CIOCOOHOCTh BCIEICTBUE IMOTEPU YCTOMUMBOCTU H3-3a CHUKEHHUS MOJIYJIS
YOPYroCTH U pocTa Aedopmanuil TeMIepaTypHOW MOJIBYYeCTH MeTayjia MPU BBICOKUX
TeMIepaTypax.

VY xojoHH (cTepikHeil) ¢ OOoJIbIION THMOKOCTBIO KPUTHYECKAash Pa3HOCTh KPAaeBbIX
aedopMaiii. mon3ydecTd Ag, CBsi3aHA C KPUTHYECKOW TEMIEPAaTypoOil f.. U CTEIICHBIO
HArpy>KEHUs y, CIEeAYIOIEel 3aBUCUMOCTBIO:

Ag, =4-107(T,,—1,)’ (5.1)

Y KOJOHH ¢ Majnoll W cpeaHel THUOKOCTBIO 3Ta CBA3b XapaKTEpHU3yeTCs
SKCIIOHEHUMAJIBHBIM 3akOHOM. C y4eToM 3THX 3aKOHOMEpHOcTe Ha puc. 5.1
Mpe/CTaBICHbBl 0000IIEHHbIE KpHUBBIE H3MEHEHHs @, CKaThIX CTEp)KHEH C PpOCTOM

KPUTHUYECKOM Pa3HOCTH KpaeBbIX AeopManuii Ag, Mpu pa3iMuyHON CTENEHU HArpY>KEHUs
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Va
[Io >TuMm KPUBBIM MOKHO OIIPCIACIUTD tcr KaK 1 OCHTPAJIIbHO-CKATBIX, TAK H

BHCHICHTPCHHO CKATbIX CTCp)KHCfI.

[Tpu 5TOM U1 LIEHTPATIBLHO-CKATHIX CTEPXKHEH A€, HaXOUTCs 10 popMyIie:

2
T~ o,

Agn :?_E, (5.2)
rae:
/. — TUOKOCTD CKATOTO CTEPIKHS;
0y— HAIPSHKEHUE B CEYCHUH OT JICMCTBUSL HOPMAaTUBHOW Harpy3ku, MIla;

E — Momynb yupyrocru cramu, E=2,1-10° MITa.

B ClIydaC BHCICHTPCHHOI'O CiKaTHA Agn H Y, BBIYUCIIAIOTCA 110 (bOpMYJIaMI

T O b
Agn:?_Tﬁ’ (5.3)
y, = e (5.4)

N N-
Gpa6:F+W_e (55)

rae:
2
F — miomaape monepeyHoro ce4eHusi KOHCTPYKIUU, M*;
Ry, — HOpMaTUBHOE CONPOTUBIIEHNE CTAJIM 110 Npeneny Tekydectu, Mlla;
W,,, — IIaCTUYECKUI MOMEHT CONPOTUBIICHUS CEUEHUS, M ;
€ — DKCLIEHTPUCUTET MPUIIOKECHUS HATPY3KHU, M.

17



£ 4104

o
|

160

|
!

W |

120 . ﬁ . Iwc l 1A

100 NP ch 550%’ ‘
| I
|
:'
/

L |
. | | /11
A
RN N/
WA 2

e et —
0 0,5 0.6 0.7 7,

0 01 0203

Pucynok 5.1 — Kpussie nedopmaruu craneit npu: g;; < 0,02, remnepatype t °C u crenenu
HarpyxeHus yr npu R,, < 290 Mlla; ----- Ry, =290 MI]a [6, 7]

N3rudaempble KOHCTPYKIUM. OTNBITHI MOKA3bIBAIOT, YTO CTAJbHbIE OAJKU MpPH

NEUCTBUM OTHS CHM3Y pa3pyllaloTcs B pe3yJbTaTe€ HarpeBa HIKHEW TOJIKK [0

KpUTHYECKON Temiepatypsl f... Bennunna ee Haxoautcs mo t1abm. 5.1 B 3aBUCUMOCTH OT

koaddurmenTa y,, paBHOTO:

(5.6)

rje

M — maxcuManbHBIN M3TrHOAIOIINI MOMEHT OT JIEUCTBUS HOPMAaTUBHOW Harpysku, H-wm;
W, = TUTaCTUYE€CKUH MOMEHT CONIPOTHUBJICHUSI CEUCHUS, M ; JUISL IPSIMOYTOJIBHOTO CEUYEHUS
Wi = 1L5W; i nByraBpoBoro ceuenus W, = 1,L17W;

Ry, — HOpDMaTUBHOE CONPOTHUBIIEHHE 110 MIPEIETY TEKYUECTH.
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Tabmuma 5.1 3nauenue koddduuMeHTa y,, YUUTHIBAIOUIETO M3MEHEHHE HOPMATHUBHOTO
CONpOTUBIEHUS R,,, B 3aBUCUMOCTHU OT TEMIIEPATyphl [6]

Temmneparypa, C° Ya
20 1,0
100 0,99
150 0,93
200 0,85
250 0,81
300 0,77
350 0,74
400 0,70
450 0,65
500 0,58
550 0,45
600 0,34
650 0,22
700 0,11

PacrsinyThle koHCcTpyknuM. Kputnueckas Temneparypa LEHTPaIbHO-PACTIHYThIX

CTep KHeH HaxoauTcs 1o Tabi1. 5.1 B 3aBUCUMOCTH OT KO3 PHUIlMEeHTa y, paBHOTO:

Vo= (5.7)

rae

N — HOpMaTHBHAs Harpy3ka npu mnoxape, H;

F — m101map MOMepedHOro CeYeHHs: KOHCTPYKIHIH, M,

R, — HOpPMaTUBHOE COIIPOTHUBJICHUE MO Npeneny Tekydectd, MITa.

5.3 TemnorexHu4eckas 4acTh pacyera

KoaddunueHT remnonepenayuu, a OT Cpe/ibl Moxkapa K 000rpeBaeMoil oBepXHOCTH
KOHCTPYKITUU BBIYHCIISICTCA 110 (hopMyIIe:

4 4
a=29+5,77s,, LR IED (5.8)
¢ 0

re:
t,— TEMIIepaTypa «CTaHAaPTHOrO Moxkapa» 1o dopmyie (5.9);
fp— Temmepatypa oborpeaemoit mopepxHoctu, K;
1

Sup =

A/s)+A/sy)—1
MMOBEPXHOCTh KOHCTPYKIIUNY;
s=0,85 — CTENECHb YEPHOTHI CPEBI OTHEBON KaMEPHI TICUN;

— IMPUBCACHHAA CTCIICHb YCPHOTbBI CHCTCMbLI «OrHEBas KamMcpa —

s, =0,74 — CTeNIeHb YEPHOTHI 000TPEBAEMOI TOBEPXHOCTU KOHCTPYKIUH.
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t =3451g(0,133t+1)+7, , (5.9)

rjae:
T — BpEMsi UCIIbITaHMUs, C;
t,— HadaJibHas TemIeparypa KOHCTpyKuuu, 293 K.

Y MeTaniM4ecKuxX KOHCTPYKIMH TeMmIeparypa o0orpeBaeMoi IMOBEPXHOCTH
CYILIECTBEHHO 3aBUCHUT OT TOJIIMHBI METAJLIA.

B »ToM ciywae 11 MOMy4YeHUs aHAIUTUYECKHX PEIICHUN - Helb3s 3a7aThCs
IPaHUYHBIM YCJIOBHEM MEPBOTO POAa, T.€. KAKUM-TO 3aKOHOM H3MEHEHHS TEMITepaTyphbl
o0orpeBaeMoOil MOBEPXHOCTH, KaK »3TO BO3MOXHO B Clydae IKeJI€300€TOHHBIX
KOHCTPYKLIMH, Yy KOTOPBIX TeMIepaTrypa 0o0OrpeBacMOiM MOBEPXHOCTH MPAKTUIECKH
OJIMHAKOBA.

B ciydae MeTamnuueckMX KOHCTPYKLUMH KpaeBylo 3aqady HECTAalMOHApHOM
TEIUIONPOBOAHOCTH CIIEAYET pPEeIIaTh MPU TPAaHUYHBIX YCIOBHSX TPETHETO POAa, T.€. MPHU
3aJJaHHOM TEMIIEPATYpPHOM pEeXHUME «CTaHAApTHOro Tmoxkapa» 1o ¢opmyine (5.9) u
KO3 (ULUEHTE TEMJIONepeIayd @ OT HarpeBaloUIe cpeibl K MOBEPXHOCTU KOHCTPYKIUU
o popmyse (5.8). ITu KpaeBble YCI0BUs HenuHEHbl. HennHeitna Takxke Terionepeaaya
B TOJNIIE KOHCTPYKIMM, TaK KakK TEIUIOQU3UUECKUE XapaKTEepUCTUKU MeTaula |
OOJIMIIOBOK 3aBHCST OT TEMITEPaTypHI.

[Tpu 3THX yCIOBUAX MONYYEHHE aHAIUTUYECKUX PEUICHUH BO3MOXKHO MPAKTUUYECKH
TOJIBKO MyTEM HCIOAb30BaHUS MOCTOSIHHBIX KO3(P(PHUIIMEHTOB TEIUIONEPEHOCa, HAlIEHHBIX
P KaKUX-TO CPEAHMUX TeMIepaTypax.

He3amuniennble koHcTpykuMu. Kak u3BecTHO, Meraiml 00JaJaeT OTPOMHBIM
KOA((UITNEHTOM TEMIIEpaTypPOIPOBOJHOCTH, 3a CUET YETO BHIPABHHWBAHWE TEMIIEPATYpPhl
M0..€r0 TOJNIIMHE MPOUCXOAWT BechMa OBICTPO. DTO JAaET BO3MOXKHOCTHh IO CEYCHHIO
MeTaljla KOHCTPYKIMI Tpu HarpeBe MPUHATH PABHOMEPHOE  paclpeneicHue
Temmeparypbl. B aTom ciydae nuddepeHnmanbHoe ypaBHEHUE HarpeBa CTEp)KHs OyneT

UMETh BUJIL:
a(?p (ZB - tcm )Scmaz- = ccp j/CWl‘/CWlatCWl > (5 ¢ 10)

rae
a,, — CpeaHuid KO3()ULUEHT TEIIONEPENAYM K TIOBEPXHOCTU CTEPIKHS,
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t_— TEMIIEpaTypa o CTAaHAAPTHOU KPUBOM;
t,, — TeMIIEpaTypa CTEPXKHI;

S.,— 00orpeBaeMasi HOBEPXHOCTb CTEPIKHSI;
T - BpeMH;

¢, — CPEHSISI TETUIOEMKOCTh MCTAJLIA,

Y., — IJIOTHOCTb CTaJIH;

V,, —00BeM MeTalIa CTEPIKHS;

Cwmbica ypaBHeHHs (5.10) cOCTOUT B TOM, UTO BCE TEILIO, IOCTYHAIOIIEE B CTEPKEHb
yepe3 000rpeBaeMyro OBEPXHOCTh, PACXOAYETCSl Ha HarpeB 3TOTO CTEPIKHS.

[Tocne nmpeoOpazoBaHuii UMEEM:

or et

acp (tB - tCT) = CCpYCT

S, ot~
VCT
O06o3Hauas s - t., AMeeM
ot,,
an (tB - tCT) = Ccch’[trcd : at 2 (5. 1 1)

rae t. , — IpuBE€ACHHAA TOJIIMHA METajlia, M.

Breipaxxenune (5.11) npeacraBnsieT co0Ooil ypaBHEHHME TEIJIOBOro OanaHca TpH

HAarpeBe HEOTPAHWMYEHHOW IJIACTHHBL TOIIIUHON t OJlHA TIOBEPXHOCTh KOTOPOW MMEET

red ?
HACAJIbHYIO TCIIJIOU30JIALIUIO.

Bennuuna t,,, TakuM 00pa3oM, JaeT BO3MOXKHOCTb CTEPXKHM, UMEIOIIKE JIHO0YI0

KOH(UTYypalHio MONEePEYHOr0 CEYEHHUsI, IPUBECTH K MPOCTOM MJIACTHHE.

Yuciendbie pemeHus ¢ nomoub IBM. boibmmm nmpenMymecTBOM YMCIEHHBIX
pELICHUN SIBISETCS UX YHUBEPCAIbHOCTh. OHHU JAIOT BO3MOYKHOCTH YYECTh B PAcCyeTe HE
TOJIBKO JIIOObI€ T'PAHUYHBIC YCIIOBUS M JIIOOYI0 T€OMETPHUIO CEUEHHUS KOHCTPYKIIMH, HO
TaKKe HEJIMHEWHOCTh XapaKTEPUCTUK TEIUIONEPEHOCA U PACXO/I TEIJIA HA NCTIAPEHUE BOBI
B mopax oONUIOBKH. [IprMEeHEeHNE YMCICHHBIX PEIICHUH OOBIYHO CBSI3aHO C OOJBIION
BBIYMCIIUTENILHON pabOTON. DTOT CYHIECTBEHHBIM MMPU PYYHOM pacueTre HEI0CTATOK
JNAHHBIX PELICHUH JIETKO MPEO0I0IEBACTCS B MHKEHEPHOW MMPAKTUKE MYTEM MCITOIb30BAHUS

OBM.

21



Beipazum muddepenunansioe ypaBHenue (5.10) B pa3HOCTHOM BHIE, 3aMEHssS

cpennre KodQQUUMEHTBI a, W ¢, UCTUHHBIMH UX 3HaueHusAMHM a U Ct mpu BBICOKHX

TEeMIIepaTypax.
a(tg - tcm ) Scm AT = (CC'ITI + DCth‘}'ﬂ )ycml/cm (t(_’m,AT - tC‘}'ﬂ ) > (5 . 12)

rae
C,, — HA4aJIbHBIA KO (UIIMEHT TEIJIOEMKOCTH METaIla;

DCT - KOB(I)(i)I/IHI/IeHT N3MCHCHMUS TCIINIOCMKOCTHU MCTaJlJIa,

t — TCMIICpAaTypa CTCPIKHA 4CPC3 paC"IGTHLIfI HHTCPBAJI BpCMCHHU At}

CcT,AT

a — KOo3(ppUIMEHT TeTuIonepeaaun K MoBepXHOCTU CTepKHS (5.8).

3amenum S =I1;V,, =Fl,
rae [I — oborpeBaeMblil mepuMETp CEUEHHsI CTEpPXKHS, M; F — TUIOmaabs MonepeyHoro
CCUCHHMS CTEPIKHS, M*; | — JTHHA CTEPIKHS, M.

[Tocne noacTaHOBKY U PeoOpa30BaHUi TIOTYUUM:
B At
Yt (Co ¥ D 1)

cm-cm

a(t, <t,,)+1,,, (5.13)

cm,AT

r€e At — pacueTHbI HHTEpPBaJl BPEMEHHU, C;
t,eq — IPUBEJICHHAS TOJIIMHA METaJlIa, M

®opmyna (5.13) sBASETCS AJITOPUTMOM JUIsI MAIIMHHOTO pacyeTa TeMIIepaTyphl
HE3AIIUIIECHHBIX  METAUIMYECKUX  KOHCTpyKiui. TemmepaTypa  He3allMIIEHHBIX
METAINTMYECKUX KOHCTPYKIIUM B MIPOIIECCE HArpeBa, KaK 3TO ClIeyeT U3 ypaBHeHus (5.13),
3aBUCHUT TOJBKO OT OJHOTO T€OMETPHUYECKOIO IMapaMeTpa — IMPUBEAECHHON TOJIIHHbI
METAJIA 1,4

OTO MO3BOJSICT IJIsi KaXJOM MPUBEICHHOW TOJIIKWHBI METalla COCTaBUTh OJIHY
HOMOTpaMMy, C MOMOIIBID KOTOPON MOKHO OIpENesiTh TeMIIepaTypy HE3alMIICHHBIX
KOHCTPYKITUH JTFOOBIX CEUCHHM.

Takasi HOMOTrpaMma, COCTaBJI€HHas ¢ MOMOIbI0 DBM, miisi KOHCTPYKUUA U3 CTaau

n3o0pakeHa Ha pucyHke 5.2 [7].
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Bpemsa, muH

P HCYHOK 5.2 — 3aBHCUMOCTbH TEMIICPATYPbI HC3AUIICHHBIX 3JICMCHTOB CTAJIbHBIX

KOHCTPYKIIMI OT BPEMEHHU HArpeBa Mo peskuMy «CTaHAapTHOro» mosxapa [6, 7].

Takum oOpa3om, i omnpeneneHus (AKTUYECKOTO Mpefesia OTHECTOMKOCTH
HE3AIIMIIEHHBIX 3JIEMEHTOB CTAJbHBIX KOHCTPYKUHMWA NpPU JEHWCTBHUM «CTAaHIAPTHOTO)
noXkapa HeoOX0AUMO ONPEEIUTh 3HAUCHUE KPUTHUECKOW TeMIIepaTyphl f.. (CTaThyecKas
3a/1a4a), a 3aTeM 3HAYEHUE MPUBEICHHON TOJIIUHBI METAIIA 1,y U TIPEIEN OTHECTOMKOCTH

II; (TeruloTrexHudeckas 3amava). Ilpumepsl pacuera NPHUBEICHHOW TOJIIMHBI METalla

MpUBEAEHBI B Ta0IuIe 5.2.

Tabnuua 5.2 [Ipumepbl pacuera MPUBEIECHHOMN TOJIIIMHBI METaJlIa

Ceuenus, o6orpeBaembie 0 BCceMy NepuMeTpy trou
.
2h+4b—-2s

ol S 4
2h+4b-2s

[
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Ceuenus, o60rpeBaemMbie 0 BCceMy NepuMeTpy

t g

Ceuenusi, ¢ YaCTUYHBIM 000IPEBOM NepUMETPa tou

hl = A
2h+3b-2s

L
2h+3b-2s

BpemMsa npocTikeHUs KPUTHYECKOM TEMIEpPaTypbl CTaJIbHOM KOHCTPYKLHMH C
oruezamuroi cuctemoit «ET Ilpodunby onpenensiercs no dhopmyne (5.14) Ha ocHOBaHUU
YpaBHEHUSI YHCJIIOBOM  pPETPEeCcCHH, IMOJIYYEHHOTO B pe3yibTare OoOpabOTKH JTaHHBIX
OTHEBBIX HCHBITAHUM B COOTBETCTBUM C MeTOoAuMkoN mnpuioxenus H [5]. Meroauka
00pa0OTKM JaHHBIX OTHEBBIX HCIBITAHUN MpPUBEJAEHA B MPUIIOKEHUU A HaCTOAIICH

NHcTpykiun.

t=a, + aldp + azdptml +a,t, + a4dpt(,r + asdptcrtmd +agt, t,, tat.,, (5.14)
rjae:

ap— ay;— KO3 PUIMEHTHI ypaBHEHUSI PETPECCUU:

ap = 7,062475397;

a; = 1,243207199;

a, = 0,0019136;
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az = -0,053212758;
ay = 0,008906528;
as = -0,000704411;
as = 0,019291348;
a; = 1,011470036;

dp — TOJIILIMHA OTHE3AIUTHOTO TOKPBITHUS, MM.

Metoquka NOpPOEKTUpPOBAaHUS TpeOyeMOW TOJIIMHBI OTHE3AIUMTHOM  CUCTEMBbI
«ET Ilpodunb» i CTadbHBIX KOHCTPYKIIUH CBOAMUTCS K OINPEACICHUIO TOJIIMHbI
MOKPBITHSI B 3aBUCUMOCTH OT TpeOyeMoro Ipejesia OTHECTOMKOCTH KOHCTPYKLHH,
KPUTHUYECKOM TEMIIEPATYpPbI, BEIYMCIEHHON B COOTBETCTBHM € pA3JeiaOM 5.3 HaACTOAIIEH
WNHCTpyKUMK ¥ TPUBEIECHHOM TOJIIMHBI METajla, UCIONb3Ys Tabaullbl, IPUBEICHHbBIC B

MIPUIIOKEHUH b.

25



CIIMCOK JIMTEPATYPbI

. Texumueckuii permameHT o TpeOOBaHUAX mMoOXkapHO OezomacHoctu [Tekcr]:
denepanbubIil 3ak0oH Poccuiickoit @eneparuu ot 22 utonsg 2008 r. Ne 123-d3 — M.:
N3narensckuit nom «Axyp», 2008 — 132 ¢.;

. Konctpyknun crpoutenbHbie. MeTOIbI UCHBITAHUN Ha OTHECTOMKOCTH. OOmue
tpeboBanust [Texcr]: T'OCT 30247.0: mpunsT MexrocyqapcTBEHHOM Hay4HO-
TEXHUYECKOW KOMHUCCUEN MO CTAaHIApTU3alMU U TEXHUYECKOMY HOPMHUPOBAHUIO B
ctpoutensctBe (MHTKC) 17 nHoa6ps 1994 Neo 18-26. — M.: H3natenbcTBO
cTta”aaprtos, 1996. — 11 c.;

. KoHcTpykiuu crpoutenbHble. METOIBI HCIIBITAHUM HA OrHECTOMKOCTh. Hecymue u
orpaxpatomue KoHCTpykiuu: ['OCT 30247.1: npunar MexrocynapcTBEHHOMN
HAay4YHO-TEXHUYECKOM KOMHUCCHEW II0 CTaHAAPTH3alUU U  TEXHHUYECKOMY
HopmupoBanuto B crtpoutenscTtBe (MHTKC) 17 nHos0ps 1994 Ne 18-26. — M.:
N3narenbcTBO cTrangapToB, 1996. — 8 c.;

. CpencTBa orse3amuThl A CTAIbHBIX KOHCTpYKUMi. OOmue tpedoBanus. Meroa
onpenenenus oruezamutHon 3dpdexrtuBnoctu [Tekcer]: TOCT P 53295-2009 — M.:
Cranpaptuadopm, 2009. — 13 ¢.;

. Metoasl ucnbITaHUIN JJIS OnipesieieHus (PaKTOpoB, BIUSIONIMX HA OTHECTOMKOCTH
CTPOUTENBHBIX KOHCTPYKUMi. YacTe 4. 3ammra cTalbHBIX KOHCTpyKumii: ENV
13381-4 (ENV 13381-4 Test methods for determining the contribution to the fire
resistance of structural members - Part 4: Applied protection to steel members).;

. Hemexun B. H. 3gaHus, coopyXeHHs U UX YCTOMYMBOCTh Npu mnoxkape [Tekcrt]:
yueO. Wig ciaymareiaeil U KypCcaHTOB MOXKapHO-TEXHUYECKUX O00pa30oBaTeIbHBIX
yupexaeranit MUC Poccun / B. H. lemexun, U. JI. Mocankos, I'. ®. [TntocHuHa, A.
1O. Cepxos, A. 10. ®ponos, E. T. ypun. — M.: ATTIC MUC Poccuu, 2003. — 656
C.;

. SxoBneB A. WM. Pacuer OrHECTOMKOCTHM CTPOUTENIbHBIX KOHCTPYKLMM. —

M. : Crporiuzpnar, 1988. — 143 c.

26
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INPUJIOKEHUSA

HNPUJIOKEHHUE A

Metoaunka o0padoTKH pe3yJIbTATOB OTHEBBIX HCIIBITAHUI

OO0paboTka pe3ylbTaTOB OTHEBBIX MCIBITAHUNA BBIMOJIHEHA METOJIOM YHCIOBOM
pErpeccuu B COOTBETCTBUM C METOAUKOM, N3JI0KEHHOU B nipriiokeHn H [5]. MexonubiMu
JAHHBIMH JUIsI OOpabOTKM IO 3TOM METOJIWKE TMOCIYXHJIH TOJIMHA OTHE3aMUTHOM
CUCTEMBI dp Ha 00pa3Iax JJisg UCIIBITAHUS B COOTBETCTBUU C [4], TeMIIepaTypHbIe JaHHbIC
10 MCTBITAHUAM, TPUBEACHHAS TOIIIMHA METATUIA 1,04

B cootBercTtBUM ¢ mnpuiioxeHuem H [5], yuMcIeHHbIA aHAIN3 MHOXKECTBEHHOM

JIMHECHHOM perpecCruu MpoBOIAT, UCIIOJIB3Y: CIICAYIOIICC YPABHCHHC:!

d, 0 0 1
t=a,+ad, +a2m+a36’x +a,d 0 +asdpﬁ+a6 AS/CV v (A.1)

rie:

ap— ay — KoOd(PPUIMEHTH ypaBHEHUS PETPECCUU;

dp — TONIIIMHA OTHE3ANTUTHOTO TIOKPBITHUS, MM;

A,/V — K03)QHUIHCHT CeueHHS CTAIbHOM KOHCTPYKIIMH, M ;

. 0
0, — KpUTHUYECKasi TeMIIepaTypa CTaIbHOM KOHCTpYKIuy, C.

B Poccun TpagunmoHHo BmecTo Kod(dduimenta ceuenus A,/V npumeHsercs
3HAUYEHHWE TMPUBEACHHON TOJIIMHBI METaa f,.4, KOTOpas (AKTHUECKH SBIAETCS
BEIIMYMHOM  oOpaTHOU mnpoduasHOMYy KO3 duiuenty cedenuss A,/V, mnodTomy B
JanbHeMIMX pacuerax OyAeT MHCIOIb30BAThCSl 3HAYEHUE MPUBEICHHOW TOJIIUHBI
METajlIa, TOT1a YPAaBHEHHE PErPECCUH TPUMET CIEAYIOIIUN BUL:

tred + a3t

t=a,+ad,+a,d . tadt, +ad .t +agt,t. , +at,, (A.2)

P pcr pier cr”red

Onpenencare Ko3(pOHUIIMESHTOB PErPecCUd dy — a; TPOBOAUIOCH IIPH ITOMOIIH
nporpamMmHoro komiuiekca MS Excel. IlomydeHHble B pe3ylbTaTe€ PErpecCHOHHOTO
aHanu3a Kod(PUIIMEHTHI ag— a; YMHOXKAIOTCS Ha KOppeKThpyromui koadduiuent (K<1),

JUTSl BBITOJTHEHUS KpuTepueB no 1. 13.6.1 [S]:
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- KOJIMYECTBO MOJIOXUTENbHBIX PAa3HUIl MEXKAY PACUETHBIMU 3HAYEHUSIMHU TEeMIEpaTyp

n ucneiTanueM He 6oitee 20 %;

- cpelHee 3HaYCHHUE Pa3HUIl TEMIIEpaTyp MEXIy pacueToM U UCIbITaHHEeM — MeHblie 0;

- KOJIMYECTBO MOJOXKUTEIBHBIX Pa3HUI] TeMIlepatyp co 3HaueHuem oozee 30 % — 0.
[locne ompeaenenus Ko3(p(GUIMEHTOB perpeccuu, Ucnonb3dys Gopmyny A2,

onpenensieTcss Tpedyemasi TOJIIMHA OTHE3AIUTHOTO MOKPBITUS IS 3aJJaHHOTO Tpeneia

OTHECTOUKOCTH.
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IMPUJIOKEHUE b
Omnpenenenue Tpedyemoi Tonmuabl MBOP @ B orHe3ammTHOM cucreme
«ET IIpoduiab» B 3aBHCHMOCTH OT TPedyeMoOro npejesa OrHeCTONKOCTH,
NPUBEACHHON TOJIIUHBI METAJLJIA U KPUTHYECKOH TeMIepaTypbl

CTAJIbHOM KOHCTPYKUMH

IIpenen oruecroiikoctu R15

IpuBenennas TpebGyemas TOJNIUHA OKPHITHS, MM, IPH KPUTHYECKOI TeMIepaType
TOJINHMHA MeTaJLjIa, CTAJIbHOM KOHCTPYKIHH, °C
tred, Mmm 350 400 450 500 550 600 650 700
1,5 5 5 5 5 5 5 5 5
1,6 5 5 5 5 5 5 5 5
1,7 5 5 5 5 5 5 5 5
1,8 5 5 5 5 5 5 5 5
1,9 5 5 5 5 5 5 5 5
2 5 5 5 5 5 5 5 5
2,1 5 5 5 5 5 5 5 5
2,2 5 5 5 5 5 5 5 5
2,3 5 5 5 5 5 5 5 5
2,4 5 5 5 5 5 5 5 5
2,5 5 5 5 5 5 5 5 5
2,6 ~ S 5 5 5 5 5 5
2,7 5 5 5 5 5 5 5 5
2,8 5 5 5 5 5 5 5 5
2,9 5 5 5 5 5 5 5 5
3 5 5 5 5 5 5 5 5
3,1 5 5 5 5 5 5 5 5
3,2 5 5 5 5 5 5 5 5
3,3 5 5 5 5 5 5 5 5
3.4 5 5 5 5 5 5 5 5
3,5 5 5 5 5 5 5 5 5
3,6 5 5 5 5 5 5 5 5
3,7 5 5 5 5 5 5 5 5
3,8 5 5 5 5 5 5 5 5
3,9 5 5 5 5 5 5 5 5
4 5 5 5 H/T H/T H/T H/T H/T
4,1 5 5 5 H/T H/T H/T H/T H/T
4,2 5 5 5 H/T H/T H/T H/T H/T
4,3 5 5 5 H/T H/T H/T H/T H/T
4.4 5 5 5 H/T H/T H/T H/T H/T
4,5 5 5 5 H/T H/T H/T H/T H/T
4.6 5 5 5 H/T H/T H/T H/T H/T

o8}
e)




IIpusenennas Tpedyemasi TOIIMHA OKPBITHS, MM, IPH KPUTHYECKOH TeMIlepaType
TOJIIUHA MeTaJLIa, CTAJIbHON KOHCTPYKIMH, ’'c
tred, Mmm 350 400 450 500 550 600 650 700
4,7 5 5 5 H/T H/T H/T H/T H/T
4,8 5 5 5 H/T H/T H/T H/T H/T
49 5 5 5 H/T H/T H/T H/T H/T
5 5 5 5 H/T H/T H/T H/T H/T
5,1 5 5 5 H/T H/T H/T H/T H/T
5,2 5 5 5 H/T H/T H/T H/T H/T
5,3 5 5 5 H/T H/T H/T H/T H/T
5.4 5 5 5 H/T H/T H/T H/T H/T
5,5 5 5 5 H/T H/T H/T H/T H/T
5,6 5 5 5 H/T H/T H/T H/T H/T
5,7 5 5 5 H/T H/T H/T H/T H/T
5,8 5 5 5 H/T H/T H/T H/T H/T
59 5 5 5 H/T H/T H/T H/T H/T
6 5 5 5 H/T H/T H/T H/T H/T
6,1 5 5 5 H/T H/T H/T H/T H/T
6,2 5 5 5 H/T H/T H/T H/T H/T
6,3 5 5 5 H/T H/T H/T H/T H/T
6.4 5 5 5 H/T H/T H/T H/T H/T
6,5 5 5 5 H/T H/T H/T H/T H/T
6,6 5 5 5 H/T H/T H/T H/T H/T
6,7 5 5 5 H/T H/T H/T H/T H/T
6,8 5 5 5 H/T H/T H/T H/T H/T
6,9 5 5 5 H/T H/T H/T H/T H/T
7 5 5 5 H/T H/T H/T H/T H/T
7,1 5 5 5 H/T H/T H/T H/T H/T
7,2 5 5 5 H/T H/T H/T H/T H/T
7,3 5 5 5 H/T H/T H/T H/T H/T
7.4 5 5 5 H/T H/T H/T H/T H/T
7,5 5 5 5 H/T H/T H/T H/T H/T
7,6 5 5 5 H/T H/T H/T H/T H/T
7,1 5 5 5 H/T H/T H/T H/T H/T
7,8 5 5 5 H/T H/T H/T H/T H/T
7.9 5 5 5 H/T H/T H/T H/T H/T
8 5 5 5 H/T H/T H/T H/T H/T
8,1 5 5 5 H/T H/T H/T H/T H/T
8,2 5 5 5 H/T H/T H/T H/T H/T
8,3 5 5 5 H/T H/T H/T H/T H/T
8,4 5 5 5 H/T H/T H/T H/T H/T
8,5 5 5 5 H/T H/T H/T H/T H/T
8,6 5 5 5 H/T H/T H/T H/T H/T
8,7 5 5 5 H/T H/T H/T H/T H/T
8,8 5 5 5 H/T H/T H/T H/T H/T
8,9 5 5 5 H/T H/T H/T H/T H/T
9 5 5 5 H/T H/T H/T H/T H/T

98]
p—




IIpusenennas Tpedyemasi TOIIMHA OKPBITHS, MM, IPH KPUTHYECKOH TeMIlepaType
TOJIIUHA MeTaJLIa, CTAJIbHON KOHCTPYKIMH, ’'c

tred, mm 350 400 450 500 550 600 650 700

9,1 5 5 5 H/T H/T H/T H/T H/T

9,2 5 5 5 H/T H/T H/T H/T H/T

9,3 5 5 5 H/T H/T H/T H/T H/T

94 5 5 5 H/T H/T H/T H/T H/T

Ilpumeuanue: 1. H/T — OTHe3aIUTA He TpedyeTcs;
2. npuBeieHHas ToamuHa MBOP @ siBasiercsi MHHMMAJILHO-PACYETHOM, NpPH

pa3padoTKe pelleHUIl MO TNMOBBLINIEHUI0 OTHECTOMKOCTH KOHCTPYKIUI Heo0X0AMMO NPUMEHATH
HOMEHKJIATYPY TOJIIIUH MPOU3BOAUTEJIS.

IIpenen oruecroiikoctu R 30

TpeOyemasi TOJNIUHA MOKPHITUSI, MM, IPU KPUTHYECKOU TeMIlepaType

IIpuBenennas
CTAJIbHON KOHCTPYKIIMH, 'c

TOJIIMHA MeTaJljaa,

tred, MM

350

400

450

500

550

600

650

700

1,5

(o¢]

1,6

1,7

1,8

1.9

2

2,1

2,2

2,3

24

2,5

2,6

2,7

2,8

2.9

3

3,1

3,2

*B

34

3,5

3,6

3,7

3,8

3,9

4

4,1

4,2

4,3

44

4,5

CO|CO|C0|C0 (OO 00|00 |00 |O0[CO0|CO|CO|C0|C0[(CO|(OCO0|CO0 |00 |CR0[OR0|CO|CO |00 |C0[(CO|(OCO|CO |00 |C0 (00|00

N[N|N|OC0|C0 |0 |00 (0000|000 |C0|C0 |00 |00 (0O [OC0 |00 |00 |C0|CO[(0O0[(CO (00|00 |C0|00|CO[0C0 |00 |00 |00

NN N || o000 |00|00|0C0 |00 (000000 |00 |00 |00 (00|00 [(0C0 (00|00 |00 |00 |00 (00|00 |00 |00

Nnjfnfhihnhfhfhl || | |00 (000000 |00 |00 |00 0000|0000 |00 |00 |00 (00|00 |00 |00 |00

N |n| |00 |[00|00 (00|00 |00 (00|00 |00 |00

(VN RV, BRV, R RV, RV, R RV, RV, SRV, AV, R RV, R RV, R RV, R RV, SRV, AV, RV, R RV, R RV, R RV, SRV, J RV, J RV, R RV, § RV, B RV, § e ol o ol o ol Ne N e o} o o]

[V, NV, RV, RV, RV, RV, RV, SRV, AV, R RV, R RV, R AV, R RV, SRV, AV, RV, R RV, R RV, R RV, ARV, SRV, AV, RV, R RV, R RV, N RV, J RV, J RV, § Ne N Ne N e o]

VNV, RV, RV, RV, R RV, RV, RV, R AV, R RV, R RV, R RV, R RV, SRV, AV, RV, R RV, R RV, R RV, ARV, SRV, SRV, RV, R RV, R RV, N RV, J RV, J RV, J RV, § e <} e o]
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700

650

e

600

550

(V)

500

CTAJIbHOU KOHCTPYKIIMH,

450

400

TpeOyeMasi TOJIIMHA MOKPBITHS, MM, IPH KPUTHYECKOH TemMIeparype

350

IIpusenennas
TOJIIHMHA MeTaJLjIa,

tred, Mmm

4,6
4,7

4,8

4,9

5,1

5,2
5.3
54
5.5
5,6
5,7
5,8
5.9

6,1

6,2
6,3

6,4
6,5
6,6
6,7
6,8
6,9

7,1

7,2
7,3
7.4
7,5
7,6
7,7
7,8
7,9

8,1

8,2
8,3

8,4
8,5

8,6
8,7
8,8

8,9
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IIpuBenennas TpeOdyemasi ToJIIIMHA OKPBITHS, MM, IPH KPUTHYECKOM TemMIiepaType
TOJIIUHA MeTaJLIa, CTAJIbHON KOHCTPYKIMH, °C

tred, mm 350 400 450 500 550 600 650 700

9 5 5 5 5 5 5 5 5

9,1 5 5 5 5 5 5 5 5

9,2 5 5 5 5 5 5 5 5

9.3 5 5 5 5 5 5 5 2

9.4 5 5 5 5 5 5 5 5

IIpumeuanue: 1. npuBeieHHas ToamuHa MBOP @ siBisiercsi MHHHUMAJILHO-PACYETHOM, NpPH
pa3padoTKe pelleHUIl MO TMOBBLINIEHUI0 OTHECTOMKOCTH KOHCTPYKIUI Heo0X0AMMO NPUMEHATH
HOMEHKJIATYPY TOJIIIUH IPOU3BOAUTEIA.

[Ipenen oruecroiikoctu R 45

IpuBenennas Tpedyemasi TONIMHA NOKPBITHS, MM, IPH KPUTHYECKOW TeMIlepaType
TOJIIAHA MeTaJLIa, CTAJIbHON KOHCTPYKIIMH, 'C
tred, mm 350 400 450 500 550 600 650 700

1,5 13 10 10 8 8 8 8 8
1,6 13 10 10 8 8 8 8 8
1,7 13 10 10 8 8 8 8 8
1,8 13 10 10 8 8 8 8 8
1,9 13 10 10 8 8 8 8 8

2 10 10 10 8 8 8 8 8
2,1 10 10 10 8 8 8 8 8
2,2 10 10 10 8 8 8 8 8
2,3 10 10 10 8 8 8 8 8
2,4 10 10 8 8 8 8 8 8
2,5 10 10 8 8 8 8 8 8
2,6 10 10 8 8 8 8 8 8
2,7 10 10 8 8 8 8 8 8
2,8 10 10 8 8 8 8 8 8
2,9 10 8 8 8 8 8 8 5

3 10 8 8 8 8 8 8 5
3,1 10 8 8 8 8 8 5 5
3,2 10 8 8 8 8 8 5 5
3.3 10 8 8 8 8 5 5 5
34 8 8 8 8 8 5 5 5
3,5 8 8 8 8 8 5 5 5
3,6 8 8 8 8 5 5 5 5
3,7 8 8 8 8 5 5 5 5
3,8 8 8 8 8 5 5 5 5
3.9 8 8 8 5 5 5 5 5

4 8 8 8 5 5 5 5 5
4,1 8 8 8 5 5 5 5 5
4,2 8 8 5 5 5 5 5 5
4,3 8 8 5 5 5 5 5 5
4.4 8 8 5 5 5 5 5 5

(o8}
g




700

650

e

600

550

(V)

500

CTAJIbHOU KOHCTPYKIIMH,

450

400

TpeOyeMasi TOJIIMHA MOKPBITHS, MM, IPH KPUTHYECKOH TemMIeparype

350

IIpusenennas
TOJIIHMHA MeTaJLjIa,

tred, Mmm

4,5

4,6
4,7
4,8
4,9

5,1

5,2
5,3
54
5.5
5,6
5,7
5,8
5,9

6,1

6,2
6,3

6,4
6,5
6,6
6,7
6,8
6,9

7,1

7,2
7,3
7.4
7,5
7,6
7,1
7,8
7.9

8,1

8,2
8,3

8.4
8,5

8,6
8,7
8,8
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IIpuBenennas TpeOdyemasi ToJIIIMHA OKPBITHS, MM, IPH KPUTHYECKOM TemMIiepaType
TOJIIUHA MeTaJLIa, CTAJIbHON KOHCTPYKIMH, °C

tred, mm 350 400 450 500 550 600 650 700

8,9 5 5 5 5 5 5 5 5

9 5 5 5 5 5 5 5 5

9.1 5 5 5 5 5 5 5 5

9,2 5 5 5 5 5 5 5 2

9.3 5 5 5 5 5 5 5 5

9.4 5 5 5 5 5 5 o] 5

Ilpumeuanue: 1.

npuBegaeHHasi toamuaa MBOP @ sBisierci MUHUMAJIbHO-PACYETHOM, NPH

pa3padoTKe pelIeHUIl MO TMOBBINIEHUI) OTHECTONKOCTH KOHCTPYKIHI He00XOAMMO TPUMEHATH
HOMEHKJIATYPY TOJIIIUH NPOU3BOAUTEIS.

[Ipenen oruecroiikoctu R 60

IIpuBenennas Tpedyemasi TONIMHA OKPBITHS, MM, IPU KPUTHYECKOH TeMIiepaType
TOJIIAHA MeTaJLIa, CTAJIbHON KOHCTPYKIMH, ’'c
tred, mm 350 400 450 500 550 600 650 700

1,5 16 16 13 13 13 13 10 10
1,6 16 13 13 13 13 13 10 10
1,7 16 13 13 13 13 13 10 10
1,8 16 13 13 13 13 10 10 10
1,9 16 13 13 13 13 10 10 10
2 16 13 13 13 13 10 10 8
2,1 16 13 13 13 13 10 10 8
2,2 16 13 13 13 10 10 10 8
2,3 16 13 13 13 10 10 8 8
2,4 16 13 13 13 10 10 8 8
2,5 16 13 13 13 10 10 8 8
2,6 13 13 13 13 10 8 8 8
2,7 13 13 13 10 10 8 8 8
2,8 13 13 13 10 10 8 8 8
2,9 13 13 13 10 8 8 8 8
3 13 13 13 10 8 8 8 8
3,1 13 13 13 10 8 8 8 8
32 13 13 13 10 8 8 8 8
33 13 13 10 10 8 8 8 8
3,4 13 13 10 8 8 8 8 8
3.5 13 13 10 8 8 8 8 8
3,6 13 13 10 8 8 8 8 8
3,7 13 13 10 8 8 8 8 8
3.8 13 13 10 8 8 8 8 8
3,9 13 13 10 8 8 8 8 8
4 13 10 10 8 8 8 8 8
4,1 13 10 10 8 8 8 8 8
4,2 13 10 10 8 8 8 8 5
4,3 13 10 10 8 8 8 8 5
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700

650

e

600

550

(V)

500

CTAJIbHOU KOHCTPYKIIMH,

450

10

400

10
10
10
10
10
10
10

TpeOyemasi TOJIIMHA MOKPBITHS, MM, IIPH KPUTHYECKOH TemMImepaType

350

13
13
13
13
10
10
10
10
10
10
10
10
10
10
10
10

IIpusenennas
TOJIIHMHA MeTaJLjIa,

tred, Mmm

4.4
4,5
4.6
4,7
4.8
4,9

5,1

5,2
5.3
5.4
5,5
5,6
5,7
5,8
5.9

6,1

6,2
6,3

6,4
6,5
6,6
6,7
6,8
6,9

7,1

7,2
7,3
7.4
7,5
7,6
7,7
7.8
7,9

8,1

8,2
8,3

8,4
8,5

8,6
8,7
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IIpuBenennas TpeOdyemasi TOJIIMHA OKPBITHS, MM, IIPH KPUTHYECKOH TemIlepaType
TOJIIUHA MeTaJLIa, CTAJIbHON KOHCTPYKIMH, °C

tred, mm 350 400 450 500 550 600 650 700

8,8 5 5 5 5 5 5 5 5

8,9 5 5 5 5 5 5 5 5

9 5 5 5 5 5 5 5 5

9,1 5 5 5 5 5 5 5 2

9,2 5 5 5 5 5 5 5 5

9.3 5 5 5 5 5 5 o] 5

9.4 5 5 5 5 5 5 5 S

IIpumeuanue: 1. npuBefieHHas ToamuHa MBOP @ siBasiercsi MUHMMAJbHO-PACYeTHOH, NpPH
pa3padoTKe pelleHWIl MO NMOBBLINIEHUI0 OTHECTOMKOCTHM KOHCTPYKIUI HEO0OX0AMMO NPUMEHAATH
HOMEHKJIATYPY TOJIIIUH NPOU3BOAUTEJIA.

IIpenen oruecroiikoctu R 90

IpuBenennas Tpedyemasi TOIMHA MOKPBLITHS, MM, IPA KPUTHYECKOH TeMIlepaType
TOJIMHA MeTaJLjIa, CTAJbHON KOHCTPYKIHH, °C
tred, Mmm 350 400 450 500 550 600 650 700

1,5 23 20 20 18 18 16 16 16
1,6 23 20 20 18 18 16 16 16
1,7 23 20 18 18 18 16 16 16
1,8 23 20 18 18 18 16 16 16
1,9 23 20 18 18 18 16 16 16
2 23 20 18 18 16 16 16 16
2,1 23 20 18 18 16 16 16 13
2,2 23 20 18 18 16 16 16 13
2,3 €s 20 18 18 16 16 16 13
2,4 23 20 18 18 16 16 16 13
2,5 23 20 18 18 16 16 16 13
2,6 23 20 18 18 16 16 16 13
2,7 23 20 18 18 16 16 13 13
2,8 23 20 18 18 16 16 13 13
2,9 23 20 18 18 16 16 13 13
3 23 20 18 16 16 16 13 13
3,1 23 20 18 16 16 16 13 13
3,2 23 20 18 16 16 16 13 13
3,3 20 20 18 16 16 16 13 13
3,4 20 20 18 16 16 13 13 13
3,5 20 18 18 16 16 13 13 13
3,6 20 18 18 16 16 13 13 13
3,7 20 18 18 16 16 13 13 13
3,8 20 18 18 16 16 13 13 13
3.9 20 18 16 16 16 13 13 13
4 20 18 16 16 16 13 13 13
4,1 20 18 16 16 16 13 13 13
4,2 20 18 16 16 16 13 13 13
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IIpusenennas Tpedyemasi TOIIMHA OKPBITHS, MM, IPH KPUTHYECKOH TeMIlepaType
TOJIIUHA MeTaJLIa, CTAJIbHON KOHCTPYKIMH, °C
tred, mm 350 400 450 500 550 600 650 700
4,3 20 18 16 16 16 13 13 10
4,4 20 18 16 16 16 13 13 10
4,5 20 18 16 16 16 13 13 10
4,6 20 18 16 16 16 13 13 10
4,7 20 18 16 16 16 13 13 10
4,8 20 18 16 16 16 13 10 10
4,9 20 18 16 13 16 13 10 10
5 20 18 16 13 16 13 10 10
5,1 20 18 16 13 16 13 10 10
5,2 20 18 16 13 16 13 10 10
5.3 20 18 16 13 16 13 10 10
5,4 20 16 16 13 16 10 10 8
5.5 18 16 16 13 16 10 10 8
5,6 18 16 16 13 16 10 10 8
5.7 18 16 16 13 16 10 10 8
5.8 18 16 16 13 16 10 8 8
5.9 18 16 16 13 16 10 8 8
6 18 16 16 13 16 10 8 8
6,1 18 16 16 13 10 10 8 8
6,2 18 16 13 13 10 10 8 8
6,3 18 16 13 13 10 10 8 8
6,4 18 16 13 13 10 8 8 8
6,5 18 16 13 13 10 8 8 8
6,6 18 16 13 13 10 8 8 8
6,7 18 16 13 13 10 8 8 5
6,8 18 16 13 13 10 8 8 5
6,9 18 16 13 10 10 8 8 5
7 18 16 13 10 8 8 8 5
7,1 18 16 13 10 8 8 5 5
7,2 16 16 13 10 8 8 5 5
7,3 16 16 13 10 8 8 5 5
7,4 16 16 13 10 8 8 5 5
7.5 16 13 13 10 8 8 5 5
7,6 16 13 13 10 8 5 5 5
7,7 16 13 13 8 8 5 5 5
7,8 16 13 10 8 8 5 5 5
7,9 16 13 10 8 8 5 5 5
8 16 13 10 8 8 5 5 5
8,1 16 13 10 8 8 5 5 5
8,2 16 13 10 8 5 5 5 5
8,3 16 13 10 8 5 5 5 5
8,4 16 13 10 8 5 5 5 5
8,5 16 13 10 8 5 5 5 5
8,6 16 13 10 8 5 5 5 5
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IIpuBenennas TpeOdyemasi TOJIIMHA OKPBITHS, MM, IPH KPUTHYECKOH TemMIiepaType
TOJIIUHA MeTaJLIa, CTAJIbHON KOHCTPYKIMH, °C

tred, mm 350 400 450 500 550 600 650 700

8,7 16 13 8 8 5 5 5 5

8,8 16 13 8 8 5 5 5 5

8,9 16 13 8 5 5 5 5 5

9 13 10 8 5 5 5 5 2

9,1 13 10 8 5 5 5 5 5

9,2 13 10 8 5 5 5 o] 5

9,3 13 10 8 5 5 5 5 S

9.4 13 10 8 5 5 5 5 5

Ilpumeuanue: 1.

npuBegaeHHass Toamuaa MBOP @ sBisierci MUHUMAJIbHO-PACYETHOH, NMPH

pa3pa60TKe peme}mﬁ N0 MOBBLIIIEHUI) OTHECTOHKOCTH KOHCprKIII/Iﬁ HCOﬁXOL[I/IMO NMNPUMEHATD
HOMCHKJIATYPY TOJIIUH ITPOU3BOAMUTEJISA.

IIpenen oruecroiikoctu R 120

IpuBenennas Tpedyemasi TONIMHA MOKPBLITHS, MM, IPU KPUTHYECKOH TeMIlepaType
TOJIHHA MeTaJLIa, CTAJbHON KOHCTPYKIIHH, °C
tred, Mmm 350 400 450 500 550 600 650 700

1,5 H/1 H/ 1 26 23 23 20 20 18
1,6 H/1 26 26 23 23 20 20 18
1,7 H/1 26 26 23 23 20 20 18
1,8 H/1 26 26 23 23 20 20 18
1,9 H/1 26 26 23 23 20 20 18

2 H/IT 26 26 23 23 20 20 18
2,1 H/I 26 26 23 23 20 20 18
2,2 H/I 26 26 23 23 20 20 18
2,3 H/1 26 26 23 23 20 20 18
2,4 H/J 26 26 23 23 20 18 18
2,5 H/IT 26 26 23 23 20 18 18
2,6 H/I 26 26 23 23 20 18 18
2,7 H/ 1T 26 26 23 23 20 18 18
2,8 H/IT 26 26 23 23 20 18 18
2,9 H/I 26 26 23 23 20 18 18

3 H/1 26 26 23 20 20 18 18
3,1 H/1 26 26 23 20 20 18 18
3,2 H/TT 26 26 23 20 20 18 18
3,3 H/71 26 26 23 20 20 18 18
3.4 H/1I 26 26 23 20 20 18 16
3,5 H/I 26 26 23 20 20 18 16
3,6 H/71 26 26 23 20 20 18 16
3,7 H/I 26 23 23 20 18 18 16
3,8 H/71 26 23 23 20 18 18 16
3.9 H/I 26 23 20 20 18 18 16

4 H/TT 26 23 20 20 18 18 16
4,1 H/1I 26 23 20 20 18 18 16
4,2 H/I 26 23 20 20 18 18 16

40




IIpusenennas Tpedyemasi TOIIMHA OKPBITHS, MM, IPH KPUTHYECKOH TeMIlepaType
TOJIIUHA MeTaJLIa, CTAJIbHON KOHCTPYKIMH, °C
tred, mm 350 400 450 500 550 600 650 700
4,3 H/1 26 23 20 20 18 18 16
4,4 H/1 26 23 20 20 18 16 16
4,5 H/1 26 23 20 20 18 16 16
4,6 H/1 26 23 20 20 18 16 16
4,7 H/1 26 23 20 20 18 16 16
4,8 H/1 26 23 20 20 18 16 16
4,9 H/1 26 23 20 20 18 16 16
5 H/1 26 23 20 20 18 16 16
5,1 H/1 26 23 20 20 18 16 16
5,2 H/1 26 23 20 18 18 16 16
5.3 H/1 26 23 20 18 18 16 16
5,4 H/1 26 23 20 18 18 16 16
5.5 H/1 26 23 20 18 16 16 16
5,6 H/11 26 23 20 18 16 16 16
5.7 H/1 26 23 20 18 16 16 13
5.8 H/11 26 23 20 18 16 16 13
5.9 H/11 26 23 20 18 16 16 13
6 H/1 26 23 20 18 16 16 13
6,1 H/1 26 23 20 18 16 16 13
6,2 H/1 26 23 18 18 16 16 13
6,3 H/11 26 23 18 18 16 16 13
6,4 H/I 26 23 18 18 16 16 13
6,5 H/I 26 23 18 18 16 13 13
6,6 H/I 26 23 18 18 16 13 13
6,7 H/J 26 23 18 18 16 13 13
6,8 H/1 26 23 18 18 16 13 13
6,9 H/I 26 23 18 16 16 13 13
7 H/1 26 23 18 16 16 13 13
7,1 H/ T 26 23 18 16 16 13 13
7,2 H/I 26 23 18 16 16 13 13
7,3 H/1 26 23 18 16 16 13 10
7,4 H/I 23 23 18 16 16 13 10
7.5 H/I 23 20 18 16 13 13 10
7,6 H/1 23 20 18 16 13 13 10
7,7 H/1 23 20 18 16 13 13 10
7,8 H/I 23 20 18 16 13 13 10
7,9 H/1 23 20 16 16 13 13 10
8 H/I 23 20 16 16 13 10 10
8,1 H/1I 23 20 16 16 13 10 8
8,2 26 23 20 16 16 13 10 8
8,3 26 23 20 16 16 13 10 8
8,4 26 23 20 16 16 13 10 8
8,5 26 23 20 16 16 13 10 8
8,6 26 23 20 16 13 13 10 8
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IIpusenennas Tpedyemasi TOIIMHA OKPBITHS, MM, IPH KPUTHYECKOH TeMIlepaType
TOJIIUHA MeTaJLIa, CTAJIbHON KOHCTPYKIMH, °C

tred, mm 350 400 450 500 550 600 650 700

8,7 26 23 20 16 13 13 10 8

8,8 26 23 20 16 13 13 8 8

8,9 26 23 20 16 13 10 8 8

9 26 23 20 16 13 10 8 8

9,1 26 23 18 16 13 10 8 5

9,2 26 23 18 16 13 10 8 5

9,3 26 23 18 16 13 10 8 5

9.4 26 23 18 16 13 10 8 5

Ilpumeuanue: 1. H/m — npumenenne cucrembl «ET IIpoduiab» He nomyckaercs;
2. npuBefeHHas TonmuHa MBOP @ siBiasiercsi MUHMMAJIbHO-PACYETHOM, NPH

pa3padoTKe pelIeHUI 10 TMOBBLIMICHUI0 OTHECTOMKOCTH KOHCTPYKUMI He00X0AMMO NPHMEHSATH
HOMEHKJIATYPY TOJIIIUH NPOU3BOIUTEJIS.

[Ipenen oruecroiikoctu R 150

IpuBenennas Tpebyemasi TOJIIMHA MOKPBITHS, MM, IPH KPUTHYECKOH TeMIepaType
TOJIIAHA MeTaJLIa, CTAJbHON KOHCTPYKIMH, °'c
tred, MM 350 400 450 500 550 600 650 700

1,5 H/I H/II H/I H/I H/I 26 26 23
1,6 H/I H/II H/I H/I H/I 26 26 23
1,7 /1 H/1 H/1 /1 /1 26 26 23
1,8 H/1 H/I H/1 H/I 26 26 26 23
1,9 H/I H/IT H/I H/I 26 26 23 23

2 H/II H/II H/II H/II 26 26 23 23
2,1 H/I H/I H/1 H/1 26 26 23 23
2,2 H/1 H/I H/1 H/1 26 26 23 23
2,3 H/A H/1 H/O H/A 26 26 23 23
2.4 H/I H/IT H/I H/I 26 26 23 23
2,5 H/7O H/1 H/O H/7 26 26 23 23
2,6 H/IT H/IT H/I H/I 26 26 23 23
2,7 H/7O H/1 H/O H/7O 26 26 23 23
2,8 H/O H/1 H/O H/7O 26 26 23 23
2,9 H/I H/IT H/I H/I 26 26 23 23

3 H/IT H/IT H/IT H/IT 26 26 23 23
3,1 H/I H/II H/I H/I 26 26 23 23
32 H/I H/I H/I H/I 26 26 23 23
3,3 H/I H/II H/I H/I 26 26 23 23
3.4 H/I H/II H/I H/I 26 26 23 23
3,5 H/I H/I H/I H/I 26 26 23 23
3,6 H/I H/II H/I H/I 26 26 23 23
3,7 H/I H/I H/I H/I 26 26 23 23
3,8 H/I H/II H/I H/I 26 26 23 23
3,9 H/I H/I H/I H/I 26 26 23 23

4 H/II H/II H/II H/II 26 26 23 23
4,1 H/I H/II H/I H/I 26 26 23 23
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IIpusenennas Tpedyemasi TOIIMHA OKPBITHS, MM, IPH KPUTHYECKOH TeMIlepaType
TOJIIUHA MeTaJLIa, CTAJIbHON KOHCTPYKIMH, ’'c
tred, Mmm 350 400 450 500 550 600 650 700

4,2 H/I H/II H/I H/I 26 26 23 23
4,3 H/I H/I H/I H/I 26 26 23 23
4.4 H/I H/II H/I H/I 26 26 23 23
4.5 H/I H/I H/I H/I 26 26 23 20
4.6 H/I H/I H/I H/I 26 26 23 20
4,7 H/I H/II H/I H/I 26 23 23 20
4.8 H/I H/I H/I H/I 26 23 23 20
49 H/II H/II H/II H/II 26 23 23 20

5 H/II H/1I H/II H/II 26 23 23 20
5,1 H/I H/II H/I H/I 26 23 23 20
52 H/I H/II H/I H/I 26 23 23 20
5,3 H/I H/I H/I H/I 26 23 23 20
5.4 /1 H/I H/1 H/I 26 23 23 20
5,5 H/I H/I H/I H/1I 26 23 23 20
5,6 H/1 H/I H/1 H/1I 26 23 23 20
5,7 H/I H/I H/I H/I 26 23 23 20
5,8 H/I H/I H/I H/I 26 23 23 20
5,9 H/1 H/I H/1 H/I 26 23 23 20

6 H/I H/I H/1T H/I 26 23 23 20
6,1 H/I H/II H/I H/I 26 23 23 20
6,2 H/I H/I H/I H/I 26 23 20 20
6,3 H/7A H/1 H/O H/A 26 23 20 20
6,4 H/7A H/1 H/O H/A 26 23 20 18
6,5 H/IT H/IT H/I H/I 26 23 20 18
6,6 H/O H/I H/O H/A 26 23 20 18
6,7 H/I H/I H/I H/I 26 23 20 18
6,8 H/O H/1 H/O H/7O 26 23 20 18
6,9 H/I H/IT H/I H/I 26 23 20 18

7 H/I H/IT H/I H/I 26 23 20 18
7,1 H/1 H/1 H/O H/7O 26 23 20 18
7,2 H/I H/IT H/I H/I 26 23 20 18
71,3 H/O H/1 H/O H/7O 26 23 20 18
7.4 H/I H/II H/I H/I 26 23 20 18
7,5 H/1O H/1 H/1O H/O 26 23 20 18
7,6 H/1O H/1 H/1O H/O 26 23 20 18
7,7 H/I H/II H/I H/I 26 23 20 18
7,8 H/1O H/1 H/1O H/O 26 23 20 18
7.9 H/I H/II H/I 26 23 23 20 16

8 H/IT H/IT H/IT 26 23 23 18 16
8,1 H/I H/II H/I 26 23 23 18 16
8,2 H/I H/II H/I 26 23 23 18 16
8,3 H/IT H/IT H/IT 26 23 20 18 16
8,4 H/I H/IT H/I 26 23 20 18 16
8,5 H/IT H/IT H/II 26 23 20 18 16
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IIpusenennas Tpedyemasi TOIIMHA OKPBITHS, MM, IPH KPUTHYECKOH TeMIlepaType
TOJIIUHA MeTaJLIa, CTAJIbHON KOHCTPYKIMH, ’'c

tred, Mmm 350 400 450 500 550 600 650 700

8,6 H/I H/II H/I 26 23 20 18 16

8,7 H/1 H/1 H/1 26 23 20 18 16

8.8 H/I H/II H/I 26 23 20 18 16

8,9 H/1 H/1 H/1 26 23 20 18 16

9 H/1 H/1 H/1 26 23 20 18 16

9,1 H/1 H/I H/1 26 23 20 18 16

9,2 H/IT H/IT H/IT 26 23 20 18 16

9,3 /1 H/I H/1 26 23 20 18 16

94 H/I H/I H/I 26 23 20 18 16

IIpumeuanue: 1. H/1 — npumeHenne cucreMmbl «ET IIpoguiab» He nonmyckaercs;
2. npusBegeHHas ToamuHa MBOP @ sBiasiercsi MUHHMAJIBHO-PACYETHOM, NpH

pa3pa60TKe peme}mi’l N0 MOBLIIIEHUIO OTHECTOHKOCTH KOHCprKIII/Iﬁ H606X0}]I/IMO INPUMCECHATD
HOMCHKJIATYPY TOJIIUH ITPOU3BOAMUTEJISA.
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