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Buumanne!

OTBETCTBEHHOCTh 3@ JOCTOBEPHOCTH TEXHUYECKOM NOKYMEHTAllMM M IPOEKTHBIX
MaTepUajIoB, IMPEJACTABACHHBIX JUIg pa3paboTkd MHeTpykuuM 10 onpeiesieHuro
HEOOXOMMON TONNIMHBI OorHe3amuTHOM cuctembl «ET ITlpodwunb», coctosimein u3
marepuaza 0a3aabTOBOrO OrHe3amuTHOrO pyiaonHoro MbOP @ (TY 23.99.19-018-
08621635-2020) u cocrtaBa Tepmoctoiikoro kiesiero «ITJIA3AC» (TY 23.99.19-013-
08621635-2020) B 3aBHCHMMOCTH OT MNPHUBEIACHHON TOJIUUHBI METAIa, KPUTHYECKOH
TeMIIepaTypbl CTaJbHOM CTPOMTENBHOW KOHCTPYKUHMH M Tpedyemoro Ipejena
OTHECTOMKOCTH (nanee — MHCTpykius), HeCET NMPOU3BOAMTENL OrHE3ALIUTHON CHCTEMBI
«ET Ilpodpuns» AO «Tuson» (3akazuux).

B cnyuae BHeceHusi 3aKa3uMKOM HM3MEHEHMH M JIOMOJHEHHUH B TEXHUYECKYIO
JOKYMEHTAUMI0O Ha OrHE3aUMTHYK) CHCTEMY, a TaKiKe [pd  OTCTYIUIEHHAX OT
MPEACTABICHHBIX MATE€pUaIOB U BHECCHUU B HHUX M3MEHEHHWH, Hacrosias HMHcTpykims
yTpauuBaeT CBOK CHIIy H IOAJCKUT MOBTOPHOH pa3paboTke ¢ Y4éTOM BHECEHHBIX
H3MEHEHUH U JOIMOJIHEHUH.

TpeOoBanuss AEMCTBYIOIMIMX HOPMATHUBHBIX IPABOBBIX AKTOB M HOPMAaTHBHBIX
JIOKYMEHTOB [10 T10KapHOH O€3011aCHOCTH, He OTpaXEHHbIE WM HE YUYTEHHBIE B
Hacrosieir MHCTpyKiMK, A0/OKHBI OBITH YYTEHBI B MOJHOM 00BEME s oOecredeHus

no;xapﬂoﬁ 0e30nacHOCTH 00BLEKTOB 34l ThI.



HUuctpykuus paspadborana no jgoroopy Ne 95-191 or 18.05.2021 rogxa
zakmodeHHBIM  Mexay PI'BOY BO  Vpansckuit uactutyr ITIC MUC  Poccuu

(Mcnonnurens) u AO «Tuzon» (3aka3uuk).

Hcnonuurens:
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WMHH /KIIIT: 6670096267/667001001
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DaekTpoHHas nouTa: eouigps@mail.ru

3aKa3uMK:

Axumonepnoe odmiectBo « TU30JI» (AO «THU30J1»)

WHH / KIIIT 6624002881/668101001

HOpuanueckwuii, MOYTOBBIH  ajpec: 624223,  CeepmioBckass  00JacTb,
r. Huwxnssa Typa, Manbiesa 59

Tenedon: (34-342) 2-62-82, 2-61-04, 2-62-83, 2-51-97
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[TPUJIOXEHUE b Omnpenenenne tpedyemoir Tomuuasl MBOP @ B orsesammrtHOR
cucreme «ET Ilpodgunb» B 3aBUCHUMOCTH OT TpeOyemMoro Iipejesia OrHeCTOMKOCTH,

MIPUBEICHHONW TOJIIMHEI METAJIA U KPUTHIECKOHW TEMIIEPATYPhl CTAJLHOW KOHCTPYKIUH



MPEJAUCJIOBUE

ObpanieHue Ha pbIHKE EBpPasHilckoro 3KOHOMHYECKOTO COM03a OrHE3alIMTHOM
cucrembl «ET Ilpoduns» (npoussojactea AO «Tuzon») noaTBEpHKACHO NPOLELYPOH
OLIGHKH COOTBETCTBHUA TpeOoBaHWsAM TeXHMYECKOro periaMeHta EBpa3uiickoro
YKOHOMHUYECKOTO coro3a «O TpeOoBaHUSX K CpeacTBaM oOecredeHust MOKapHOM
6esonmacHoct u mnoxaporymenusi» (TP EADC 043/2017) B dopme cepruduxammn
CPE/ICTB OI'HE3aUUThI.

[IpencraBnennas nis pa3padorku UHCTpyKUMM NOKYMEHTALMS:

— MPOTOKOJIBI cepTU(UKaMOHHBIX UcnbiTaHuid NeOl ¢/ck/03-2021, Ne02 c/ck/03-
2021 OT 28.05.2021 IS, BBITIOJIHEHHBIX NI, «OrHeCTOMKOCTE
AQO «ICH «OruecToikocTbY;

— CcepTH(HKAT  COOTBETCTBHA  CHCTEMBI  KOHCTPYKTHBHOH  OTHE3aLUTHI
«ET  Ilpodgwus»  Tpedoanusam  Texnuueckoro  periamenta  EBpasuiickoro
KOHOMHYECKOro cor3a «O TpeOoBaHMAX K CpEICTBAM OO0CCICUCHUS [10KAPHOM
OesonmacHoctH ¥ nokaporyuweHus» NeEADC RU C-RU.D030.B.00072/21 cepus RU
Ne(0266099.

— OTYETHl O NpOBeAcHHBbIX ucmbiTanuax: 7411P 14.07.2021, 751IP 14.07.2021,
76 11P 14.07.2021, 7711P 14.07.2021.

Ha ocHOBaHMM TIpEJCTABIECHHBIX JOKYMEHTOB ObLIa COCTABIEHA TaONMIa C
0000IIEHHBIMM  [IAHHBIMH 110 ONPEIEJICHUI0 HEOOXO0JMMOM ToNIKMHBL  Marepuana
baszansroBoro OrnesammtHoro Pynonnoro ®onsrupoansoro ([anee — MBOP @) B
orHezaTHON cucteme «ET Ilpoduiae» B 3aBUCHMOCTH OT NPHUBEIEHHOH TOJIIIMHBI
MeTanna | TpedyeMoro nmpenena OrHecTOHKOCTH (pazmen 4 MHCTpyKIMH) T1pH
KPUTHYECKOH Temreparype CTaNbHOU CTPOUTENILHOM KOHCTPYKIIMH
500°C.

[IpoBejicHHbIE pacyerbl TMO3BOJIMIAM COCTABUTHL TaOJIMIBI JUISL  ONPE/ICIICHMUS
tpedyemoit Tonmuael MBOP @ B ornesanmtHoi cucreme «ET [Ipoduiasy B 3aBUCUMOCTH
OT KPUTHYECKOH TEMMEpaTypbl CTPOUTEIBHONH KOHCTPYKLHH, MPUBEACHHOW TOJILIMHbBI

MCTalllla U TpCGyCMOFO Impcaciia OTHECTOMKOCTH. HOJ’IY‘ICHHBIC TEI6JII/IH,BI, B COYCTaHHH C



PAaCUETHON METOJMKOH, ITO3BOJAIOT MNPOSKTUPOBATH OrHE3AUIUTY CTAJIbHBIX KOHCTPYKIUN
mo00i  KOH(pUrypalluHu, NpU pPa3iIMYHBIX TOJIIMHAX OrHE3alUTHOH cuctembl «ET
[Mpodunb», a Takke penieHHEe oOpaTHBIX 3agad  (ompeaesicHHE (aKTHUCCKOM

OTHECTOMKOCTH KOHCTPYKIUi ¢ orHe3amuTHoi cuctemoi «ET [Tpodmiany).



1. OBJIACTb IPUMEHEHUSA

WHeTpykuus npejHasHayeHa [Uld INPOCKTHBIX M CTPOUTEIBHBIX OpraHHU3aluH,
CHIEIMAINCTOB MO pa3padoTKe NMPOEKTOB OTrHE3ALUTHI, JKCIEPTOB B 00JIACTH MOKAPHOM
O€30MacHOCTH M MOXKET ObITh HCIIONIL30BaHA MPU pa3pabOTKe M SKCIEPTU3C IPOCKTOB
OFHE3AIUThl CTAJIBHBIX KOHCTPYKIMHA C TNPUMEHEHHEM CHCTEMbl KOHCTPYKTHBHOM
orHesamuTel «ET Ilpoduas», ¢ wnensto obOecriedeHHs MOKapHOH OE30MacHOCTH

MPOEKTUPYEMBIX, CTPOSILLIUXCSL U PEKOHCTPYUPYEMBIX 3/1aHUi U COOPYIKEHHH.



2. HOPMATUBHBIE CCBUJIKH

B nacrosmeit MHCTpyKIIMKM MCMONB30BAaHBI CCHUIKM Ha CJICAYIOIIHEC HOPMATHBHBIC

ITPABOBLIC AKThl, HOPMATHBHLIC JOKYMEHTLI U METOAHUKH!

l.

®enepanbhbiii 3akoH Poccuiickont ®@enepamun ot 22 uroaa 2008 r. Ne 123-D3
«Texnuyecknii  pernaMeHT o0  TpeDOBaAHMAX  MOKAPHOM  OE30MACHOCTHY»
(C U3MEHEHUSIMH).

['OCT  30247.0  KoHCTpyKUMM  cTpouTelbHble.  MeETOAbl  MCHbITAHUU
Ha OTHECTONKOCTh. O01mKe TpedoBaHusI.

['OCT  30247.1  Kouctpykuuu  cTpouTenbHbie.  METoAbsl  MCIBITAaHHMA
Ha OrHecToHKocTh. Hecynue u orpax/iamimne KOHCTPYKIMH.

['OCT P 53295-2009 CpeacrBa oOrse3amdtbl Uid CTaJbHBIX KOHCTPYKLHMIA.
O06mme tpebosanusa. MeTo/1 onpe/iesieHust OTHE3aMTHOM 3(p(heKTHBHOCTH.

ENV 13381-4:2002 MeTojabl UCnbITaHUH 115 onipe/ienetusi (pakTopoB, BIMSAIOLIMX
Ha OIHECTOMKOCTbh CTPOMTE/IbHBIX KOHCTpyKuUMi. Yacts 4. 3ammra crajabHbIX
koHCcTpyKuui (ENV 13381-4:2002 Test methods for determining the contribution to
the fire resistance of structural members - Part 4: Applied protection to steel
members).

Axoemee A. M. Pacuer OrHECTOMKOCTH CTPOUTEIBHBIX KOHCTPYKLIMH. —
M. : Ctpoiinsaart, 1988. — 143 c.



3. TEPMUHBI U OIIPEAEJIEHUA

B  mwacrosmer — MHCTpYKHHMHM  OPUMEHEHBI  CICAYIOUINE  TCPMHHBI  C
COOTBETCTBYIOLIUMH OIIPEACIICHUAMMU:

3l KOHCTPYKTHBHASA OTHE3AalMTA: OTHE3AlUTa CTPOUTEIbHBIX KOHCTPYKIIH,
OCHOBaHHAsi HA CO3/laHUKM HA O0OrPEeBaeMOM  [MOBEPXHOCTH KOHCTPYKIHH
TETMJION30JIAIMOHHOTO CJIOSI IyTEM HAHECEHNs Ha HEE TOJICTOCJIOMHBIX HANBUISIEMbIX
COCTaBOB, IUTYKATYpPKH, OOJIMLOBKU [UIMTHBIMM, JIMCTOBBIMHM, IITYYHBIMU H
IPYTUMH aQHAJIOTHYHBIMU CTPOUTEIBHBIMH MaTepHalaMiu, B TOM YHCJIC Ha Kapkace,
C  BO3IYHIHBIMM  TOPOCHOMKAMH, pe3ynabTaT OeTOHMPOBAHWUS M 3aJIUBKH
3aTBEP/ACBAIOLIMMH pPAacTBOPAMU C MCIIOJIb30BAaHUEM  TEXHOJIOI'MM OmnanyOku, a
TaKKe UX KOMOUHALINM;

3.2. K03 PHIHEHT ceyeHHUs NMPOPUIBHBIN: OTHOMWIECHUE IUIOAAN TOBEPXHOCTH
CTAJIBHOIO  NpO(HIIS  HE3aWMINEHHONW  CTAbHOH  KOHCTPYKLHH,  KOTOpas

MOJBEPIaETCsl OTHEBOMY BO3JAEHCTBHIO, K 00bEMY CTAIILHOU KOHCTPYKIMHU (A4, /1 );

3.3. KPHTHYECKAsl TeMIepaTypa: TeMIepaTypa HarpeBa CeueHHUs KOHCTPYKLIMH,
[PU KOTOPOM 0KHMIACTCsl HACTYIUIEHHUE TIPE/EIIBHOIO COCTOSIHUS 110 npu3Haky R 3a

CUET MOTEePH NMPOYHOCTH WA YETOHUYNBOCTH KOHCTPYKIHUH (7, );

3.4. Harpy3ka: MeXaHuYeckas Ccuja, [pujiaraemas K  CTPOUTEIIbHBIM
KOHCTPYKUUSIM U (MM ) OCHOBAHUIO 3/IaHUS WM COOPYKEHUS U ONpeAe/sionas ux
HAIPsHKEHHO-AE(hOPMUPOBAHHOE COCTOSHHUE;

3.3. OTHECTOMKOCTH CTPOMTEIbHON KOHCTPYKUMHU: CIIOCOOHOCTD CTPOUTENBHON
KOHCTPYKIMU COXPaHITh Hecylue W (MiM) orpaxjaatoiue (QyHKIUH B yCIOBHSX
noXxapa;

3.6. npejesl  OrHECTOHKOCTH  KOHCTPYKUMHM  (3aI10JIHEHMSI  NIPOEMOB
NPOTHBOMOKAPHBLIX TNperpag): MNPOMEXYTOK BPEMEHH OT Hadaja OTHEBOTO
BO3/ICUCTBUSI B YCIIOBUSIX CTAHIAPTHBIX MCIBITAHUM JI0 HACTYIUIEHUS! OJIHOTO W3
HOPDMHUPOBaHHBIX Ul  JAHHOHM  KOHCTPYKUHMH  (3allOJIHEHHA  IIPOEMOB

IPOTUBOIOKAPHBIX IPErPaji) MPejIebHbIX COCTOAHMH (11,,);



31, NpHBCJICHHAd TOJIIHHA MeTa/llIa (ll.'l’.M.): OTHOLICHHE  IIOINaaH
IMOoNepeYHOro  CEHCHHA - MCTAJIMYCC KO KOHCTPYKIIHH K  TNICPpUMETPY €€

o0orpesaeMoi MOBEPXHOCTH (7,,, );

3.8. MPOEKT OrHe3alUThI: Pa3jiesl MPOEKTHOM JIOKyMeHTanuu U (uiau) padoueit
JOKYMEHTallMd B  COCTaBe MEpPONPUATHH IO  OOCCHEUCHHUIO  I0KApHOM
OesonacHoOCTH, coJepKaliuii 000CHOBAHME TPHUHSATBLIX TMPOEKTHBIX PEHICHHM IO
crnocodaM M CPEACTBAM  OTHE3ALIMTHl CTPOMTENBHBIX KOHCTPYKOUH 175
o0ecrieueHust Ux 1pejiesia OrHeCTONKOCTH, C YUYETOM IKCIEPUMEHTAIBHBIX JaHHbIX
MO0 OrHEe3alUTHON 3 (HEKTHBHOCTH CPEICTBAa OTHE3ALUTHI, a TAKXE PE3yJIbTaTOB
MPOYHOCTHBIX M TEIUIOTEXHUYECKHUX PACUYETOB CTPOUTENLHBIX KOHCTPYKIUH C
HAHCCCHHBIMU CPEACTBAMH OTHE3AIUTHL;

3.9. CTPOUTEJIbHAA  KOHCTPYKUHUSI: 9acTb  3JaHUS WM COOPYIKEHUS,
BBITIOJHAOIIAS OIPEACICHHBIC HECYIIHE, OTPaKIamNe M (UIH) ICTETUYECKHE

(yHKIIHH.
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4. AHCTPYKIMSA IO ONPEJIEJEHUIO HEOBXOJUMOM TOJILUHBI
OTrHE3AIIIMTHOI'O NOKPBITUSI B 3ABUCUMOCTHU OT NPUBE/IEHHOM
TOJIIUHBI METAJLJIA U TPEBYEMOI'O IPEJIEJIA OTHECTOMKOCTH

4.1 Ucxoanble 1aHHBbIE 1J1s1 pa3padoTku MHCTpYKIMA

B CcOOTBETCTBUU € MPEJOCTABICHHLIMU OTYETAMH B KayecTBE OOpa3uoB s
UCTIBITAHUH MPUMEHAINCH CTEPKHEBBIC JIEMEHTHI C PA3JTHYHOH IPUBEACHHON TOJILHHON
MeTania, KOTOpble  OOJUUOBBIBAJIMCH  CUCTEMOM  KOHCTPYKTUBHOM — OIrHE3AILUTHI
«ET TIpodwunb», cocrosimeil u3 cocTraBa TepMOCTOHKOro kiaesiero «[lmazacy (TY
23.99.19-013-08621635-2020) Tonmmuoi 1,5MM. (pacxoa He MeHee 2xr/M°) U matepuana
0a3aJIbTOBONO  OTHE3AILUTHOTO pYJOHHOTrO QonbrupoBanHoro. (TY 23.99.19-018-
08621635-2020) pazauyHbIX TOJIIMH.

MOHTaXX OrHE3alMTHOTO TOKPBITUS  OCYIIECTBISUICS B  COOTBETCTBHH C
TEXHOJIOTHYECKUM PErIaMEHTOM MOHTa)Ka Ha KOHCTPYKTHUBHBINA CIOCO0 OrHE3aliuThl
MeTa/IMYecKuX KoHCTpykuuit cucremoit «ET «IIpodunby.

Hcnbitanus o6pa3uoB craabHbix KoaoHH npoBoauiu 1o 'OCT P 53295-2009 npu
YETBIPEXCTOPOHHEM TEIJIOBOM BO3/ACHCTBHH 10 CTAHAAPTHOMY TEMIIEPATYPHOMY PEKUMY
coriacHo IOCT 30247.0-94 1o noeTmwikenns Kputuueckoii Temmepatypst 500 (700) °C.

[lopsimok mpoBenecHMS MCIBITAHWM, HCIBITATEILHOE OOOpYIOBAaHHUE, PE3YILTATHI
UCTIBITAHUH OMMCAHBl B TMPEACTABICHHBIX OTueTax. CBOJHBIE PE3yNbTAThl MCTIBITAHUN
npuBeeHbl B Tabmuie 4.1.

Tabnuna 4.1 CBogHbBIE Pe3yIbTaThl OTHEBBIX HCIBITAHUM

[pusegennas BpeMsi 10CTHKeHHsI KPHTHYeCKOii Temueparypsb 500 (700)"C, mun., npu

TOJINIHHA MeTaJIa, Toanmue MBOP @, mm
MM 5 8 13 16 26

1,5 46 (61)
34 33 (50) 92 (110)
4,92 92 (102)
7,91 126 (139)
9,42 151
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4.2 Metoauka o0padoTKH JAHHBIX OTHEBBIX HCIIBITAHHH

O0OpaboTka JaHHBIX OIHEBBIX MCIHBITAHUM BBINOJHEHA METOJAOM YHUCIOBOH

perpeccuu B COOTBETCTBAM C METOJIMKOM, N3JI0KEeHHOM B Tpuioxenuu H [5] ¢ momonisio

nporpammuoro komiuiekca MS Excel. Merojinka o0paboTku npuBejieHa B IPUIOKEHUH

A.

4.3 Pe3yabTaTnl 00padoOTKHU JAHHBIX OTHEBBIX HCNbITAHUI

Pesynbratel MareMaTHuecKod 0OpaOOTKHM NAHHBIX OTHEBBIX HUCOBITAHUH ObLIH

npoaHaau3upoBaHbl M 00001eHsl. Ha ocHoBanuKM ananu3za Obuia nocrpoexna Tadbmuna 4.2

ONpCACIICHHUIO TIPCIOCIIOB OrHECTOMKOCTH B 3aBHUCHMOCTH OT HpHBe,ZLCHHOﬁ TOJIIIHHEBI

METaJlJIa ¥ TOJIIIUHBI OTHE3aIUTHOTO MaTepuaia MbOP @,

Tabmmua 4.2 3aBHCHMMOCTH TOJNIIMHBI OrHE3alMTHOrO Marepwana MBOP @ ot

TpeOyeMoro mpejaeia OrHeCTOMKOCTH CTATbHON KOHCTPYKUIUH H MPUBCACHHOM TOJIIHHBI
. v )

METajIa IpH KPHTHYECKOH TeMIeparype cTanbHoi koncTpykuni 500 'C

tred, mm R15 R30 R45 R60 R90 R120 R150

1,5 5 8 8 13 18 23 u/n’
1,6 5 8 8 13 18 23 H/]1
1,7 5 8 8 13 18 23 H/n
1,8 5 8 8 13 18 23 H/]11
1,9 5 8 8 13 18 23 H/

2 5 8 8 13 18 23 o/
2,1 5 8 8 13 18 23 H/1
2.2 5 8 8 13 18 23 H/I
2.3 5 8 8 13 18 23 H/11
2,4 5 3 8 13 18 23 H/
2.5 5 8 8 13 18 23 H/1
2,6 5 8 8 13 18 23 H/J1
27 5 8 8 10 18 23 H/1
2.8 5 8 8 10 18 23 H/1
2,9 5 8 8 10 18 23 H/JT

3 5 8 8 10 16 23 H/1
3,1 5 8 8 10 16 23 H/1
3.2 5 8 8 10 16 23 H/1
33 5 8 8 10 16 23 H/1T
34 5 5 8 8 16 23 H/1
35 5 5 8 8 16 23 H/1
3,6 5 5 8 8 16 23 H/j
3,7 5 5 8 8 16 23 H/1
3.8 5 5 8 8 16 23 H/1
3,9 5 5 5 8 16 20 H/1

4 /! 5 5 8 16 20 H/n
4,1 H/T 5 5 8 16 20 H/1T
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tred, mm R15 R30 R45 R60 R90 R120 R150

42 H/T < 5 8 16 20 H/1
4.3 H/T 5 5 8 16 20 H/I
44 H/T 5 5 8 16 20 H/1
4,5 H/T 5 5 8 16 20 H/1
4.6 H/T 5 5 8 16 20 H/11
4,7 H/T 5 5 8 16 20 H/1
4.8 H/T 5 5 8 16 20 H/T
4.9 H/T 5 5 8 13 20 H/A

5 H/T 5 5 8 13 20 H/n
5,1 H/T 5 5 8 13 20 H/1
5,2 H/T 5 5 8 13 20 H/A
5,3 H/T 5 5 8 13 20 H/1
5,4 H/T 5 5 8 13 20 H/1
5,5 H/T 5 5 5 13 20 H/1
5,6 H/T 5 5 5 13 20 H/A
5,7 H/T 5 5 5 13 20 H/1
5,8 H/T 5 5 5 13 20 H/
5,9 H/T 5 5 5] 13 20 H/ 11

6 H/T 5 5 5 13 20 H/1
6,1 H/T 5 5 5 13 20 15101
6,2 H/T 5 5 5 13 18 H/1
6,3 H/T 5 5 5 13 18 H/1
6,4 H/T 5 5 5 13 18 H/A
6,5 H/T 5 5 5 13 18 H/]1
6,6 H/T 5 5 5 13 18 H/
6,7 H/T 5 5 5 13 18 H/A
6,8 H/T 5 5 5 13 18 H/JT
6,9 H/T 5 5 5 10 18 H/1

7 H/T 5 5 5 10 18 H/11
7,1 H/T 5 5 5 10 18 H/1
7,2 H/T 5 5 5 10 18 H/21
7,3 H/T 5 5 5 10 18 H/n
7.4 H/T 5 5 5 10 18 H/1
7,5 H/T 5 5 5 10 18 H/
7.6 H/T 5 5 5 10 18 H/1
1,7 H/T 5 5 5 8 18 H/1
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 R1S 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
IIpumeuanus: 1. OrHe3aluTa He Tpedyercs;
2.  npumenenue oruesammTHol cucremsl «ET Ipoduan» ne nonyckaercs;
3.  npusenennas toammHa MBOP @ siBasercss MMHUMAJABHO-PACYETHOH, MpPH

pa3padoTKe pelleHHi M0 NOBBLIEHHI0 OrHECTOHKOCTH KOHCTPYKUHH HE00X0AMMO NPHUMEHNTH
HOMEHKJIATYPY TOJIIHH POH3IBOIUTES.
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5. PACYUET OTHECTOHUKOCTHU CTAJIBHBIX KOHCTPYKIIUMA U
ONPEJAEJEHUE TOJIUAHBI MBOP @ B OTHE3AIIIUTHON CUCTEME
«ET MPO®WIb» JJISI OBECIIEUEHUS TPEBYEMOI'O ITPEJIEJIA
OTHECTOMKOCTHU CTAJIBHOM KOHCTPYKIINH

5.1 O6ume noJioxkenus mo pacuery [7]

OrsecToMKOCTh HECYIIMX METAJUIMYCCKUX KOHCTPYKLHUH yTPauMBaCTCH BCIICACTBHC
CHHIKEHHMSI TIPY HArpeBe IPOYHOCTH U YIIPYTOCTH METAIlIa, a TAKKE 3@ CUCT Pa3sBUTHS €ro
TUIACTUYECKUX U TEeMIIepaTypHbIX aAedopmaruii [7].

ITog BozaeiicTBUEM HTUX (PAKTOPOB TMPE/IEN OTHECTOMKOCTH KOHCTPYKIIMH
HACTYNaeT WIH B pe3ybTaTe MOTEPH MPOYHOCTH, WM 3@ CUET IOTEPH YCTOHYHUBOCTH.
Tomy wu jpyroMmy ciydyal0 COOTBETCTBYET OIIpEACICHHAs  TeMmIeparypa Harpesa
KOHCTPYKIIMHM, Ha3bIBacMasg KPUTHYCCKOH, KOTOpasd 3aBHCHT B 00mIEM clydae OT BHJA
KOHCTPYKIIMH, €€ Pa3MEpPOB, MAPKH METAJLIIA, CXEMbl ONUPaHus U paboueil Harpy3KH.

Kputnueckas Temneparypa CTalbHBIX KOHCTPYKIUM, HAXOASIIUXCS OJ JEHCTBHEM
HOPMATHBHOMH HArpy3KH, MOXeT ObITh HpuHSTA npubmmkenHo pasuoii 500 °C. Ilpw
MCHBIIUX HArpy3kax, a TakkKe ¢ Lenbl0 0ojiee TOYHOIO OIpeeiIeHUs Ipelesa
OrHECTOMKOCTH, KPUTHYECKAs TEMIIEpaTypa KOHCTPYKLMHI J0KHA HAXOUTCA PACUETHBIM
IIyTEM B 3aBUCHMOCTH OT MEPCUMCICHHBIX BBILIC IAPAMETPOB.

ITOT pacyer COCTABIAET COJIEPKAHUE CTATHMUECKOHN 3a/lauM OIpelelieHus mpejielia
OTHECTOMKOCTH METAIIMUCCKUX KOHCTPYKLIMIA.

Tennorexuuueckas 4acTb pacyeTa OrHECTOMKOCTH 3TUX KOHCTPYKLUH CBOAMUTCA K
OIPEIECIICHII0. BPEMEHH HArpeBa MX MeETajula 10 3aJaHHOM KPHTHYECKOHM TEMITEPaTypBHI.
IIpu <~ 5ToM  BCIEACTBHE OrPOMHOM  TEIUIONPOBOJHOCTH METa/ula pacupeieleHue
TEMIEpaTypbl IO €ro CEYCHHI0 B OOBIYHBIX KOHCTPYKLHHSX MOKHO IIPUHSATH
PABHOMEPHBIM, 4YTO 3HAYMTEILHO YIIPOILAET pacyer.

[TosTomy B cily4ae HE3aUIMIIEHHBIX METALIMYECKHX KOHCTPYKIHH PaCCUUTHIBACTCS
TOJIbKO U3MEHEHHME TEMIIEPATYpPbl METAJIA BO BPEMEHHU B 3aBUCUMOCTU OT €ro Macchl U
TEMI0EMKOCTH.

Pacuer OrHeCTONKOCTH METAIMYECKUX KOHCTPYKIMH 1€1eCo00pa3sHo HaYMHAThL CO

CTAaTHYECKOM YacTH, T. €. C ONpPEACICHUS] KPUTHUCCKUX Temrepatyp. Jlaiee mpou3BoasT
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TEMIOTEXHUYSCKUN PACUYET, B PE3YJIbTATe YEro HaXOAT BPEeMs HArpeBa KOHCTPYKLHHU 10
KPUTHUYECKON TEMIIEPATYPBbI, T.€. €€ MPEAEI OTHECTOMKOCTH.

[Ipenen OTHECTOMKOCTH METAJUIMYECKUX (EepM U JOPYrHMX MPOCTPAHCTBCHHBIX
3JIEMEHTOB HACTYIAeT B pe3yJsibTare MoTepu Hecyllel crocobnoctu naubosee cinaboro ¢
TOUKH 3PEHHS OTHECTOMKOCTH 3JieMeHTa. [ BBIABICHHA TAaKOrO SJIEMEHTAa HaXOIATCH

npejelbl OrHECTOMKOCTH BCEX OJHOTHMITHBIX HAIPY>KEHHBIX CTOEK, PAaCKOCOB W HOSICOB
(depMBbl.

5.2 CraTHyeckast 4acTh pacyera

C:katple KOHCTPYKHOMH. [Ipn HarpeBe 0 BBICOKMX TEMIEpaTyp LIEHTPAIbLHO-
CKATbIE CTEPIKHHU (KOJIOHHBI, CTOMKH, PACKOCHI) YTPAUMBAKT HECYLIYIO CIIOCOOHOCTb MU
B pe3yJIbTaTe MOTEPH MPOIHOCTH, HITH 3a CUET MOTEPH YCTOHIHUBOCTH.

[Toreps  OpoOYHOCTH  HACTYNAET  BCHEACTBUE  CHHIXKEHUS  HOPMATUBHOIO
COIPOTHUBJICHUSI METaJJla HArpEeBAaEMOro CTEPXHS A0 pabovMx HANpPSLKEHUH B €ro
nonepeyHoM cedeHuu. OOBIYHO ATOT CIy4all MUMEET MECTO y CTepKHEH ¢ Majlod u
CpeHEe# rHOKOCTBIO.

Crepknu ¢ OosbIIONH TUOKOCTBIO MMPH HArpeBe, KaKk W MOPUH  HOPMAJbHbIX
TeMIepaTrypax, 3a CUET HaIu4yusd Jak€ MaJbIX DOKCIECHTPHCHUTETOB, BBI3BAHHBIX
UCKPUBJIEHUEM OCH, BHEIEHTPEHHBIM MPUIOKEHUEM HATPY3KU U T.I., MOTYT YTpayuBaTh
HECYIIYI0 CMOCOOHOCTh BCHEJCTBHUE IOTEPH YCTOMYMBOCTH H3-32 CHMIKEHUS MOJIYJIs
YOPYTOCTH ¥ pocTa AepopMauuid TeMNepaTypHOH MOA3Y4€CTH MeTala MPHU BBICOKHUX
TeMIlepaTypax.

V xonoHH (crepkHei) ¢ OONBIION THOKOCTHIO KPUTHYECKas Pa3HOCTh KPaeBhIX
nedopmaruii non3ydectd Ag, CBA3aHA C KPUTHYECKOW TEMMEpaTtypoil [, M CTENEHBIO
HATrpY>KCHHA ), CICIYIOLICH 3aBHCUMOCTBIO:

Ag, =4-107*(T,,~1,)* (5.1)

Y KONOHH ¢ MaJlod M cpegHell THOKOCTBIO 3Ta CBS3b XapaKTepU3YeTCs
KCHOHEHIMAIbHBIM  3aKOHOM. (C  y4yeroM 53TUX 3aKOHOMEpHOCTed Ha puc. 3.1
peACTaBlICHbl O00O0OIIEHHBIE KpPUBbIE HM3MEHEHUs @, CXKATbIX CTEpKHEH C pOCTOM

KPUTUYECKOMN Pa3HOCTH KpaeBbIX AehopManuii Ag, Opu pazauyHON CTENEHU HATPYKEHUS
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Ya
[To aTum KPHBbBIM MOHO OIIPCACIHTD tcr KdK JId HOEHTPA/IIbHO-CXKATBIX, TAK H
BHCLHCHTPCHHO CKAThIX C'Tep}KHefl.

[Ipu aTOM J1J1s1 HEHTPATIBHO-CKATHIX cTEpIkHEN Ag, HaxoauTes no Gopmyne:

)Tz a,
Ag, =——-—=2, 5.2
s =22, (5:2)

rae:

A — THOKOCTB CKATOTO CTEPIKHS;

0p— HaIPSHKEHUE B CEYEHUH OT JCUCTBUSA HOPMATUBHOM Harpy3ku, MI1la;
5

E — moayns ynpyroctu cranu, E=2,1-10" MIla.

B cityuae BHELIEHTPEHHOTO CxaTtus A€, M Y, BBIYUCISIOTES 110 POpMyam:

O.;xu’r
o= (5.4)
N N-e
it :F+ W (5'5)

n
rue:

F — NI011a1b TIOTIEPEUHOTO CEUCHHS KOHCTPYKIIHHA, M ;

R,,— HOpMaTHBHOE CONPOTHUBIICHUE CTAJHM 110 Npeaety Tekydect, MIla;
W, — NNaCTHYECKMil MOMEHT CONPOTUBIICHUS CEUECHHUS, M ;

€ — DKCLIGCHTPUCUTET NPUIOKEHUSA HATPY3KH, M.
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Pucynok 5.1 — Kpussie jgedopmanuum craneit npu: €7 < 0,02, remneparype t °C u crereHu
Harpy»xenus yr npu R, <290 Mlla; ----- R, >290 Mlla [6, 7]
Hirubaembie KoHCTPYKIMH. OMnbIThl MOKA3bIBAIOT, YTO CTANbHbIE OAllKM MpU
JNEHCTBHUM OTHSI CHU3Y paspyliaroTcsi B pe3yibTare HarpeBa HHKHEH IIOJIKH 10
KPUTHYECKOI Temmeparypsl fo. Benuuuna ee naxoaurcs no tabi. 5.1 B 3aBUCHMOCTH OT

K03 punuenHTa y,, paBHOro:

M
w_-R

ni v

7, = (5.6)

rae

M — makcuMasbHbIA U3rUOAOIIMA MOMEHT OT JACHCTBUS HOPMATUBHOM HArpysku, H-m;
= 3

W,; = TLIacTU4E€CKUA MOMEHT CONPOTUBIICHHUS CEYEHMS, M ; IS NIPSAMOYIOJIBHOIO CEYCHH

Wi, = L5W; nna asyraspoBoro ceuenus W, = 1,17W;
R,, — HOPMaTHBHOE CONPOTHUBIICHUE TI0 MPEALITY TEKYUIECTH.
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Tabmuua 5.1 3navenue kodGPULHEHTA Y,, YUYHUTHIBAIOIIETO0 HM3MEHEHHE HOPMATHBHOIO
COTIPOTHUBJICHHS R,,,, B 3aBUCUMOCTH OT TeMIiepaTypsl [6]

Temneparypa, 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

Pacrsinyrbie kKoHCTpYKuUMH. Kpurtnyeckas Temneparypa HEHTPaIbHO-PACTIHYThIX

CTep KHEH HaxoauTcs 1o Tadma. 5.1 B 3aBUCUMOCTH OT KO3 dHUIIHCHTA ), PABHOTO:

Vo= R (5.7)

Vi

rje
N — HopmaruBHas Harpy3ka rpu noxape, H;

2
F — mioma b 1monepeqyHoro CeYeHus KOHCTPYKIUU, M™;

R,, — HOpMATHBHOE COTMIPOTHBJICHHUE N0 TIpe/eTy TeKy4decTH, Mlla.

5.3 Tensiorexnuveckasi 4acTh pacyera

Koaddunuent tennonepenadu, a 0T cpeasl noxapa kK 000rpeBacMoi OBEPXHOCTH
KOHCTPYKLHHK BBIYUEIISIETCS 110 (POpMYJIE:

4 4
a=29+5,7Ts,, (67 100) -5, 1100) , (5.8)
t. =1,

“

rae:
1,— TEMIIEpATypa «CTaHapPTHOTrO Moxapa» 1o gpopmyie (5.9);
Ip— TeMineparypa oborpeBaemoii nosepxnocrtu, K;

1

= W s)+(1/5g)—1
MMOBEPXHOCTh KOHCTPYKIIMH»;

s=0,85 — CTENEHb YEPHOTHI CPE/IbI OTHEBOW KaMEphI TIEYn»;

s, =0,74 — CTeneHb YEPHOTHI OOOTPEBAEMOH MOBEPXHOCTH KOHCTPYKIMH.

— INpHUBCACHHAs CTCIICHE YCPHOTBI CHCTCMLI «OI'HCBasd KaMcpa —
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t, =3451g(0,133t+1)+1, , (5.9)

rje:
T — BpeMsl UCIIBITAHUS, C;
t,, — HAYaJbHas TeMIeparypa KOHCTpyKumu, 293 K.

YV MeTaJulM4ecKHX KOHCTPYKLUHMH TeMiepaTrypa oOorpeBaeMoi IIOBEPXHOCTH
CYIIECTBEHHO 3aBUCHUT OT TOJIIMHBI METAJLIA.

B 3tom ciydae nans MONyYEHHs AQHAJIWTHYECKMX PEIICHUH HEIb3s 3a1aThbCs
rpaHUYHBIM YCJIOBUEM TMEPBOr0 pojia, T.e. KAKUM-TO 3aKOHOM W3MEHEHHS TeMIepaTyphbl
oborpeBaeMOi IMOBEPXHOCTH, KakK 93TO BO3MOXKHO B Cly4ac IKCI€300CTOHHBIX
KOHCTPYKIMI, y KOTOpPBIX TemIlepaTypa 000rpeBaeMOM MOBEPXHOCTH MNPAKTHUECKH
OJMHAKOBA.

B ciyyae MeTalIMUECKMX KOHCTPYKIMH KpaeBylo 3ajauvy HeCcTalMOHApHOH
TEIUIONPOBOAHOCTH CJICYET PEIIaTh MMPU T'PAHUYHBIX YCIOBHUAX TPETHErO pona, T.C. MPHU
3aJJaHHOM TEMIIEpPaTypHOM pEeXHME «CTaHJapTHOro moxapa» mno dopmyne (5.9) wu
K03 dunueHTe TeIUIonepeIayd @ OT HarpeBaloIICH cpeabl K NOBCPXHOCTH KOHCTPYKIHH
no dopmyne (5.8). DTu kpaeBble YCI0BUS HeluHeENHHbl. HeluHelna takke Teronepeaaya
B TONMNIC KOHCTPYKIHMH, TaK Kak TEIUIOPH3NIECKHE XapaKTEpPUCTUKH MeTauia |
0OJIMIIOBOK 3aBHCAT OT TEMITEPATypPhI.

[Tpu 3THUX yCIOBHSX MOMTYYCHHE aHAMTUYCCKUAX PEIICHUI BO3MOKHO MPAKTHYECKH
TOJIBKO MYTEeM MCMOJb30BaHUS TOCTOSHHBIX KOO(PPHUIIMEHTOB TerionepeHoca, HaiIeHHBIX
IPU KaKKX-TO CPCAHMX TeMIIepaTypax.

Heszammmennsbie koHcrpykuuu. Kak wusBectHo, Mmeramn 00j1ajlaeT OTPOMHBIM
K03(h(DHUIIHEHTOM TEeMIIepaTypOIPOBOIHOCTH, 338 CUET YErO BBHIPABHUBAHHE TEMIICPATYPHI
M0 €ro TOJNIIMHE NPOUCXOAMT BeCbMa ObICTPO. DTO NaeT BO3MOMXKHOCTb [0 CEYEHHIO
MeTala KOHCTPYKIHMH TIpH HArpeBe MPUHATH PaBHOMEPHOC  pacIpeeicHHE
Temriepatypel. B stom cnywae auddepenHnuanbHoe ypaBHEHUE HAarpeBa CTEpKHA Oyner

HMCTBb BH/I:
ac.D' (‘re B fcm -)Sfm ot = CC,D y crl Vn:m OIL‘JH t (5 % 10)

rae
a,, — CpeaHuii KO>3()UIHEHT TEIIONEPEaUH K IIOBEPXHOCTH CTEPIKHS;
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t,— TeMIIepaTypa o CTaHAApTHON KPHBOM;
t, — TeMIIepaTypa CTePKHSI;

S, — oborpeBaemast MOBEPXHOCTh CTEPHKHS,
T - BpeMms;

¢,, — CPE/IHSAS TEMIIOEMKOCTh METaILIA;

Y., — IJIOTHOCTB CTalH;

V. —00beM MeTalia CTePKHSA,

Cwmbicnt ypaBrenusi (5.10) cocTouT B TOM, 4TO BCE TEILIO0, NOCTYHAIONIEE B CIEPKEHb
gepe3 000rpeBacMyI0 MOBEPXHOCTh, PACXOAYETCSl Ha HArPEB 3TOTO CTEPIKHS.

[Tocne npeoOpazoranuii UMEEM:

— VCT E}tt}'f
acp(ta_tﬂ)_ccp}(cr S TT - |
v
Obo3nauas S—“ztmd UMEEM
acP(ts_tﬂ):CcpycTtmﬂ : a_c ) (5.1 l}

riae t,, — MpUBEACHHAS TOJIIMHA METalia, M.
Boipakenue (5.11) npeacrasiser coOoll ypaBHEHME TEIIOBOrO OallaHca IpU

HarpeBe HEOrpaHWYCHHOM MJIACTHHBL TONIIMHON t_,, 0JIHA TTOBEPXHOCTH KOTOPOW HMMEET

HACAJIBHYIO TEIIOU3OJIALIHIO.

Benuuuna t_,, TakuM 00pazom, 1ae€T BO3MOKHOCTb CTEPKHH, HUMEIOLIME JHOOYIO

KOH(MUTYPALHIO TOIEPEYHOTO CEUEHHUS, IPUBECTU K IPOCTOM TUIACTUHE,

YUncnennsie pemieHus ¢ noMoubo IBM. bosbiuM npenMyniecTBOM YUCICHHBIX
pelIeHui SBISeTCA X YHHBEpCAIbHOCTh. OHU Jal0T BO3MOMKHOCTb YU4€CTh B pacuere He
TOJIBKO JIFOOBIC TPaHWUYHBIE YCJIIOBHS M JIFOOYIO TCOMETPHUIO CEYCHHS KOHCTPYKLHH, HO
TaKKe HETMHEHHOCTH XapaKTEPUCTHK TEIUIONEPEHOCa U PacXo/l TEMNIa Ha UCITapEHUE BOIBI
B nopax o0auioBku. [IprMeHeHHe 4YuCiIEHHBIX penieHuil 00bIMHO CBs3aHO € OOIbIION
BBIYUCIUTEIBHON padoTOH. DTOT CYIIECTBEHHBIH IIPH PYYHOM pacueTe HEAOCTAaTOK
JNAHHBIX PEIICHUH JIETKO MTPEO/10JIEBACTCS B MHIKEHEPHOM MPAKTHKE ITYTEM MCII0JIb30BaHMSI

OBM.
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Bripazum auddepenumnansioe ypaBuenude (5.10) B pa3sHOCTHOM BHje, 3aMeHss

cpesinue KOOPPUIUMEHTHI a M ¢, MCTUHHBIMH UX 3HaueHHsMHM a U Ct TpuU BBHICOKHX

TEMIEpaTypax.

a(tﬁ = r{.'m’ )SI'H] a r = (C{'ﬂn’ + D{'fﬂtf'ﬂﬂ )y('ﬂIV('f" (ti'.l’n,.‘\r = r{'iﬂ ) 2 (5 . 1 2)

rae
C., — HaYanbHbIi KOYPOUUMEHT TENIOEMKOCTH METAILNa;

DcT - KOB(l)(l)HLIHeHT WU3MCHCHHSA TCIIJIOCMKOCTH METaJllia,
toa. — TEMIICPATYpaA CTEPIKHA HEPE3 pacqemmﬁ MHTEpPBaJ BpeMeHH AT,

CcT

a — K03(ppUUUEHT TeIUIONEpEaauy K MOBEPXHOCTH crepkHs (5.8).

3amenum S_ =11V, =Fl,
rae Il — oborpeBacMbli TEpUMETP CCUCHHUA CTEPKHA, M; F — TIomanss momepedyHoro
CEUYEHHSA CTEPIKHA, M2; | — nyiMHa CTEpPIKHS, M.

[Tociie nojicTaHOBKHU ¥ IPeoOpa3oBaHM TIOJYHHM:

At
= a(tﬂ 1 Ium) + rmr »
:Vr.‘m tf'ea’ (C + D t )

it [ e

em, AT

(5.13)

rjie At — pacyeTHbIH HHTEpPBAJ BPEMEHH, C;
lyeq — NPUBEJICHHAS TOJIIMHA METalIa, M

®opmyna (5.13) ABIACTCA aITOPUTMOM Uil MAIIMHHOTO pacyeTa TeMIepaTyphl
HE3aIUINEHHBIX  META/UIMYECKMX  KOHCTpyKnuid. Temmeparypa — He3alUIIEHHBIX
METAJTMYECKHX KOHCTPYKIIUI B IIPOLIECCEe HArpeBa, KakK TO claenyeT U3 ypaBHeHus (5.13),
3aBUCUT TOJILKO OT OJIHOTO TE€OMETPUYECKOrO MapaMerpa — MPUBEIEHHON TOMIHHbI
METamIa fpqy.

DTO MO3BOJSET Ui KaX/O0W TNPUBEJACHHOM TOJIMHBI METANIa COCTABUTH OJIHY
HOMOTPaMMY, C IOMOIIbLI0 KOTOPOH MOKHO ONPEACNIATH TEMMEPaTypy HE3alUIICHHBIX
KOHCTPYKIIHM TIOOBIX CEHEHMA.

Takas HOMOrpamma, cocTaBlIeHHast ¢ moMoupl0 DBM, i KOHCTPYKUMH M3 CTalIH

u300paxeHa Ha pucyHke 5.2 [7].
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PHCYHOK 5.2 — 3aBHCUMOCTD TEMIOCPATYPBI HE3AMHWIMICHHABIX 3JICMCHTOB CTAJIBHBIX

KOHCTPYKIIMH OT BPEMEHH HArpeBa 1o pekuMy «CTaHapTHoro» noxapa [6, 7].

Takum oOpazom, mns  ompeneneHus (PaKTHIECKOTO TIPEAeiTa OTHECTOHKOCTH
HE3aMIUIICHHBIX 3JICMCHTOB CTANBHBIX KOHCTPYKIUH MOpHU ACHCTBUH «CTaHIAPTHOTO»
nokapa HeoOX0/IMMO ONPECIUTh 3HAYEHHE KPUTUUECKOH TeMneparypsl f., (cTaTuyeckas
3a71a4a), a 3aTeM 3HAYCHHUE MPUBEACHHON TOJIIIMHBI METAIIA 7,y ¥ TIPEeN OTHECTONKOCTH

115 (Tenjorexnudeckas sajpava). [Ipumepsl pacuera NpHBEAEHHOH TOJNIIMHBI MeTalla

[pUBeIeHbI B TaOIuIe 5.2.

Tabsmua 5.2 [Ipumeps! pacuera IPUBEACHHON TOJILIMHBI MCTAJLIA

Ceuenusi, 00orpeBaemMbie 10 BceMy NepHMeETPY 1
4
2h+4b-2s

o & 4
2h+4b—2s

| ——
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Ceuenusi, 060rpeBaeMbie 1Mo BceMy NepHMETPY

2

Ceqemm, C HaCTHYHBIM OGOITIEBOM nepuMeTpa

trea’

PPl

Pl Pl

=

A

2h+3b-2s

A

2h+3b—2s

Bpems  ocTUXKEHUSI KPUTHUECKOU
or"esamuTon cucteMor «ET IIpodune» onpenensiercs no ¢popmyne (5.14) Ha ocHoBaHHH
YpaBHEHUS UUCIOBON pErpeccuy, MOJIY4YEHHOr0 B pe3ylbTare 00padOTku JaHHbIX
OTHEBBIX MCHBITAHUH B COOTBETCTBUM € MeToauMKoM mnpuwioxenus H [5]. Meroauka

OﬁpaﬁﬂTKH JAaHHbIX OI'HEBbIX HUCIIBITAHUH npuBeacHa B MPHUIIOKCHHH A HaCTOHIJ_leﬁ

HHCcTpyKUHH.

t=a,+ad,va,d,t +ast, +a,d,t, +ad, 1 1, +ad. 1, +a51.,,

TIe:

prertr

ap— az— KodpPUIMEHTbI YpaBHEHHUS PEIPECCUH:

ay = 7,062475397;
a; = 1,243207199;
a> = 0,0019136;

24

TEMIIePATYpPbl

CTA/IbHON ~ KOHCTPYKUHU C




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

dp — TOJIIMHA OTHE3AIUTHOTO NOKPBITHS, MM.

Meroauka TIPOCKTHUPOBAHUSI TpeOyeMOH TONIMIUHBI OrHE3ALIUTHOW  CHCTEMBbI
«ET Ilpodunb» st CTagbHbIX KOHCTPYKLIMI CBOAMTCS K OIPEACIEHUI) TOJIIUHBI
MOKPBITHA B 3aBHCHMOCTH OT TpeOyeMoro mpenena OTHECTOMKOCTH KOHCTPYKIHH,
KPUTUYECKON TEeMIIepaTyphbl, BHIUUCIEHHONW B COOTBETCTBHM € pasjiesiom 5.3 Hacrosme
WHCTpyKIIMA M NIPUBCACHHON TOJIIMHBI MCTAJUIA, HUCIIONB3Ys TaOJNMIBI, IPUBCICHHBIC B

[IPUIIOKEHHH b.
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CIIMCOK JIMTEPATYPbI

. TexHu4eckud peraaMeHT O TpeOOoBaHUAX MOkapHOH Oe3omacHocTH [Tekcr]:

¢enepanbublil 3akon Poccuiickoit denepauuu ot 22 urosig 2008 r. Ne 123-03 — M.:

N3narenbckuit gom «Axyp», 2008 — 132 ¢.;

. Konctpykiun crpourtenbible. MeTo/ibl MCOBITAHUM HA OTCHECTOMKOCTh. OO0I1He
tpeboBanus [Teker]: TOCT 30247.0: mpuasat MexXrocyaapCcTBCHHOH Hay9HO-
TEXHUYECKOM KOMMCCHEH MO CTaHAAPTU3ALMH U TEXHUYECKOMY HOPMHPOBAaHHIO B
ctpoutensctBe (MHTKC) 17 nHosiops 1994 Ne 18-26. — M.: H3partenscTBO
cranaaptos, 1996. — 11 c.;

. KoHcTpyKimu crpouTteiibHbie. MeTo/bl UCTIBITAHUH HA OrHEeCTOHKOoCTh. Hecyiume n
orpaxaatomme koucrpykuuu: I'OCT 30247.1: npunst MexkrocyaapCcTBeHHOM
HAayYHO-TCXHHYECKOH KOMHCCHEH 10 CTaHJapTH3alud W TEXHHYECKOMY
HopMmupoBaHu B crpoutenserBe (MHTKC) 17 Hos0ps 1994 No 18-26. — M.:

W3parenbeTBO cravaapTos, 1996. — 8 c.;

. CpencrBa orue3anuTsl Uit €TalIbHBIX KOHCTpYKUuil. Odume tpedoBanus. Metos
onpeseneHust oruezamutHon a¢gdexkrusHoctu [Teker]: TOCT P 53295-2009 — M.
Cranpaptundopm, 2009. — 13 c.;

. Mertoasl ucnbITaHUN ISt OTMpeaecHus (GakTOpOB, BIUSIONINX HA OTHECTOWKOCTH
CTPOUTENBHBIX KOHCTPYKIMI. Yacte 4. 3ammra cTalbHbIX KOHCTpyKiuii: 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. 31anus, coopyXeHHS W MX YCTOHYMBOCTH Mpu mnoxape [Tekcr]:
yued. s caymaTened M KypCaHTOB TMOMKAPHO-TEXHUYECKUX 00pa30BaTENIBHBIX
yupexiennit MUC Poceun / B. H. Jlemexun, W. JI. Mocankos, I'. ®@. [1ntocuuna, A.
FO. Cepxog, A. 1O. @ponos, E. T. ypun. — M.: AI'TIC MYC Poccuun, 2003. — 656
G}

. SAxoBneB A. WM. Pacuer OrHeCTOMKOCTHM CTPOMTEIbHBIX KOHCTPYKLMH. —

M. : Crpoiiusaar, 1988. — 143 c.
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8. Texuuueckuil pernament EBpasuiickoro skonomuyeckoro corosa "O tpeGoBaHuax

K cpeacrBaM  obecrieyeHusi TOkKapHOW 0O€30MacHOCTH W NoKapoTylieHus"

(TP EASC 043/2017);
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MNPHJIOXKEHUA

IMPUJIO’KEHHE A

Metoauka 00padoTKH pe3y/JbTATOB OTHEBbIX HCIIBITAHUH

OOpaboTka pe3ynbTaTOB OrHEBBIX MCIBITAHWH BBIOJHEHA METOJIOM YHCIOBOM
pEerpeccuy B COOTBETCTBHM C METOAMKOM, M3J10KeHHOH! B npuinokeHud H [5]. MexonuaeiMu
JMaHHBIMU JUIsE 00pabOTKM MO 3TOH METOJMKE MOCHYXXHJIH TONI[HHA OTHE3aIUTHOU
CHCTEeMbI dp Ha OOpasLax IUid UCIBITAHUS B COOTBETCTBUU ¢ [4], TeMIEpaTypHbIC TaHHbBIC
10 UCIIBITAHUSIM, TIPUBE/IEHHAS TOJIIIMHA METAILIA 1,0y

B coorBerctBUM ¢ npuioxeHueM H [5], 4uCleHHBIN aHAIH3 MHOXXCCTBECHHOM
JNMHEHHOU perpeccuu MpoBOJILT, UCTIOJb3YS Cleylollee YpaBHEHHE:

. R
dg 7 :
PATV AV T Ay

d,
t=a,+ad, +a, A—;V;Jraﬂs,: +ayd 05 +asd

L4

(A.])

rje:

ap— a7 — KOYPPULMEHTbI YPAaBHCHUS. PEIPECCHH;

dp — TOJILUHA OTHE3AUIMTHOTO TOKPBITHS, MM;

Ap/V — K03 PULINECHT CeUEHNSA CTATHHOH KOHCTPYKIIHH, m

0, — KpUTHUYeCKas TeMAepaTypa CTaIbHOM KoHCTpyKumy, C.

B Poccum TpagnmmoHHO BMecTO Kod(dummeHTa ceucHHs A,/V TpuMeHseTcs
3HAUYEHHE TIPUBEACHHOW TOJIIMHBI MeTaa f.y; KOTOpas (AKTHIECKH SBISETCA
BEJIMYMHOM  00parHOol npodunbHoMy ko3hduumuenry cedeuus A,/V, mnosromy B
NaNbHEHIINX pacdyerax OyAeT HCIONB30BAThCS 3HAYCHHE TMPHBEICHHOW TOJLIMHBI
METalIa, TOTa YPaBHECHUE PErPECCHH TIPUMET CIEAYIOUINH BH/L:

t=a,+ad,+a,dt,, +a, +ad,, +ad,.t

e red +aﬁrc:rtrmf +a?r;uf (A.Z)

Onpeaenenue KOIPOUIUMEHTOB PErPECCUU dy — @7 NPOBOAWIOCH MPH MOMOILH
nporpammHoro kommiekca MS Excel. [lomydennsie B pesynbpTaTe perpecCHOHHOTO
aHanu3a Kod(pQUUMEHTB! ag— a; YMHOKAIOTCSA Ha KOPPEKTUpPYIoUi koadpuuuent (K<1),
TUIsL BBITIOJTHEHUS KpuTepues mo 1. 13.6.1 [5]:
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- KOJIMYECTBO IOJIO)KHUTENILHBIX Pa3HULl MEXKIY PACYETHBIMM 3HAYEHUSIMU TeMIepaTyp

U ucnbiTanueM He Oosiee 20 %;

- CcpeaHee 3HA4YCHHUE pasHUI] TeMIIepaTyp MEXAy pacueToM M HCIbITaHHEM — MeHbLIe 0;

- KOJIMYECTBO IOJIOKUTENILHBIX pa3HUll TeMnepatyp co 3nadennem donee 30 % — 0.
Ilocne omnpeneneHus KOXPOUIMEHTOB pErpeccHH, HUCHoab3ys ¢Gopmyny A2,

onpeaessercss TpedyeMas TOJIIMHA OrHE3aMTHONO MOKPLITHSL Ul 33JaHHOrO THpejena

OTHECTOUKOCTH.
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MNPUJIIOKEHUE b
Onpepnenenue Tpedyemoii Tojmuuabl MBOP @ B orHe3ammuTHOM cucTEeMe
«ET podunb» B 3aBUCHMOCTH OT TPeOyeMOro npejesia OoruecTouKoCcTH,
HPUBEACHHO¥N TOJINHHBI META/LJIA U KPHTHYECKOH TeMIeparypbl

CTAJbHOH KOHCTPYKUHH

[Ipeaen ornecroiikoctu R135

[IpuBenennast Tpebyemasi TOAIMMHA NOKPBLITHSI, MM, IPH KPHTHYECKOH TeMMepartype
TOJIIMHA MeTaJLIa, CTAJIbHOH KOHCTPYKIHH, {®
tred, mm 350 400 450 500 550 600 650 700
1,5 3 5 5 5 5 5 5 5
1,6 5 5 5 5 5 5 5 5
1,7 5 5 5 5 5 3 5 5
1,8 5 5 5 5 b 5 5 5
1,9 5 5 5 5 5 5 5 5
2 5 5 3 5 5 5 5 5
e | 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 S 5 5 5 5 5 5 5
25 5 5 5 5 5 5 5 5
2,6 5 5 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 3 5 5
3 5 ] B 5 5 5 5 5
| 3 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
3.9 5 5 5 5 5 5 5 5
3.6 5 5 5 5 5 5 5 5
37 5 8 5 5 5 5 5 3
3.8 5 5 5 5 5 5 5 9
3.9 5 5 5 5 5 5 5 5
4 5 5 S 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

2
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[Mpueenennas TpebGyemas TOIHHA NOKPBITHSI, MM, [IPH KPHTHYECKOH TemMIneparype
TOJIIHHA METAJLIA, craasHoil Konerpykumn, "C
tred, mm 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
4,9 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
53 5 5 5 H/T H/T H/T H/T H/T
54 5 5 5 H/T H/T H/T H/T H/T
35 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 u/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
| 5 3 5 H/T H/T H/T H/T H/T
72 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
7.7 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
3 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 A 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 0/t H/T
9 5 5 5 H/T H/T H/T H/T H/T

LIS ]
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[IpuBenennasi TpebGyemas To/IIHHA NOKPBITHSI, MM, [IPH KPUTHYECKOH TemIlepaType
TOJMHHA METAJLIA, craasHoil Konerpykumn, "C

tred, mm 350 400 450 S00 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

9,4 5 5 5 H/T H/T H/T H/T H/T

IMpumeuanmne: 1. H/T — OTHE3AIHTA He TpedyeTes;
2. npugejieHHas tojmuHa MBOP @ siasiercss MUHHMAJIbLHO-PACYETHOH, NMPH

pa3paboTke pemieHHil N0 NOBBLIMEHHIO OTHECTOHKOCTH KOHCTPYKUHMI Heo0X0AMMO NpUMEHNTH
HOMEHKJIATYPY TOJILIMH IPOH3BOIUTEIsL.

[Ipenen ornecroiikoctu R 30

Tpebyemast TOMIHHA NOKPBITHS, MM, TPH KPHTHYECKO# TeMmepaType

Mpusenennas
CTA/IbHOI KOHCTPYKIH, 'C

TOJIHAHA METaJJIa,

tred, mm

350

400

450

500

550

600

650

700

1,5

oo

8

1,6

1,7

1,8

1.9

2

21

22

25

2,4

2,5

25

2,7

2,8

2.9

3

31

33

3,3

34

B.5

3,6

3,7

3,8

3,9

4

4,1

4,2

4,3

44

4,5

o0 | 00|00 |00 |00 |00 |00 (00|00 |00|00 |00 |00|00|C0|00|00|00 |00 | 00|00 00|00 00|0C |00 (00|00 |00 (00|00

n|tn|tn |00 |00 |00 |00 |00 |00 |00 |00 |00 |00 |00 |00|00|00|00 |00 |00 |00 (00|00 |00|0C|00|(00|00|00 (00|00

n|tnftn|h|n|h |Lh (00|00 |00 |00 |00 |00 |00 |00 |00 |00|00 |00 |C0 |00 (00|00 |00|0C |00 (00|00 |00 |(c0|o0

h|lnlha|h|h|h|th|h|a|h|h |[Lh |CO |00 |00 |00 |CO|C0 |00 |C0 |00 |C0|0O|Co|CC |00 |00 |oo|oe|co

h |l |h|h|h|tn|n|a|alh|h|th|th |t |h|la|tbh |Lh |h (o0 | CO|CO|CO|CC| oo |(Co|oo|oo|co

h|alth|a|thala|ath|h|ah | Lalth|a|tha | n|th|th | |ta|tbh |[Lh|th | | |00 |00 (Co |00 | S| o0

hjtalth|a|tala|Lh|h|ta|a|th|Lalth|a|hh|h|th|th | a|th(Lh|(th|a|ta|h |[Lh [ n | G0 | SO | DO

hjhjth|h|h|h|Lh|bh|h|a|h | Lh(ta|h|h|h|th|th | a|bh [Lh|h|a|h|h |[h | |Wh | SO | 00

(%]
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[Mpueenennas Tpebyemast TOJAIMHA OKPBITH, MM, IPH KPUTHYECKOH TeMieparype
TOJIMHA MeTaJLIa, cTaIbHoI KoHCTpyKImm, "C

tred, Mmm 350 400 450 500 550 600 650 700

9 5 5 3 5 5 3 5 5

9.1 5 5 3 5 5 5 3 5

9,2 5 5 5 5 5 5 5 5

9,3 5 5 3 5 5 5 3 5

9,4 5 5 5 5 5 5 5 5

IMpumeuanne: 1. npuBeieHHast TojmuHa MBOP @ sBiasiercss MUHHMA/IbHO-PACYETHOH, NpPH
pa3pafoTke pelleHHH MO0 TMOBBINIEHHIO OTHECTONKOCTH KOHCTPYKIMI He00X0AMMO TIPHMEHSIThH
HOMEHKJIATYPY TOJIIHH ITPOH3BOAHTEIS.

[Ipenen oruecroiikoctu R 45

IpuBenennas Tpebyemast TOJIMMHA OKPHITHH, MM, IPH KPHTHYECKOH TeMIiepaType
TOJINIHHA METAJIIA, cTaIbHOI KoHCTPYKuan, "C
tred, Mmm 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
L7 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 &
4| 10 10 10 8 8 8 8 8
2.2 10 10 10 8 8 8 8 8
L 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
3.3 10 8 8 8 8 8 3 5
] 10 8 8 8 8 5 5 5
34 8 8 8 8 8 5 5 5
&5 8 8 8 8 8 5 5 5
3,6 8 8 8 8 5 S 5 5
3.7 8 8 8 8 5 5 3 5
3.8 8 8 8 8 5 5 S 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 S 5
42 8 8 5 5 5 5 5 5
4,3 8 8 5 5 5 5 5 5
4.4 8 8 S 5 5 5 5 5
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[Mpueenennas Tpebyemast TOJAIMHA OKPBITH, MM, IPH KPUTHYECKOH TeMieparype
TOJIMHA MeTaJLIa, cTaIbHoI KoHCTpyKImm, "C

tred, Mmm 350 400 450 500 550 600 650 700

8,9 5 5 3 5 5 3 5 5

9 5 5 3 5 5 5 3 5

9,1 5 5 5 5 5 5 5 5

9,2 5 5 3 5 5 5 3 5

9.3 5 5 5 5 5 5 5 5

9,4 3 S 5 5 5 S 5 5

IIpumeuanne: 1. npusejiennas toamuna MBOP @ sgBasiercss MHHHMAJIbBHO-pacHeTHON, nMpH
pa3padoTKe pelleHUH N0 NOBBIMIEHHI0 OrHECTOMKOCTH KOHCTPYKLMII Heo0X0AMMO NPUMEHSITH
HOMEHKJIATYPY TOJIIHH MPOU3BOIHTEIS.

[Tpenen ornecroiikoctu R 60

IIpuBenennas Tpebyemast TONHHA NOKPBLITHS, MM, HPH KPHTHYECKOH Temneparype
TOJIHHA MeTajIa, cTaabHO KoucTpykunm, 'C
tred, vm 350 400 450 S00 550 600 650 700
1,5 16 16 13 13 13 13 10 10
1,6 16 13 13 13 B 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 J3 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
25 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 I3 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
2 13 13 13 10 8 8 8 8
2.3 13 13 10 10 8 8 8 8
34 13 13 10 8 8 8 8 8
3,5 13 13 10 8 8 8 8 8
3,6 13 i 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
39 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 b)
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[Mpueenennas Tpebyemast TOJAIMHA NOKPBITHS, MM, [P KPUTHYECKOH TeMieparype
TOJIMHA MeTaJLIa, cTabHoIl KoHCTpyKImm, "C

tred, Mmm 350 400 450 500 550 600 650 700

8.8 5 5 3 5 5 3 5 5

8,9 5 5 3 5 5 5 3 5

9 5 5 5 5 5 5 5 5

9.1 5 5 3 5 5 5 3 5

9,2 5 5 5 5 5 5 5 5

9,3 3 S 5 5 5 S 5 5

9,4 5 5 5 5 5 5 5 S

Ipumeuanne: 1. npuBeaeHHast toamuia MBOP @ sipjasiercsi MHHUMAJALHO-PACYETHOH, NpH
pa3paGoTke pelieHHii M0 NMOBBLINIEHHIO OrHECTOMKOCTH KOHCTPYKIHI HEOOX0MMO NPHMEHATH
HOMEHKJIATYPY TOJILMHH [IPOU3BOANTEIS.

IIpeaen ornecrorikoctu R 90

[MpuBenennas TpebGyemast To/IIHHA NOKPBITHSI, MM, IIPH KPHTHYECKO#i TeMnepartype
TOJIIMHA METAJLIA, CTAJAbHOH KOHCTPYKLHH, ¢
tred, vm 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 23 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
2.9 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
3.7 23 20 18 16 16 16 13 13
3,3 20 20 18 16 16 16 13 13
34 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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[Mpueenennas Tpebyemast TOJAIMHA OKPBITH, MM, IPH KPUTHYECKOH TeMneparype
TOJIMHA MeTaJLIa, cTaIbHoI KoHCTpyKImm, "C
tred, Mmm 350 400 450 500 550 600 650 700
4,3 20 18 16 16 16 13 13 10
44 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
3] 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
37 18 16 16 13 16 10 10 8
5,8 18 16 16 13 16 10 8 8
59 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 3
6,9 18 16 13 10 10 8 8 5
T 18 16 13 10 8 8 8 5
i | 18 16 13 10 8 8 5 5
7,2 16 16 13 10 8 8 5 5
) 16 16 13 10 8 8 3 5
7.4 16 16 13 10 8 8 3 5
7.5 16 13 13 10 8 8 5 5
7,6 16 13 13 10 8 5 5 5
W 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 3 5
8 16 13 10 8 8 5 5 )
8,1 16 13 10 8 8 5 3 )
8,2 16 13 10 8 5 5 5 3
8,3 16 13 10 8 5 5 5 5
8,4 16 13 10 8 5 5 S 5
8,5 16 13 10 8 5 5 5 5
8,6 16 13 10 8 5 5 3 3
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[Mpueenennas Tpebyemast TOJAIMHA OKPBITH, MM, IPH KPUTHYECKOH TeMneparype
TOJIMHA MeTaJLIa, cTaIbHoI KoHCTpyKImm, "C

tred, Mmm 350 400 450 500 550 600 650 700

8,7 16 13 8 8 5 3 5 5

8.8 16 13 8 8 5 5 3 5

8.9 16 13 8 5 5 5 5 5

9 13 10 8 5 5 5 3 5

9.1 13 10 8 5 5 5 5 5

9,2 13 10 8 5 5 S 5 5

9,3 13 10 8 5 5 5 5 S

9,4 13 10 8 S5 S5 5 3 5

Ilpumeyanne: 1. npusegaeHHass Toammaa MBOP @ sipasierci MHHHMAJbLHO-PACYETHOMH, NPH
pa3padoTKe pelleHHH M0 NOBBLIMIEHHI) OrHECTOMKOCTH KOHCTPYKUMEA HE00X0AHMO NPHMEHSTh
HOMEHKJIATYPY TOJIIHH TPOU3BOAHTENA.

[Ipenen ornecroiikoctu R 120

[puBenennas TpebGyemast TOIHHA NOKPBITHS, MM, IPH KPHTHYECKOH TeMneparype
TOJIMHA METAJLIA, CTAILHON KOHCTPYKINH, 'C
tred, mm 350 400 450 500 550 600 650 700

1,5 H/n H/1 26 23 23 20 20 18
1,6 H/I 26 26 23 23 20 20 18
1,7 H/I 26 26 23 23 20 20 18
1,8 H/1L 26 26 23 23 20 20 18
1,9 H/TT 26 26 23 23 20 20 18
2 H/1 26 26 23 23 20 20 18
21 H/11 26 26 23 23 20 20 18
2,2 H/IL 26 26 23 23 20 20 18
2,3 H/1I 26 26 23 23 20 20 18
2,4 H/1 26 26 23 23 20 18 18
2.5 H/1 26 26 23 23 20 18 18
2,6 H/TT 26 26 23 23 20 18 18
2,7 B/ 26 26 23 23 20 18 18
2,8 H/11 26 26 23 23 20 18 18
2,9 H/TT 26 26 23 23 20 18 18
3 H/I 26 26 23 20 20 18 18
3,1 H/I 26 26 23 20 20 18 18
3.2 H/n 26 26 23 20 20 18 18
353 H/I 26 26 23 20 20 18 18
34 H/T 26 26 23 20 20 18 16
3,5 H/1 26 26 23 20 20 18 16
3,6 H/TT 26 26 23 20 20 18 16
3,7 H/I 26 23 23 20 18 18 16
3,8 H/1I 26 23 23 20 18 18 16
3.9 H/1 26 23 20 20 18 18 16
4 H/I 26 23 20 20 18 18 16
4,1 H/J1 26 23 20 20 18 18 16
4,2 H/n 26 23 20 20 18 18 16
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[Mpueenennas Tpebyemast TOJAIMHA OKPBITH, MM, IPH KPUTHYECKOH TeMneparype
TOJIMHA MeTaJLIa, cTabHoI KoHeTpyKmm, "C
tred, Mmm 350 400 450 S00 550 600 650 700
4,3 H/11 26 23 20 20 18 18 16
44 H/ ] 26 23 20 20 18 16 16
4,5 H/1 26 23 20 20 18 16 16
4,6 H/1L 26 23 20 20 18 16 16
4,7 H/TT 26 23 20 20 18 16 16
4,8 H/1 26 23 20 20 18 16 16
4,9 H/11 26 23 20 20 18 16 16
5 H/1 26 23 20 20 18 16 16
3] H/ 1 26 23 20 20 18 16 16
5,2 H/ 1T 26 23 20 18 18 16 16
5,3 H/11 26 23 20 18 18 16 16
5.4 H/ ] 26 23 20 18 18 16 16
5,5 H/1L 26 23 20 18 16 16 16
5,6 H/1 26 23 20 18 16 16 16
37 H/]1 26 23 20 18 16 16 13
5,8 H/1L 26 23 20 18 16 16 13
59 H/1L 26 23 20 18 16 16 13
6 H/1 26 23 20 18 16 16 13
6,1 H/1L 26 23 20 18 16 16 13
6,2 H/11 26 23 18 18 16 16 13
6,3 H/11 26 23 18 18 16 16 13
6,4 H/ZT 26 23 18 18 16 16 13
6,5 H/1L 26 23 18 18 16 13 13
6,6 H/1 26 23 18 18 16 13 13
6,7 H/T 26 23 18 18 16 13 13
6,8 H/H, 26 23 18 18 16 13 13
6,9 H/]L 26 23 18 16 16 13 13
T H/1 26 23 18 16 16 13 13
i | H/1L 26 23 18 16 16 13 13
7,2 H/1 26 23 18 16 16 13 13
) H/n 26 23 18 16 16 13 10
7.4 H/TT 23 23 18 16 16 13 10
7.5 H/1 23 20 18 16 13 13 10
7,6 H/11 23 20 18 16 13 13 10
W H/TT 23 20 18 16 13 13 10
7,8 H/z 23 20 18 16 13 13 10
7.9 H/11 23 20 16 16 13 13 10
8 H/11 23 20 16 16 13 10 10
8,1 H/1L 23 20 16 16 13 10 8
8,2 26 23 20 16 16 13 10 8
8,3 26 25 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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[IpuBenennasn Tpebyemast TOJAIMHA OKPBITH, MM, IPH KPUTHYECKOH TeMneparype
TOJIHHA MeTAJL/1a, CTAJIbHOM KOHCTPYKINH, C

tred, mm 350 400 450 S00 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

Ilpumeyanne: 1. H/A — npumeHenne cucremsl «ET Ilpogniab» He nonyckaercs;
2 npupeaeHHasi Toamuia MBOP @ sipiasiercsi MHHUMAJILHO-PACYETHOH, NpH

pa3paboTke penIeHHHl MO NOBLIMIEHHI0O OTHECTOHKOCTH KOHCTPYKIMHE He00X01MMO NPHMEHATH
HOMEHKJIATYPY TOJIHH IIPOH3BOAXTEN.

IIpenen ornecroiikocTu R 150

Mpusenennas TpeGyemast TOTIMHA MOKPBITHSI, MM, IPH KPUTHYECKOI TemnepaType
TOJIIMHA METAJIIA, cragbHoli KoncTpykuuu, "C
tred, mm 350 400 450 500 550 600 650 700

1,5 H/1T H/J1 H/11 H/TT H/1 26 26 23
1,6 n/n H/11 H/1 H/I H/1 26 26 23
LF H/IT H/ ] H/ T H/IT H/IT 26 26 23
1,8 H/IT H/TT H/1 H/IT 26 26 26 23
1,9 H/IT H/1 H/11 H/1T 26 26 23 23
2 H/I H/1 H/1 H/I 26 26 23 23
o | H/I H/L H/11 H/I 26 26 23 23
2.2 H/11 H/11 H/]1 H/1 26 26 23 23
2,3 n/m H/1 H/11 H/ 1T 26 26 23 23
2.4 H/JT H/J H/]1 H/I1 26 26 23 23
2.5 H/11 u/n H/n H/n 26 26 23 23
2.6 H/1 H/1 H/n H/n 26 26 23 23
20 H/IT H/NT H/ 1 H/T 26 26 23 23
2.8 H/n a/n H/n H/n 26 26 23 23
20 H/II H/A H/]11 H/1 26 26 23 23
3 H/1 H/1T H/]1 H/ 26 26 23 23
3.1 H/1 H/1 H/A H/IL 26 26 23 23
*2 H/11 H/]1 H/ 11 H/I 26 26 23 23
3.3 H/n H/1 H/1 H/1 26 26 23 23
34 H/IT H/] H/1 H/1 26 26 23 23
3,5 H/1 H/n H/n H/1T 26 26 23 23
3,6 H/1 H/a H/a u/n 26 26 23 23
3,7 H/n H/n H/N H/1 26 26 23 23
3,8 H/ H/1 H/1 H/IT 26 26 23 23
39 H/1 H/1 H/11 H/1 26 26 23 23
4 H/I H/I H/7 H/1 26 26 23 23
4.1 H/n H/n H/1 H/1 26 26 23 23
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[MpuBenennas Tpebyemast TOJAIMHA NOKPBITHS, MM, IPH KPHTHYECKOH TeMIeparype
TOJIMHA METAJLIA, cTaasHoil Konerpykumn, "C
tred, mm 350 400 450 500 550 600 650 700

4.2 H/I H/n H/ 11 H/I 26 26 23 23
43 H/1T H/ H/N H/11 26 26 23 23
4.4 n/n \/n H/n H/ 26 26 23 23
4.5 H/11 H/NT H/1 H/1 26 26 23 20
4.6 H/I A/ H/N1 H/I 26 26 23 20
4,7 H/n 0/ /1 H/n 26 23 23 20
4.8 H/II H/I H/1 H/1T 26 23 23 20
4.9 H/n v/1 H/1 H/n 26 23 23 20

5 H/11 H/A H/A H/ 11 26 23 23 20
5.1 H/1 0/ H/1 H/1 26 23 23 20
5,2 H/1 H/1 H/N H/n 26 23 23 20
3,3 H/ 1L H/]1 H/ 11 H/ 11 26 23 23 20
5,4 H/I H/1 H/N H/1 26 23 23 20
3,5 H/I H/1 H/n H/1L 26 23 23 20
5,6 H/IT H/N H/11 H/T 26 23 23 20
27 H/I H/1 H/1 H/1 26 23 23 20
5,8 H/ 1 /1 H/1 H/1 26 23 23 20
5,9 H/n H/11 H/n H/IT 26 23 23 20

6 H/I H/J H/J H/1L 26 23 23 20
6,1 H/IT H/1 H/ 11 H/1T 26 23 23 20
6,2 H/n H/ u/n u/n 26 23 20 20
6,3 H/n /I H/N1 H/1 26 23 20 20
6.4 H/IT H/1I H/1 H/IT 26 23 20 18
6,5 H/I H/I H/N u/n 26 23 20 18
6,6 H/T H/1 H/1 H/IT 26 23 20 18
6,7 H/1L u/n H/1 H/I 26 23 20 18
6,8 H/II H/11 H/11 H/11 26 23 20 18
6.9 H/n H/n H/1 H/n 26 23 20 18

7} H/IT H/1 H/11 H/I 26 23 20 18
7,1 H/n H/n H/n H/ 26 23 20 18
7.2 H/1 H/1L H/1 H/1 26 23 20 18
7,3 H/n H/T H/N1 H/I 26 23 20 18
7.4 B/ H/1 H/N H/IT 26 23 20 18
7.5 H/11 H/11 H/]1 H/I 26 23 20 18
7,6 /I H/T H/7 H/I 26 23 20 18
7.7 H/n H/n H/1 H/1 26 23 20 18
7.8 H/I H/I H/A H/1 26 23 20 18
7.9 H/n H/n H/n 26 23 23 20 16

8 H/I H/A H/1 26 23 23 18 16
8,1 H/1 H/1 H/N 26 23 23 18 16
8,2 H/n H/1 H/n 26 23 23 18 16
8,3 H/n H/ H/N 26 23 20 18 16
8,4 H/IT H/1 H/N 26 23 20 18 16
8.5 H/11 H/11 H/1 26 23 20 18 16
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[IpuBenennasn Tpebyemast TOJAIMHA OKPBITHS, MM, IPH KPUTHYECKOH TeMneparype
TOJIHHA MeTAJL/1a, cTaasHoil Konerpykumn, "C

tred, mm 350 400 450 500 550 600 650 700

8,6 H/1 H/7 H/J1 26 23 20 18 16

8,7 H/IT H/11 H/]1 26 23 20 18 16

8.8 H/]1 H/]I H/71 26 23 20 18 16

8.9 H/11 H/]L H/]1 26 23 20 18 16

) H/TT H/N H/N 26 23 20 18 16

9.1 H/n 0/ /1 26 23 20 18 16

9,2 H/I H/1 H/1 26 23 20 18 16

9,3 H/1 H/2 H/21 26 23 20 18 16

9,4 H/ 1 H/1 H/]1 26 23 20 18 16

IIpumeuanne: 1. u/1 — npuMmenenne cucreMsl «ET IIpoguab» He nonyckaercs;
2. npuseieHHas TtoamuHa MBOP @ sBasiercs MHHEMAJLHO-PACYETHOH, NPH

pa3padoTKe pelleHHH M0 NOBBIMIEHHIO OrHECTOMKOCTH KOHCTPYKUMII He00X0AHMO NPHMEHSATH
HOMEHKJIATYPY TOJIIHH MPOU3BOTHTEIS.
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