OrHeCTomKoOCTb CTPOUTEJIbHbIX
KOHCTPYKLIMMN

npodeccop Penopos Bukrop Cepreesny



B Poccuiickoin denepaunm 3a oaMH rog B cpeaHeM npoucxoamt 250 TbiC. MoXapos,
YHUUTOXaeTcs LeHHocTen Ha 44 mapa. pyb., nornbaet cbiwe 18 ThiC. YeNOBEK U
ellé 6onbluee KOMMYECTBO NI0AEN NONyYaloT TPaBMbl.



[Toxap B 3gaHuu BCGVMI/IpHOI'O TOProBOro LieHTpa
B Hbto-Mopke (2001 r.)

Mpu NnpoekTupoBaHun 6bia NpoBeAEéH pacyEéT Ha
MPOYHOCTb OT yaapa camonéta (bomnHr-707, sec 150 7).

Kaxkaas 6awHa Bbigep>kana yaap camonérta bouHr-767,
KOTopbIin Becun npuMmepHo Ha 30 T 6onbLue.

Moxap Havancsa oT pas3snBa Tonsmea n3 6aKos
CaMONEToB, KOTOpble 6bin 3anonHeHbl Ha 70 %.

TemnepaTtypa 1000...1200°C Bbi3Bana bbICTpbIN HArpes
CTaNlbHbIX 3/IEMEHTOB KapKaca Ha 3TaXxe, MNOoTepr UMK
HecyLlen cnoCobHOCTN 1 B pesynbTaTe -
naBunHoob6pa3Hoe pa3pylweHune baweH (COOTBETCTBEHHO
yepe3 103 n 62 MUHYTHI Nocne yaapa).




[Toxap v ero onacHble hakTopb!

Mo>xap - HEKOHTPOJSIMpYEMOE ropeHune, npmueogsLlee K
yiepby.
Ha pa3BuTMe noxapa BAUKAIOT cnepyrowme pakTopbl:

e noxapHas (TennoBas) Harpy3ska, To ecTb obulee
KOJIMYEeCTBO CropaeMbiX MaTepmasnioB B NOMELLEHNN;

e BO34yX006MeH (nsowaab NoMeweHus, naowaab u
KOJIMYeCcTBO NMPOEMOB);

e rpupoaa MaTepuana orpa)xzarwmx n HecyLmx
KOHCTPYKUWMA.

OnacHble paKTOopbl NoXKapa:
e BblCcOKas TeMnepaTtypa (Ao 1000-1500 °C);
e 3aabIM/IEHUE;

* M3MEHeHWe cocTaBa ra3oBon cpeabl.



[lonroBe4YHOCTL 1 OrHECTOMKOCTb KOHCTPYKLMM

AdonroBe4yHOCTb — CMOCOO6HOCTb KOHCTPYKLUN

COXPaHATb 3KCMAyaTaUMOHHbIE PYHKLUN B

A)
TeUeHne 3a4aHHOro CpoKa Cry>6bl.

OrHeCcTomKOCTb — CMOCO6HOCTb KOHCTPYKLMUWN MpU
noXape COXPaHATb Hecylune u (unu) orpaxgaroLime
dYyHKUMKM Npu noxape.

OBt u3noc, %

XapakTtepHa 0bLLHOCTb PU3NYECKNX NPOLIECCOB YTPaThI
3KCMNyaTaLWOHHbIX Ka4ecTB KOHCTPYKUMsiMU. OCHOBHOM
dakTop noxxapa — BbiCOKasi TemnepaTypa
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A — u3HoC: 1 — ob6bI4HbIe ycnoBus; 2 — NosHaga yTpaTa
BO3MOXHOCTU 3KCnyaTauun; 3 — To Xe, YaCTUYHas.
B - ponroBeyHocTb: I — B 06bI4YHbIX YycnoBusax; II-IV -
npu noxape;

B — yTpaTta npo4HOCTM: 1’ — B 06bIYHbIX YCNOBUSX;
2’-3" - npun noxape.
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TemnepatypHble peXxuMbl NOXapoB

1400 - 1 }
1 - cTaHgapTHOE orHeBoe BO3AENCTBUE Mpu
onpeaeneHnn npeaena orHecTomKoCcTm
KOHCTPYKLNI; 1200
2 — pexuMm noxkapa B TOHHensx;
3 — pexum noXkapa B 34aHUAX U COOPYXEHUSAX
HedTenepepabaTbiBatoLle NPOMbILWIEHHOCTH;
4 — peXXuM rnoxapa B noABasibHOM MOMeELEHUN;
5 — pexuM noxapa B XWIOM MOMELLEHNN C Pa3/IMHHOMN
nnowaabo npoémos (5a) - 2 M?%; (56) - 1,5 mM?;
(58) - 1,0 M2.
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CTaHAaQpTHbIA TEMNEPATYPHbIN PEXUM
TEeNJIOBOro BO34eMCTBUA Ha KOHCTPYKLUMUIO

400
T'=3451g (8¢t+ 1)+ 20;
T — temneparypa, °C; ¢ — BpeMsi, MHH. 200 1
0
0 05 10 15 20 25
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«KEcTkoe» n «rnbkoe» nNpoTUBOMNOXKaPHOE
HOPMUPOBAHWE

«)KEcTKkoe>» HOpMUpPOBaHUE

e [lpeaen OrHeCTOMKOCTU KOHCTPYKUMM onpeaensieTcs ToNbKo No pexunmy
CTaHOApTHOro BO3AENCTBUS, YTO He NO3BOJISIET ONTUMU3NPOBATL
COOTHOLIEHNE MeXAay CTEMEHbIO 3allnTbl U YPOBHEM 3aTpaT Ha 3aWuTy;

«I'mbkoe>» HopMmupoBaHue (06BHLEKTHO-OPUEHTUPOBAHHOE)

e [lpenen OrHeCTOMKOCTU ONpeaenseTcs UCXO0As U3 peasibHOro pexuMma noxapa,
C YYETOM (PM3MKO-XMMUYECKUX U MOXAPOOMNACHbIX CBOMCTB MaTepManos, a
TaKXe KOHCTPYKTUBHbIX U 06 bEMHO-MNNAHNUPOBOYHbIX PELUEHUI 3AaHUS;
TpeboBaHNSA OrHECTOMKOCTM COOTBETCTBYIOT peanbHbiM YC0BUSAM paboTbl
KOHCTPYKLMIW B KOHKPETHOM 3[aHUN;

e YYéT ocobeHHOCTEN BO3AENCTBMS peasibHOro noxapa rno3sondeT
NPOEKTMPOBaTb KOHCTPYKLMWN C 3aJaHHbIM ypoBHEM 6e30MacHOCTM Npu
noXxape v 3a4aHHON CTeNeHbl COXPAHHOCTU 3KCMyaTaUMOHHbIX KayecTB
(>kMByYecTn) nocsie noxapa, oNTUMU3MPOBaTb 3aTpaTbl HA obecneyeHne
TpebyeMon OrHeCTOMKOCTM, @ B HEKOTOPbIX Clly4YassX — NOBbICUTb YPOBEHb
no>xapHon 6e3o0nacHoOCTH.



TemnepatypHble peXxuMbl NOXapoB

S;>S2>S3>S4

OnpeaneneHne 3KBUBAJIEHTHOM
NPOAOJ/HKUTEIbLHOCTU NOXapa Nno norepe
HecyLierM CNOCOGHOCTU KOHCTPYKLIMKN

Hecyuwas criocobHocms

i
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S, — CEYEHUSI KOHCTPYKLNIA C 3a[laHHbIM
NPOLEHTOM apMUPOBAHUSA

N, - HOpMaTMBHas Harpyska;

N, - Ha4anbHoe 3HauYeHne HecyLlen
cnocobHocTun;

Om+ocumensHas ocmamoyHas
Hecywasn cnocobrHocmb Ng /Ny

N, - Hecywas cnocobHoCTb Npu TEMNOBOM

Ss Sk S3 S, Sy
lnowade nonepeyHoz0 ceveHus
(C 3adaHHbIM MPOUEHMOM apMUPOBaHUSI)

BO34ENCTBUMN.



[lepexon OT «peanbHOro» noxapa k cTaHaapTHOMY

CTaHAapTHOe TeMnepaTypHoe BO3AencTBme

A \ //’M

Tmax 1

Tmax2

Tmax3

Temnepamypa T
MakcumansHas memnepamypa T

Bpems t Tonwuna 3awumuozo cros 8

1, 2, 3 — KpuBble Nporpesa 3alMTHbIX C/NOEB,
COOTBETCTBEHHO TONWMHOM O, ;0,; O5; t - Bpems
nporpesa CNOéB A0 MaKCUManbHbIX Temnepatyp T

max



CTeneHb OrHECTOMKOCTM 30aHUS

CTeneHb OrHEeCTOMKOCTMU 3aHuUSA

e cornacHo CHull 21-01-97* onpepenseTcs
nokasaTensiMm OrHECTOMKOCTU U MOXXAapHOM ONAaCHOCTU
KOHCTPYKUWNA;

3Aaecb 3aJ7100KeHO NpoTuBopeumne B onpeaeneHnm
CTeneHn OrHeCTOMKOCTU AN NPOEKTUPOBAaHUSA, TaK Kak
€é HOpMUpOBaHME B 3aBUCUMOCTU OT NOXKapHO-
TeXHUUYECKUX XapaKTepPUCTUK 3AaHNA ABNSAETCA
nepBUYHbIM OTHOCUTEJIbHO NpeaesioB OrHECTOMKOCTU U
KJIaCCOB NMO>XXapHOW ONAaCHOCTU KOHCTPYKLUMUMN.

e cornacHo craHaapty NCO 383-87 HopMunpyeMas cTeneHb
OFHECTOMKOCTM 34aHNA YCTaHaB/IMBAETCS B 3aBMCUMOCTHU
OT Ha3Ha4YeHWUd, KoaM4yecTBa aTaxeun, niaowaam
NOXapHbIX OTCEKOB, TEMJIOBOMN HArpy3kum u T.4.



[Tpeenbl OrHECTOMKOCTM KOHCTPYKLM

Tabnuya 4* CHull 21-01-97*

IIpenes OrHECTOMKOCTH CTPOUTEIIBHBIX KOHCTPYKIUH, HE MEHEE

CreneHnn Hecymme Hapy>xubie IlepexppiTus DneMeHTbl OecuepaayHbIX JlecTHUYHBIE KIETKN
OTHECTOMKOCTH | 3JIEMEHTHI HEHeCyIue MEXyITaKHbIE MOKPBITUI
3aHUS 31aHMS CTEHBI
(B TOM uncne Hacruuns! (B depmsl, BnyrtpeHnnue Mapmu u
yepJayHble U TOM YHCJIE C Oanku, CTEHBI IUIOIIAIKH
HaJ No/iBajaMH) | YTEIJIUTENIEM) IIPOTOHBI JIECTHMII
I R 120 E 30 REI 60 RE 30 R 30 REI 120 R 60
II R 45 E 15 REI 45 RE 15 R 15 REI 90 R 60
I R 45 E 15 REI 45 RE 15 R 15 REI 60 R 45
v R 15 E 15 REI 15 RE 15 R 15 REI 45 R 15
\Y HE HOPMUpYETC




Knacc noxapHou onacHOCTM KOHCTPYKLM

Tabnuuya 5* CHull 21-01-97*

Kiacc HO}I(apHOﬁ OITACHOCTH CTPOUTCIIBHBIX KOHCTpYKHHﬁ, HC HMUXKC

Kitacc Hecymue CreHnbl Crensl, neperopoy | CTeHbI J€CTHUY Mapmm u
KOHCTPYKTUBHOM CTEP’KHEBbBIE HapyXHBIE C | KU, IEPEKPHITUS U HBIX KJIETOK U IUIOLIAAKA
HO’KapHOU AJIEMEHTBI BHEILIHEN OecuepaayHbIe IIPOTHUBOIOKAPHBI JIECTHULL B
OMACHOCTH (KOJIOHHBHI, CTOpPOHBI HNOKPBITHS € mperpaibl JE€CTHUYHBIX
3AHUS purenu, Gepmbl KJIETKax
v Jap.)
CoO KO0 KO KO KO KO
Cl K1 K2 K1 KO KO
C2 K3 K3 K2 K1 K1
C3 He Hopmupyercs K1 K3

NMpwn ycTaHOBNEHMM KJ1acca NOXKapHOW ONAaCHOCTU YYUTbIBAIOTCA :
e Hanuume TennoBoro addekTa OT ropeHus;

* Halnm4me niaMeHHoOro ropeHmd ra3sos,

e pa3Mepbl U XapaKTep MNOBpPEXAEHUN;
*  XapaKTepWUCTMKM NOXXaPHOM ONACHOCTU MaTepuasioB, COCTaBASAOWMX KOHCTPYKLMIO.




OrHecToMKOCTb Xene300eTOHHbIX KOHCTPYKLIMM

Cneapyert pasnnyaTtb NOHATUA:

notepsa orHectomkoctn CK- notepst cnocobHOCTU
KOHCTPYKLUWUN COXPaHATb CBOM (DYHKLUKN NpU Noxape.
OnpepensieTcs BpeMeHeM OT Ha4vasna OrHeBoro
BO34ENCTBUSA «peaslbHOro» rnoxXapa A0 MOMeHTa noTepu
OrHEeCTOMKOCTU;

npeaen orHectomkoctn CK oT Hayana orHeBoro
CTaHAAPTHOro BO34ENCTBUS A0 BO3ZHUKHOBEHMUS
npenesibHoro COCTOAHMA — HopMaTUBHasS BeIMYMHA.

OcHoBHble (paKTOpbl, onpeaenaowme
OrHEeCTOMKOCTb XeNe306eTOHHbIX KOHCTPYKLUMA:

e Bua 6eToHa N ero GU3nKo-MmexaHm4yeckue
XapaKTePUCTUKK, BKOUASA BNAXHOCTb;

e ¢opMa 1 pa3Mepbl 3/IEMEHTOB;
e CTaTM4YecKasi CxeMma;

e YC/IOBUS Harpesa M TensioBasi Harpy3ka.
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AHanuTyeckas annpokcumaLms TemnepartypHbIX
3aBWCUMOCTEi OCHOBHbIX MApaMeTPoB Anarpamm
TEPMOMEXaAHNYECKOro COCTOSHNSA DETOHA

KoappUumMeHT CHMXEHUS NMPOYHOCTN BeToHa npu
Harpese:

KoadppunumMeHT CHMXEHMS HavabHOro Moayns
aAedopmaunimm 6eTtoHa npu Harpese:

rne tb’l. — TeMIIepaTypa HarpeBa OeToHa; {, — HauajbHas

temneparypa (¢, = 20°C); v, B, m, n — OUBITHbIC TAPAMETPBI;

1000 — pa3mepHbIi KO3PPUITUEHT.
TemnepaTypHble gedopmaumm 6eToHa:

roe a, p, Sa — OIIBITHBIC ITapPaMCTPHI.

(tem) _
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[lnarpamma TepMOMEXaHNYECKOrO COCTOSIHUS
DbeToHa

Ha rPaHUTHOM 3aMoNHUTENE)

1/

16 20 200 Jbo
AvnarpamMmbl 14 Lt focall
nedopMmupoBaHusa 6eToHa / / // .
Npy passINYHbIX 02 I /7 =
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TeMnepaTtypax Harpesa, =10 — N e
NOCTPOEHHbIE MO S g /1 A .
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(6eToH TaXEénbIn knacca B20 g A //// L e 900
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Aedopmauun, %

MpeanaraeMoe Bbipa>keHue no3sonsier
v Vcnonb3oBaTb B pacyéTe HenocpeacTBEHHO KO3 PUUMEHTbI CEKYLLEro MoAY NS ;
v OnucbiBaTb €4MHON 3aBUCMMOCTbIO BOCXOASILLYO U HUCXOAALLYIO BETBb;

v YuuTbiBaTb M3MEHEHWE XapaKTepa HENMHENHOCTM AMarpamMm npu ux TpaHcopmaunm 6es
NPUMEHEHUS AOMOSTHUTENbHbIX OMbITHbIX KO3 PULMEHTOB.

32 34



OyHKLUMOHANbHbIE 3aBUCUMOCTM AJ151 ONUCAHNA Anarpamm
nedopmupoBaHns OETOHa

YpaBHeHME CBSA3M Mexay HanpsixeHnamm n gedopmaumnsamm 6eToHa:

OyHKUMOHaNbHaa 3aBUCUMOCTb ANA KO3¢)d)VILI,MeHTa cekyLllero

mMoaynsa

YpoBeHb aedopMauni:

MapaMeTp HeNMHENHOCTU AnarpamMbl k OMpeAensieTcs U3 ycrosus,
YyTO B BEPLUMHE AnarpaMmMbl KO3IDPULMNEHT CceKyLLero Moays paBeH

CBOEMY MpeaesibHOMY 3HaYeHUHO:

MokasaTtesib m ONpeAensieTcs U3 ycroBUs, YTO Yrosl HaKoHa
KacaTeNbHOW B BepLUMHE AMarpaMMbl paBeH HYJ0:

Toraa BblpaXkeHue Ana Ko duLMeHTa CeKyLwero Moayns:

MakcuManbHbIM YpoBeHb AedopMaunii:

npu M, <ner:
npu M, =N

Mpn ogHOpOAHOM

HaNPAXXEHHOM COCTOSIHUMW:

Mpn HeogHOPOAHOM

HaNPAXXEHHOM COCTOSIHUMW:

Cpsi =€pyi Epyi Vo

Voi = exp[—k, (ngﬁyn]

€, ..
_ “b,i
ns,ti -

bu,ti

_ 1
kti
[kii
Voi = exp[—k, (Tlg,n-)l |
Vi = 0

ngmax) — 1,0
Tlfc’max) _ 1,8



OrHecToMKOCTb Xene300eTOHHbIX KOHCTPYKLIMM

MMpeaen oFHECTOMKOCTN U3rnbaemMbixX U |y T Tomg X
AN
BHELIEHTPEHHO CXaTbIX Xene306eToHHbIX W "
A A 6
KOHCTPYKLUUWW NO Hecyuwen crnocobHoCTH = e
T6)

onpeaensieTcss HarpesoM pabouen

pPacTAHYTOW apMaTypbl 40 KPUTUYECKON /T")//\
T (x=d):

TeMnepaTypbl. . _ T
Tx=37) T(x=0)

Kputnuueckasa reMmnepartypa - 3710 g Ta=d;)

TemnepaTypa, npm KOTopomn eé . Te=hyt) > Tc=h)

COMPOTUBNEHNE CHU3UTCA A0 BENUYUHBI Te=h) ——
y y Tox=hs)
HaMpPS>XEHWUI OT BHELLHEN HArpy3Ku.

=, (R) Te1,(L)

8 Bpeaex poaaedicrars ¥
=
]
§§°("'°X Heoymas cnooofB00Ts. B OGANINLIX YCHOBENX
2E L)
g
g %
HTE)] < MY
A - pacuéTHas cxema; gé
b - peweHune TEnJI0TEXHNYECKON 3aauu, EE’ZE
3R )

B - peweHue cTtaTu4yeckomn 3agaumn.



BrnnsiHne pasmepoB anemeHTa 1 Buaa beToHa

XapakTepuctuka
KOHCTPYKLMNM

Pasmepbl, cm

n3 TAXEénoro 6eToHa

n3 nérkoro 6eTtoHa
(1200 kr/m3)

Mpeaen
OFHECTOMKOCTM, MUH

MAnTel, ONEpTbie Mo a=15 a=10 R30
ABYM CTOpOHaM npu a=35 a =30 R90
TOMLLMHE 3aLWMUTHOrO a =60 a=50 R150
cnog a a=70 a=>55 R180
KOMOHHbI WHpUHOW b 1 b=150; a=10 b=150; a=10 R30
TONLLMHOM 3aWNTHOrO b = 240; a = 35 b=190; a = 35 R90
CJJOH a npu b = 400; a = 50 b =320; a = 40 R150
BO34ENCTBUM OTHS CO b = 450: a = 50 b = 360: a = 40 R180

BCEX CTOPOH

[Ons HecyLwmX KOHCTPYKUMI BbICOTHbLIX 34aHUNA yCTAaHOBNEH npeaen
orHectonkoctn R240 (4 vaca)




OrHeCTOMKOCTb ene300€TOHHbIX KOHCTPYKLNI




OrHecToMKOCTb Xene300eTOHHbIX KOHCTPYKLIMM

NMonepeyHbi pa3pe3 NJNTbl NepeKpbITUSA

re— [ J - 3 [ [
F- 2 s 2
_______._.__/ \_.f__a‘._.\_f______f__.\ _____
50-60 MM / \
ceTka 2 3-5 Mm OCHOBHAA ceTKa

15-20 MM and npenoxpaHeHnsa oT obpasoBaHna U
pPa3BUTUA HadalibHbIX TPELWMWH NMPpU U3roTOBIEHUN;

25-40 MM (NpOTUBOOTKOJIbHAsA CeTKa).

310 TpebyeT cneumanbHbIX UCC/IeA0BAaHUN NO
BeJINUNHE PaCrnoJIOXKEHUA CEeTKM.



OrHecTonKoCTb CTaTUYECKN HEOMPEAENUMBbIX

ene300ETOHHbIX KOHCTPYKLINK

lMpenen OrHECTOMKOCTU CTaTU4eCcKu HeonpeaeInMbiX
KOHCTpYKLl,MVI BblllE, YHEM Y CTATUYHECKWN ONpeEANENNMDbIX.

OTHowWweHWe nnowaan apMaTtypbl Hag | YBenudeHue npeaena orHeCcTomKoCcTm
onopon K naowaan apMmaTypbl B n3rmnbaemoro crtaTmyecku
nposiérte Heonpeaenumoro anemeHnTta, %, no
CpaBHEHUIO C npeaenom
OrHEeCTOMKOCTUN CTaTU4ecKun

onpenennMoro afieMeHTa
0,25 10
0,5 25
1 50
2 150

[Mpn TennoBOM BO3AENCTBUN U3MEHSIOTCS XKECTKOCTHbIE

XapaKTEPUCTUKN CEUEHWNIA SNIEMEHTOB, YTO MPUBOAUT K
nepepacnpeaeneHunio YCUanm oT Harpysku



VicxoaHble rmnoTesb! 1 OCHOBHbIE COOTHOLLEHWS]
nedopmaLoHHON Moden TEPMOCKIIOBOrO CONPOTMBIEHNS
HOPMarbHbIX CEYEHUI Xene300eTOHHbIX ANEMEHTOB

O6wme rmnoresbl

OCHOBHbIE
COOTHOLLIEeHuA:

el | LU A= ol A

Cneuundunuyeckasn k

T L
DNeMeHT MOXeT UCMbITbIBaTb pacTsaXXeHue
(nnun cxaTtue) oT AENCTBMSA NMPOAOSIbHOM
_ | cunbl N  n3rnb ot aencrems momeHta M. Ha
Cratuieckue " | Bcex cTaamsix paboTbl SN1EMEHT HAXOAUTCS B
L ¥ ] L
COCTOSIHUM paBHOBECUS.
Tw
B kauecTBe 3akoHa, onpeaenstowero COBMeCTHOCTb
Feomerpuyeckme — jedhopmaLnii KOMNOHEHTOB CEUYEHUS, UCMOMb3YEM
v - —— rmnoTesy MJI0CKNUX CeYeHUMN.
CBsA3b MexAay HanpsihkeHnsamm n gecdopmaunsammn ans
dusunyeckme >

Ka>4oro KOMMOHEHTa CeYEHNS OCTAaETCa TakoMh Xe,
KaK 1 Npu CTaHAAPTHbIX UCNbITAHUAX 3TaNIOHHbIX
obpa3uos.

rmnoTe3sa

L ' v Ll T

Y

MonHbie ,D,erOpMaLI,VIVI KOMIMNOHEHTOB Ce4YeHns,
ornpeaendeMsblie rMnoTe3on NJIOCKUX CeYeHUn,

paBHbl CyMME CUJTIOBbLIX U TEMMNEPATYPHbIX

,u,ecbopMau,Mﬁ, KOTOpble CHUTAKOTCA HE3ABUCUMBIMA.
m

N = ZGb,tiAb,i + Zos,tj‘As,J
1

J

M = Z Gb,tiyb,iAb,i + Z Os,4Vs,j As,/
i J

(tot) _
8b ti

(tot) _
€syi = &t + A Vs,

=& At Vb

Opsi = Sb,tiEb,tiVb,ti
=& t]ESVs t
(tot) _ (tem)
8btl _gbll +8btl
(tot) _ (tem)
€gy =&y tEsy



PaspeLuatolasi cuctema ypaBHeHUI AN onpeaeneHns
HanPsKEHHO-AePOPMUPOBAHHOMO COCTOSIHIS HEPaBHOMEPHO
HarpeToro *ene3obeToOHHOro aneMeHTa

Pa3peluatowasa cmcteMa ypaBHEHUN:

B 6onee KkoMnakTHOM BuAe:

roe
{F} — BEKTOp BHELIHUX CUI;
[D] - maTpumua XECTKOCTU 3/1IEMEHTA;

{u} - BexkTOp 0606WEHHBIX AedopMaumi
3NeMeHTa:

g — JIMHelHas fedopmauus,
X, = Yrnosas fedopmauus;
{B} - BeKTOp TeMnepaTypHbIX yCUIUNA.

OceBas Bt N N3rnbHas Dt XECTKOCTM
3/IeMeHTa onpeaensTcs Kak OTHOWeHne
AENCTBYIOLWLEro yCuams K COOTBETCTBYHOLWNM
CWUNOBbLIM aedopMaumnsaM:

ul o o lan)
M Dy Dy |\ Xs By,
Uy =[D]-{u; —{Bj}
Dy = ;Eb,tivb,tiAb,i +§ B4
Dy =Dy = zl_:Eb,tiVb,tiAb,iyb,i +%: 1BV 5 Al 33 4

— 2 A
D22 - Z Eb,tivb,tiAb,iyb,i +Z Esvs,tjAs,jys,ja
i J

_ (tem) (tem) .
By = ZEb,tiVb,tiAb,be,t; +) BNl Bt s
i J

(tem)

_ (tem)
By = ZEb,tiVb,tiAb,iyb,iSb,ﬁ +Z Esvs,tjAs,jys,jSS,tj :
i J



ANropuTM pac4eTHOW OLEHKN OTHECTOUKOCTY
ene300eTOHHbIX KOHCTPYKLIUK

Baok «Onpenenenue HAC HOpMAaTbHBIX cedeHHID)
Baok «McxoqHble JaHHbIE» _ Omnpenenenue nedopmariiii sIeMeHTa 1 yTOYHeHNE KO3 GHUIIHEHTOB
— CEeKyIIero MOIyJisi 0ETOHA M apMaTyphl
4 JIuCKpeTHBIE TeOMETPUICCKHE Y Y | pMaTyp
XapaKTEePUCTHKU CEYCHUS Her - Ha
4 HavanbHble XapakTEpHCTHKH U Kpurepuii cXomuMOCTH BBITIOIHIETCS
TeMIlepaTypHbIe IMapaMeTpsl OeTOHA 1 Her l Na
apMarypbl Pemenne o npekpallieHuu HTEPAMOHHOIO MpoLecca
4  Baytpennune ycwus (M, N) v
4 HMHrepBan MEKy HCCIIELyeMbIMU Pacuér HanpsxeHuit B ceueHun,
MOMCHTAMH BPEMEHH Harpesa (At) ofpeJesieHNe KECTKOCTHBIX XapaKTepUCTUK HIEMEHTOB
Mowment Bpemern T = At ' B0k «YTouHeHHEe BHYTPEHHUX YCHIIHI
e ——— 4
v Crarnueckuii pac4ér KOHCTPYKIUH € Y4ETOM (PaKTUIECKUX
Buiok «PacuéT TeMIepaTypHbIX moJei» ESCINTGINEIIR 2 TR SIS PGS
4  Ternopu3nIecKuil pacuéT cedeHUs Her - | Ha
METOZIAMH TeXHHUECKOH TeopHH Kputepuii cXoqUMOCTH BBINOTHAETCS
TEIJIONPOBOJHOCTH
l Baok «Ouenka nepemeiieHuin
Baok «CBoiicTBa 6eTOHA H apMaTypBhI IPH v
HArpeBe» OmnpezeneHne NepeMeleHHi XapaKTePHBIX TOYEK KOHCTPYKIHH
4 OrmpeneneHre 0OCHOBHBIX IIAPAMETPOB a Her ! Nla
JIMArPaMM TePMOMEXaHHUECKOTO [epemenieHus MPEBBILIAIOT MIPENEIBHO AOMYCTUMBIC
COCTOSIHUSI OETOHA U apMaTyphbl
Il MomeHT BpeMeH! [Ipenen oruecToNKOCTH KOHCTPYKIIUH
T=1T+At (t-A7)<t <t




OrHecToMKOCTb MeTanMYeCcKnX KOHCTPYKLINK

[Mpenen OrHeCTOMKOCTU HECYLLMX METaNIIMYECKNX KOHCTPYKLUUA 3aBUCUT OT BEIMYUNHDI
Tenno3awuTbl U OT NpUBEAEHHON TOMWMHbBI MeTanna 6np = A/U.

XapakTepuctuka Pasmepbl, cm Mpeaen
KOHCTPYKLNI OFHECTOWKOCTU, MUH
CranbHble 6ankun u t.,=05 R9
KOJIOHHbI 6e3 t., =15 R18
OorHe3alnTbl C —
.. . red 3,0 R27
npnBeaéHHOMN

TO/ILLMHOM MeTanna t g

CtanbHble 6anku a=1 R45
nepekpbITUA Npun a=2 R90O
orHesauimTte no ceTke a=3 R150
cnoem 6eToHa
TOJIWMHOMN a
MN3BeCTKOBO-LIEMEHTHAd WTyKaTypKa Tonw. 15 mMm
M'MncoBas wWTykKaTypka Tonw. 10 MM DKBMBaseHTHbl 10 MM

BepMUKYNUTOBas LITYKaTypKa v MUHEpPasibHOe BOMAOKHO ToAL,. 10 MM 3awnTHOro cnos 6etora



Jlekuum

CtpykTtypa Kypca « OrHeCTOMKOCTb CTPOUTENBHbIX
KOHCTPYKLIUN»

NMpakTnyeckune 3aHATUA

(28 yvacos)

Bnok 1 — OcHOBbI 06ecneyeHnss OrHECTOMKOCTY
CTPOUTESIbHBIX KOHCTPYKUWNA U 34aHWI

|

Bnok 2 — OCHOBbI PaCYETHOM OLIEHKM
OFHECTOMKOCTU KOHCTPYKLMA 1 3aaHUN

(14 yacos)

CaMmocrosaTenbHas
paboTa

(14 vacos)




Temartnyeckoe copepkaHue NeKLMOHHOro Kypca:
briok 1 — OcHoBbI 06ecneYeHnst OrHECTOMKOCTH
CTPOUTENbHbIX KOHCTPYKLMW 1 30aHUN

e [loHATME O MOXAapHOM ONACHOCTU U NoXXapHon 6e30NacHOCTN 34aHUN
e [locneacremsg BO34AENCTBUA NOXAPOB Ha 34aHUS

e TeMnepaTypHble pexXnMbl NOXapoB

e [loHATME 06 OrHEeCTOMKOCTU CTPOUTESIbHbIX KOHCTPYKUMA 1 30aHUN

e OrHecTomKOCTb CTPOUTENbHbLIX KOHCTPYKUUN Kak 6a30BbIN 2N1eMEeHT
NPOTUBOMNOXAPHOW 3aLUNTbl CTPOUTENbHbIX 06bEKTOB

e TexHuyeckne, SKOHOMUYECKNE N CoLMaNbHO-NMCUXON0OMrMUYECKNE acrneKTbl
npobnemMbl ob6ecneyeHnss OrHeCTOMKOCTU CTPOUTESNIbHbIX KOHCTPYKLMI

e DKCrepuMeHTanbHas U pacyéTHas oLueHKa OrHEeCTOMKOCTU KOHCTPYKLMIA
o (dakTopbl, ONpeAensoLlmne NoBeAeHNE CTPOUTENbHbIX KOHCTPYKLMA NpU Noxape

e DKCNepuMeHTasbHble AaHHble 06 OFHECTOMKOCTU Xene30b6eTOHHbIX, KAMEHHbIX,
MeTanIM4yecKknux n AepeBsHHbIX KOHCTPYKLUM

® BnnsHmne coeMecTHOM paGOTbI KOHCTpYKLl,VIVI B COCTaBe HeCYLIJ,eﬁ CUCTEMbI 34aHNA
Ha UX OFHECTOWKOCTb



Temartnyeckoe copepkaHue NeKLMOHHOro Kypca:
briok 2 — OCHOBbI PaC4ETHOW OLIEHKN OrHECTOMKOCTY
KOHCTPYKLMIA 1 30aHWN

TennoTexHM4Yeckas n ctaTmyeckas 3a4aym pacyéTa OrHeCTOMKOCTU
OcHOBbI pacyéTa TeMNepaTypHOro pexmma no)apa B noMeLleHnm
OcCHOBBbI pacyéTta TeMNepaTypHbIX NOJSIEN B CEYEHUAX KOHCTPYKLMIN Npu noxape

BnnsaHune BbICOKOW TeMnepaTypbl Ha GU3MKO-MexaHUYeckme CBOMCTBa 6eTOoHa,
CTPOUTENBHOW CTann U APEBECUHDbI

CTaTUUYECKUA U KUHETUUYECKUN NOAXOAbl K OLEHKE BIUSHUSA BbICOKOM
TeMnepaTypbl NPOYHOCTHbIE U AedopMaTUBHbIE CBOMCTBA MaTepMUasnios

OCHOBbI pacuyéTa OrHeCTOMKOCTU XKene306eTOHHbIX, METANNTUYECKUX U
AepeBSAHHbIX KOHCTPYKLNA

PacuyéTHas oueHKa OrHECTOMKOCTU NPOEKTUPYEMbIX 34aHUN

Ocob6eHHOCTM pacyYETHOM OLEHKM IKCMNAYyaTUPYEMbIX U PEKOHCTPYUPYEMbIX
30aHUN

OCHOBbI paCYETHOW OLEHKN COXPAaHHOCTU Xene306eTOHHbIX KOHCTPYKUMK nocne
noxapa



TemaTuka NpakTUYecKnx 3aHATUM

OnpeneneHne TpebyeMon cteneHn OrHeCTOMKOCTU 34aHUSa 1 TpebyeMbiX
npeaenoB OFHECTOMKOCTM OCHOBHbIX HECYLLUMX KOHCTPYKLUMMA - 2 U,

PacyéT TeMmnepaTypHbIX MOSEN B CEYEHUAX TUMOBbIX XXene306eTOHHbIX
KOHCTPYKUMA Npu noxape (TennotexHn4yeckasa 3agadva). OnpegeneHune
KPUTUYECKUX TeMnepaTyp Harpesa apMaTypbl. Pacyér TonwmHbl cnoa 6eToHa,
NPOrpeToro A0 KpUTUYECKOW TeMnepaTypbl - 2 4.

PacuéTHas oueHKa OrHeCTOMKOCTU ene306eTOHHbIX MANT U KOJIOHH Ha OCHOBE
NPOYHOCTHbIX N AedOpMaLMOHHbIX KpuTepues (CTaTudeckas 3agada). Metoa
KPUTUYECKUX TeMnepaTyp, MeToa NpUBEeAEHHOr0 CeYeHUs, MeTod KpUTUYECKMNX
Aedopmaunn, aMarpaMMHbIn Metoa — 6 u.

PacyéT OrHeCTOMKOCTU CTaNbHbIX N AepPEBSAHHbIX KOHCTPYKUUN — 4 4.

Bcero: 14 u.



[lepeyeHb Tem A5 CamoCTOSATESIbHON PaboThl

OLEHKa OFrHECTOMKOCTN CTPOUTESTbHbBIX KOHCTPYKLMI C YYETOM peasibHOro
pexvuMa BO3AeNCTBUS noxapa

MpenmyLecTea n nepcnekTnBbl 06BbEKTHO-OPUEHTUPOBAHHOW OLIEHKN
OFHECTOMKOCTMN KOHCTPYKLUMM U 34aHUN

MPUUYMHBI N 3aKOHOMEPHOCTU U3MEHEHUS HDU3NKO-MEXAHNUUYECKNX CBOMUCTB
MaTepuasioB Npu Harpese

KOHCTpYKTUBHbIE MEPONPUATUSA, CI'IOCO6CTBYI-OLU,VI€ NOBbILLIEHNIO OFHECTOMKOCTHU
CTPOUTENbHbIX KOHCTpYKLl,MVI

MpOoYHOCTb U Ae(POPMAaTUBHOCTb XeNne306eTOHHbIX KOHCTPYKLUNN, NOBPEXAEHHbIX
NoXXapoMm

MeToabl peweHus Ten0TeXHNMYeCcKomn 3a4a4m pacvyéta OrHeCTOMKOCTH
Kene306eTOHHbIX KOHCTPYKLUWM

MeToabl U cpeacTBa OrHe3alWwunTbl MeTalJIMYEeCKMX KOHCTpYKLI,VIVI



PekomeHOyemas nutepartypa

CHuIN 21-01-97*. MNoxapHaa 6e30NacHOCTb 34aHNIM N COOPYXEHMI. HOpMbl NpOeKTUpOBaHUS
/ Tocctpon Poccuun. — M.: T'YN uUnrn, 2001.

FOCT 30247-94. KOHCTpPYKUWN CTpOUTENbHbIE. MeToAbl NCMbITAHUI HA OFHECTONKOCTb. —
B3ameH CT C2B 1000-78; Been. 01.01.96.

MAC 21.2-2000. MeToanyeckme pekoMeHaauumn no pacyéTy OrHeCTOMKOCTU U
OFHECOXPAHHOCTM Xene306eToOHHbIX KOHCTPYKUKMK. BTopoe nsganue. — M.: I'YIN HAMXB, 2000.
- 92 c.

dénopos B.C. OcHoBbl 06ecrneyeHmns noxapHon 6e3onacHoOCTU 3aaHnin. — M.: 3a-so ACB,
2004. - 176 c.

PoTtMmaH B.M. VIHXeHepHble pelleHns No OLeHKEe OrHECTOMKOCTU NMPOEKTUPYEMbIX U
PEKOHCTPYMpYyeMbIX 3aaHun. — M.: Acc. «lMoxapHasa 6e3onacHOCTb M Hayka», 2001. - 382 c.

OrHecTonKoCTb CTpOUTENbHbIX KOHCTPYKUMn / N.J1. Mocankos, I'.®. MNntocHuHa, A.10. ®ponos -
M.: CneutexHuka, 2001.- 496c.

fAAkoBneB A.N. PacuyéTt orHeCToMKOCTM CTPOUTENbHbIX KOHCTpYKUun. — M.: Ctponnsgat, 1988.
- 143 c.

MunoBaHoB A.®. CTOMNKOCTb Xene3obeTOHHbIX KOHCTPYKUMI Npu noxape. — M.: Ctponusaar,
1998. - 304 c.









O pabote anccepTaunoHHbIX COBETOB

Bce nencreyrouwme aucceptaunmoHHble coBeThbl paboTtatoT Ao 15 Hosabpa 2007 r.
HoBas ceTb AuccepTauMOHHbIX COBETOB NPM3BaHa COKPATUTb UX KOJIMYECTBO.
NMpegnoyteHue oTaaétca 06beANMHEHHbIM COBETAM.

OCHOBHbIe OWIMB6KM N 3aMeYaHMA NOo aTTeCTauMOHHbIM Aienam,
HanpaBnsembiM B BAK:
Conep>xaHne paboTbl, Hay4Hass HOBM3HA HEe COOTBETCTBYIOT 3asB/IEHHOMN
cneunanbHOCTH;
3aKkn4yeHne aAnccepTaumMoHHbIX COBETOB HE COOTBETCTBYET TpeboBaHMAM
MonoxeHna BAK no npucy>xgeHunto y4€HOW CTeneHn AOKTopa HayKk;
OTCyTCTBME UM HEAOCTATOUYHOCTb NybanKauum B U3gaHnsaX, peKoOMeHA0BaHHbIX B

MepeuHe BAK;

HebpexHoCTb 0hOpMNIEHNS IOKYMEHTOB: HECOOTBETCTBME B KOMMIEKTAX; B
NOKYMEHTax Mo-pa3sHOMYy YKa3bIBalOTCA MeCcTo paboTbl, AO/IKHOCTb, HA/IMUME U
KOJIMYECTBO HAYUHbIX TPYAOB; pa3Hble OPMYIMPOBKN B HAYYHON HOBU3HE.



[loxap Ha 3aBoge asuratenen KAMAS (1993 r.)

[Moxap BO3HWUK B pe3ysibTaTe BO3ropaHus Ha
NOHU3UTESIbHON MNOACTAaHUMKU, BCTPOEHHOMN B KOPMYyC
3[0aHMNS 3aBoja ABUraTenen.

PacnpocTpaHeHne OrHsg Npoucxoanno no kabenbHomn
Tpacce, pacnosioXXeHHON B MexdepMeHHOM
NMPOCTpaHCTBe, U B TedeHne 15-20 MUHYT OrHéM
6blIN OXBayeHbl 3HAaYMUTENbHbIE NoWaamn
nokpbITUSA. MNMoXapHY0 Harpy3Ky cosaaBasno
ropeHme cUnoBbIX puaepoBs, coaepXalmx Takme
MaTtepuanbl, Kak pe3nHa, butym, Macno u
naacTtMaccy, a TakXe rnoJiMMepHoOro ytTenamrens u
BUTYMHOM MAaCTUKKM KPOBJSIN, KOTOpble
pacnnaBngasiCb, NPONUBANINCL C NOTONIKA B LEX.
OroHb pacnpocTpaHsancsa no noay Kopnyca u
rnonagan B TOHHeNW noasana, rae 6oinu
pacnosioXeHbl EMKOCTU € OTpaboTaHHbIM MaLWMHHBIM
Mac/i0M U OX/1aAUTENbHOWN XNUAKOCTbO 06WmnM
06bEMOM 0K010 2000 M3,

Moxap B HaA3eMHOM 4YacTn Koprnyca bbin
NMNKBUAUPOBaH B TeyeHue 15 yacos. [opeHue
MalUMHHbIX Macesl B NOA3EMHbIX TOHHENAX
nponomxanock no 19 anpeng.




TeMnepaTypHblil PeXUM «peanbHOro» noxapa

T - BpeMs Hadyana dasbl
3aTyXaHusa noxapa;

. wum
-
- -

\
L.

Y - KO3DPULMEHT yCnoBum
noxapa;

T{7)=yT"(r)-Vclz+7,)

Lt
_ L@,
i (v)

Vc — CKOPOCTb CHUXEHUS

TemnepaTypbl cpeabl B hase
3aTyxXaHus peanibHOro rnoxapa.

Temnepatypa cpenn npu moxape T,

O

Sl

Bpems noxapa v Craguna 3aTyxaHus
no>xapa

Cragusa pa3Butus
no>xapa

TeMnepaTypHbIA PeXUM «peasibHOro» rno)apa MoXxeT 6bITb NofyyeH
npeobpasoBaHMeM «CTaHAAPTHOro» Moxapa C NOMOLLbIO NapamMeTpoB T , , V.



[locTpoeHve 130TepMMYecknx auarpaMm
nedopMmMpoBaHMs 6eTOHa NpK HarpeBe MNof, Harpy3Koi

KpuBasa cHuxeHus
Nnpo4YHOCTN 6eToHa

KpuBasa cHMXeHus
HayanbHOro Moayns
nedopmaunmn

KpuBble pa3Butung
CUNOBbIX AedopmaLmm

KpuBasa npeaenbHbIX
CUNOoBbIX aedopmaumm

KpuBass MakCMManbHO-
rPaHNYHOr0 COCTOAHUA

N3oTepMmnyeckmne
Anarpammbl
aAedbopMmnpoBaHus

BeToH TSHXKENbIN Ha

rPaAaHUTHOM 3anoJiHuTene

(onbITHblE AaHHbIe BHUWIO)

(tot)
€hy > Y0

a)

KpM Bbl€ CHM)XEHUA NPOYHOCTHU

Oy

Opu0

1,0 1

0,8
0,5

0,2

U HaYaJIbHOro Mmoaynsa

U3oTepMuueckme amarpamMmmbi
AedopMMpoBaHuA NpU Harpese noa

Aedopmaumin 6eToHa Harpy3Kou
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[TocTpoeHne HeNMMHENHbIX N30TEPMUYECKMX Anarpamm
nedopMnpoBaHns apmaTypbl Npu Harpese Mo Harpy3kou

TeMnepaTypHble 3aBUCUMOCTHU Npeaena N3oTepMmuueckue anarpaMmmbl
yrnpyroctu v npeaesa TeKy4yecrtv AedopMMpoBaHuA NpU Harpese
s, 0 o, nop Harpyskou
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TemnepaTypHble 3aBUCUMOCTII OCHOBHbIX MEXaHNYECKMX
XapaKTepUCTUK apmaTypbl

AHAJIMTHYECKAS ANMPOKCUMAIMS TeMIIEPATYPHBIX 3aBUCUMOCTE
MmapaMeTpoB Yy apMmarypsl kiaacca A400 (A-1I1)

e TeMnepaTypHble 3aBUCUMOCTU

su,tj 1 yse,tj
KO3 PULMEHTOB CHUXKEHUS .

npegena ynpyroctu y, ., 1 Teop. | |
npeaena TeEKy4YecTu Ysu,tj = - =A= = 3KCI.
apMaTypbl Npun Harpese: S
2 <75
_ _ g 3
c c
[ . —1t g
S, J 0 * Ysut
. = eX — | — ] P )
Voug SR P| TT000 Y
i o 0,36?\
b D\
d] ™ o
Yesi = €Xp| — @, - L.~ A0
NN 1000
ey |\ 1000
L _ 0 100 200 300 400 500 600 700 800 900

TeMnepartypa, *C
I7e ¢ . — TeMIeparypa HarpeBa apMaTyphl;
, 03’; ¢, d — ONBITHBIC TAPAMETPBL; OcHoBHble TemnepaTypHble napaMeTpbl apmaTypbl knacca A400 (A-Ill)

100D]} pasMepHAAOSp@uInGHT Temmneparypuble | XapakTepUCTUKU U3MEHEHUS Tpererna c 5
napaMmeTpbl TEKY4ECTH ) 13,25
XapakTepucTUKU U3MEHEHUS Tpeierna d 3
YIPYTOCTH (O 12,42
Jlebopmaruu Havana cTajuu TEKY4eCTH e ., % 1,25
Koapumment TemneparypHoro pacupeHus o t,’ 1/°C 15-10°




AHanUTUYecKoe onucaHne amarpaMm
necthopMUpOBaHKs apMaTypbl Npy Harpese

HanpsikeHust npenena Tekyyectn o, 1 npeaena ynpyroctu o, G .=c . ‘
apMaTypbl AN AaHHOW TeMnepaTypbl Harpesa: sutj su,0 " Vsuy

Iac Gsu,O’ Gse,O — OPEACII TCKY4YCCTH U IIPEACI YIIPYTOCTHU apMaTypbl 10 HAarpeBa.

Gse,tj - csse,O ) ,Yse,tj

Hdedopmauum € COOTBETCTBYIOLLME HAMPSHXKEHUSAM npeaena

se,tj’

ynpyroctu: €sei = Ose.0 /B,
Aedopmaunu € ,, COOTBETCTBYIOLUME HaYany CTaaun TeKy4ecTu
apMmaTtypbl, NPUHNMAIOTCH He 3aBUCALLMMM OT TeMNepaTypbl
Harpesa (Hanpumep, Ans apmatypbl knacca A-IlT €, = 1,25%).
MNpeaenbHbIn TOKanbHbIN KO3 E@ULMEHT CeKyLero Moaynsa Ha N _ O%ugj " Osey
Y . Asu,tj —

HeNnH : ’

€/AHOM y4acTKe AnarpammMbl v, . E, - (Ssut Se’tj)

MapameTp HeNMHenHOCTU AeOopMUPOBaHUS K, !

Kpow = 5= ln(vAsu p )

TemnepaTypHble AedopMaLunm apMaTypbi:

(tem) __
sj]"” - O(‘s,t '(ts,j _tO)

rie o — KO3 HUUMEHT TEMIIEPATyPHOTO PacliMpeHHUst &

YpaBHEHWNE CBA3M HaNpshXXeHU 1 gedopMaunii apMaTypbl Npu
HarpeBe:

rae v, . — Ko UIUEeHT U3MEHEHHSI CeKYIIero MOy s Ae(opMaiuii.

.4



[lnarpamma TepMOMeEXaHUYECKOrO COCTOSIHIS
apmaTypbl

AvarpamMmmbl aecbopMupoBaHusa apMaTypbl
" BblpaxeHue ans kosdduumneHta v . Npuv pasaMyHbIX TeMNepaTypax Harpesa,

YCTaHaB/1MBaeTCAa pa3/iM4HbIM Ha Ka>XaoM U3 TpéX NOCTPOEHHbIe No npennaraeMoﬁ MeToauke
Y4aCTKOB V|30TepMV|l-|eCKO|7| AnarpaMmmbl.
apMmaTtypa knacca A400 (A-III)
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