®EAEPANLHOE AFEHTCTBO

MO TEXHUYECKOMY PEIMYNIMPOBAHUIO U METPOJIOIMKX

HAUMUOHANbHLIN roCcT P
CTAHOAPT
POCCUWMCKOMN 57282—
OEAQEPALUMN 2016

PacueTtbl u ucnbiTaHus Ha NMPOYHOCTb

OMNPEAENEHME NOBPEXAEHHOCTU CTANU
nPU MANTOLIMKITOBOM HAIPYXXEHUN

O6wue TpeGoBaHusA

WU3panne opmumanbHoe

Mockea
Cranpapundopm
2016


http://www.stroyinf.ru/russian-certificate/certification-armature.html

FOCT P 57282—2016

Mpeaucnosue

1 PA3PABOTAH OTKpbITbIM aKLIMOHEPHBLIM 00LIECTBOM «Hay4HO-UCcCneaoBaTeNbCKUN LIEHTP KOHTPONA
M AUArHOCTUKK TexHudecknx cuctem» (AO «HUL KO»)

2 BHECEH TexHuueckum komuteToMm no ctaHgaptusauum TK 132 «TexHuyeckas guarHoCcTukay

3 YTBEPX/EH 1 BBEJEH B IENCTBUE Mpukazom deaepanLHOro areHTCTBa N0 TEXHUYECKOMY pe-
ryrnMpoBaHuWio U MeTponoruu ot 24 Hosidps 2016 1. Ne 1773-ct

4 BBEJEH BMNEPBbIE

lMpasuna npumeHeHus Hacmoswe20 cmaHlapma ycmaHoerneHbl 8 cmambe 26 ®edepanbHo20 3aKoHa
om 29 uwoHa 2015 2. Ne162-®3 «O cmanlapmu3sauuu e Pocculickoli ®edepayuuy. MHopmayus o6 usme-
HEHUsIX K HacmosuweMy cmarHlapmy nybrnukyemcsi 8 exe200HOM (Mo cocmosaHui0 Ha 1 sIHeaps mekyuie20
200a) uHhopMayuUuoOHHOM ykaszamerne «HayuoHanbHblie crmaH0apmbi», a oguyuanbHbili mekem u3MeHeHul
U ronpaeoK — 8 eXeMeCAYHOM UHOPMAaUUOHHOM yKa3amerne «HayuoHanbHbie cmaHOapmbl». B criyyae
nepecmompa (3aMeHbl) unu ommMeHbl Hacmosuwe20 cmanGapma coomeememeyroujee yeedomieHue bydem
onybnukoeaHo 6 bnuxalilueM 6blllyCKe eXeMecsd4H020 UHGOPMaUUOHHO20 yKasamerns «HayuonarbHble
cmanOapmbly. Coomeemcmeyiowjasi uHgopmayusi, yeeOoMIeHUe U MeKCMbl PasMeualomes makxe 6 UH-
¢opmayuoHHOU cucmeme obLyeao nosnbL308aHuUss — Ha oghuyuaribHoM caiime ®edeparibHO20 azeHmemea o
MEeXHU4YEeCKOMY peaynuposaHuto u memposoauu e cemu lnmepHem (www.gost.ru)

© CraHgaptuHdopm, 2016

Hacrosumii cTaHgapT He MOXET BbiTb MOMHOCTbIO UM YaCTUYHO BOCMPOU3BEAEH, TUPAXKUPOBAH U pac-
MPOCTPaHEH B kauyecTBe 0pULMANLHOrO u3aaHus 6e3 paspelueHus denepansHOro areHTCTBa Mo TEXHUYECKO-
MY pPerynmpoBaHui0 U METPONOTUH
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Ba3oBbie 9BOMOLMOHHLIE YPABHEHNA HAKOMMEHNA NMOBPEXAEHMIA B KOHCTPYKLMOHHBLIX MaTepuanax ... 6

KpuTepuin okoH4YaHusa ctagumn pasBuTusa paccesiHHbIX MUKPOMOBPEXAeHUn
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BseaeHue

B npouecce akcrnnyaTauum MHOTUE 3MeMeHTbl KOHCTPYKLMIA paboTaloT B yCNOBUSIX ManoLMKNOBOW yCTa-
noctu. Ha ctaguu 4o 3apoXxaeHust U pasBUTUSi MAKPOTPELLMHBI BbIAEMSIOT NEPUOA, CBA3AHHbIA C U3MEHEHNEM
CTPYKTYPbl, 3apOXXAEHUEM U HAKOMNEHUEM PACCEAHHBIX MUKPOMOBPEXAEHWIA.

B nocnegHue roabl Ans peLleHus 3agad, CBA3aHHbIX C pacHETOM NOBPEXAEHHOCTU MaTepuana, ycnetu-
HO pa3sBMBAETCS HOBAas AUCLMIIIMHA — MEXAHUKA NOBPEXAEHHOW Cpeabl, B paMKax KOTOPOIA NPeasiokeH pag
noaxoA0B K pacYETy NoOBPEXAEHHOCTH.

K HacTosiLeMy BpemeHu ccopMynupoBaHbl 6a30Bble ypaBHEHUSA TEPMONNACTUMHOCTH, NPeAHa3HaYeH-
Hble ANst ONUCAHWUA OCHOBHBIX 3(M(EKTOB, YYET KOTOPLIX HE0OX0AUM ANS aAEKBATHOTO MOAENUPOBAHUS NPo-
LlECCOB HAKOMMIEHUs1 YCTaNOCTHLIX MOBPEXAEHUIA U pacyeTa NoBPEXAEHHOCTU HA CTaaun Ao obpasoBaHusA
makpoaedekTa B KOHCTPYKTUBHBIX 31IEMEHTaX OTBETCTBEHHbIX TEXHUYECKMX 00BLEKTOB MPWU TEPMOCUNOBLIX
HeCTaLUMOHAPHbIX HarpyeHUsX.

Hacrosiwmi ctaHgapt paspabotaH ¢ uenbto o6ecnevyeHmns MeToan4eckon 0OCHOBbI NPUMEHEHUSI METOA0B
MeXaHUKW NOBPEXAEHHON cpeabl ANA pacyeTa JKCNyaTaLMOHHON NOBPEXAEHHOCTU Matepuana getanen u
KOHCTPYKTUBHbIX 3J5IEMEHTOB, NOABEPraeMblX ManouuKIIOBbIM BO3AEACTBUSIM NPU CAOXHBIX TEPMOCUIIOBbIX
Harpy>eHusax.
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HALUWOHANBbHBIN CTAHOAPT POCCUNCKOW SOEAEPALUUMNU

PacueTbl U UCNLITAHUA HA NPOYHOCTDL
OMPEAENEHME NOBPEXAEHHOCTU CTANU NP MANTOLIMKNOBOM HAIPY>KEHUU
O6wue TpeboBaHus

Calculation and strength testing.
Determination of damage under low-cycle fatigue of steel. General requirements

Dara BBeaeHnsa — 2017—10—01

1 ObnacTb NpMMeHeHun

Hacroswmii ctaHgapT ycraHasnueaet obwme TpeboBaHus K pac4eTHOMY METOoay OnpeaeneHus Benu-
UMHbI HAKOMIEHHON JKCTIyaTauMOHHON NOBPEXAEHHOCTU CTalbHbIX KOHCTPYKTUBHBIX 9MeMEHTOB, NoABepra-
€MbIX ManoLMKNOBbIM YCTanoCTHbIM BO3AENCTBUAM.

PernameHTupyembiii HACTOALWMM CTAHAAPTOM METOA NO3BONSIET HA OCHOBAHUU NOAXO10B MEXAHUKU NO-
BPEXAEHHOW CpeAbl CAenarb OLEHKY YPOBHSA 3KCNNyaTaLMOHHON NOBPEXAEHHOCTU B 30HE KOHTPONS Npu U3-
BECTHbIX NapaMeTpax yCTanoCTHbIX BO3AENCTBUNA.

HomeHknarypa 06beKTOB, NOBPEXAEHHOCTb MaTepuana KoTopbix MOXET ObITb onpeaeneHa B COOTBET-
CTBMM C pErnamMeHTMpyeMbIM METOAOM, YCTAHABNUBAETCA B TEXHUYECKOM 3a/1aHUM HA KOHTPOIb.

2 HopmaTtuBHbI€ CCbINKK

B HacTosiLlemM CTaHgapTe MCNOnb30BaHbl HOPMAaTUBHLIE CCbINIKM HA CReayioWwmue CTaHaapTbl:

FOCT 25.505 MeToabl MexaHU4YeCKUX UCNbITaHui meTannos. MeToa UCNbITAHMI HA ManoUUKNOBYIO
yCTanocTb Npu TEPMOMEXaHUHECKOM Harpy>XKeHUU

FOCT 25859 Cocyabl u annapatbl CTanbHble. HopMbl U METOABI pacyeTa Ha NPOYHOCTL NPU MaNoOUMKNOo-
BbIX Harpyakax

MpuMeYaHue—TIlpn Nonb3oBaHUM HACTOSLLMM CTaHAAPTOM LienecoobpasHo NPOBEPUTL AENCTBUE CCbINOYHBIX
CTaHAapToB B MHPOPMaLMOHHO cucTeMe o6LLero nonb3oBaHUs — Ha ouLManbHOM caiiTe ®efepanbHOro areHTcTea no
TEXHUYECKOMY PEeryriMpoBaHunio 1 METPONOriu B CeTU VIHTEPHET UMK No exerofHoMYy MHOPMaLMOHHOMY ykasaTento «Ha-
LiMOHarnbHble CTaHg4apThl», KOTOpPLIA ony6rnvMkoBaH No COCTOSIHUIO Ha 1 siHBapsA TeKyLLero roga, U No BbiNyckaM exeMecsy-
HOro MHOPMaLMOHHOro YKasaTens «HalWoHanbHble cTanAapTeI» 3a TekyLwui rog. Ecnv 3ameHeH cebinoYHbIin cTaHaapT,
Ha KOTOpbIA AaHa HefaTUpoBaHHasA CChINKa, TO PEKOMEeHAYeTCA UCMonb3oBaTh AEACTBYIOLLYIO BEPCUIO 3TOrO cTaHaapTa
C YYETOM BCEX BHECEHHbIX B faHHYI0 BEPCUIO U3MEHEHNIA. Ecnu 3amMeHeH CChINOYHbIA CTaHAapT, Ha KOTopbliA AaHa faTu-
poBaHHas CChINKa, To peKoMeHAYeTCH UCMOMb30BaTL BEPCUIO 3TOMO CTaHAapTa € YKasaHHbIM BbILLE rofoM yTBEPXAEHUS
(NpuHATKMSA). Ecnu nocne yTBepXXAEeHUS HACTOALLEro cTaHAapTa B CChISIOUHbIA CTaHAapT, Ha KOTOPLI AaHa AaTvpoBaHHast
CChblfIKa, BHECEHO U3MEHEHWe, 3aTpariBatoLLee NonoXeHue, Ha KOTopoe AaHa Cebinka, TO 9TO NONOXEHNe peKoMeHAyeTcs
NPUMEHATL 6e3 y4eTa faHHOro U3MEHEHUs. ECn cebinoyHbIi cTaHAapT oTMeHeH 6e3 3aMeHbl, TO MONOXEHWE, B KOTOPOM
JaHa ccblfika Ha Hero, peKoMeHAYeTCs MPUMEHSTh B YacTu, He 3aTparvmBatoLLelt 3Ty CCbINKY.

3 TepMUHbI, onpeaeneHns N CoKpaueHus

3.1 B HacTOsILLEeM CTaHAapTe NPUMEHEHbI TepMUHbI U onpeaeneHus no FOCT 25.505, TOCT 25859.
3.2 B HacToALWEM CTaHAapTe NPUMEHEHbI CreayoLme CoKpaLLeHUs:
MHLY — MHoroumknoBas ycranocTb;
MIMC — mexaHuka NoBpeXaEHHOW Cpeabl;
MUY — manouuknosas ycranocTb.

M3naHue ocuumanbHoe
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4 O6wwme nonoxeHus

4.1 PekoMeHyeMbIn HACTOALMM CTaHAapTOM anropuTM pacyeTa nospexaeHHocTu npu MUY Gasupy-
€TCsl Ha UCNOMb30BaHUW YPaBHEHWIA TEPMONNACTUYHOCTH, OMMUCHLIBAKOLLMX OCHOBHbIE 3D EKTbI, YHET KOTOPbIX
HeobBxoaMM Ans aaeKBaTHOrO MOAENMPOBAHUSA MPOLIECCOB YCTArNoOCTHOW NOBPEXAEHHOCTU MaTtepuana KoH-
CTPYKTUBHbIX 31EMEHTOB NPW TEPMOCUIIOBbLIX HECTALMOHAPHbLIX HArpyXeHUsX.

4.2 YunTbIBaOT CneayoLwme npoLeccsl, NpoTekatowme B marepuane npu HakonmneHum NoBPeXXaeHN:

- MOHOTOHHOE U LMKINYEeCKoe YNPOYHEHWE MPU NPONOPLIMOHANbLHOM U HEMPOMOPLIMOHANBHOM Harpyxe-
HWM C YYETOM NEPEXOAHbBIX LIUKIIMYECKMNX NMPOLIECCOB U CTabUMU3MPOBaHHOIO LIMKITMYECKOTO NOBeAEeHNUs MaTe-
puana;

- UBMEHEHME NoKanbHOW aHU30TPONUU NNacTUYecKoro gecdopMmpoBaHus (M3MEHEHUe MOaynsa ynpou-
HEHUs) B pesynbraTe BpaLleHua rmaBHbIX NowanoK TeH3opa aecopmauuii npu nsnomMme Tpaekropum aedop-
MUPOBaHUA (M3MEHEHUE HaNPaBMNEHUSI Harpy>xeHus);

- Hen3oTepMUYeCcKoe nnactTuyeckoe 4edopMupoBaHne MaTepuana npu pasnuyHbiX 3aKOHaX MU3MEHEHUs
TemMneparypbl U MexaHuyeckon gedopmauuu;

- nporpeccupyioLLiee U3sMeHeHne NPOYHOCTHbIX U XECTKOCTHbIX XapaKTepUCTMK Matepuana B npouecce
HaKOMMeHUs yCTanoCTHbIX MOBPEXAEHUI Ha BTOPOW CTaauU passBUTUSA PACCESHHbIX N0 00bEMY NOBPEXAEHMUIA
10 00pa3oBaHWsA MaKpOTPELLMHBI.

5 OCHOBHbIe ypaBHEHUA TepMOMIaCTUYHOCTU

5.1 TeH30pbl HANPAXEHWUIA T); i aedopManuin €;; PACKNaakLIBaloT Ha Waposyo (rmapocraTnueckyio) o, e
N AE€BUATOPHYIO KOMMOHEHThI (oU) " (eU)

5.2 NpuHMMAaLOT, YTO KOMMNOHEHTLI IeBUATOpa TEH30pa AechopMaLmin e W UX NpUpaLLeHumn Ae ABMNAOTCA
CYMMOW ynpyrmux e'f M NnacTu4eckux e';’ KOMMOHEHT:

' = '€ + gP
ej=e; ¥ el.j, 1)
R \J U
Aej; Ae,.j‘? + Ae’.j . 2

5.3 Martepuan cuuTalor NNAcTU4ECKU HEC)KUMAEMbIM:

P=gP P P =
36 =611 + 65, +6,,=0, ©)
AeP=o0. “)
5.4 Benu4unHa ynpyroro n3ameHeHust o-6bema onucbiBaeTCA COOTHOLLIEHUEM:
AV
= € = e —
v =3e =3¢ e11 + e +tej =6 %)

5.5 PaccmartpuBalot ynpyromsoTponHbie Cpeabl, XapakTepusyemblie 3aBucALLIMMKU OT Temneparypbl T Mo-
aynem ynpyroctu tOnra E(7), koadpduuymentom MNMyaccona v(7), 06bemHbiM moaynem ynpyroctu K(7) n o6b-
eMHbIM moaynem casura G(7).

5.6 AHU3OTPONMIO YNPYIUX CBONCTB, BbI3BAHHYIO NPOLIECCOM HAKOMIEHUS MOBPEXAEHUNA, HE YYUTLIBAIOT.

5.7 CBA3b MexXay HanpsHXKeHNAMU (0]) M ynpyrumu COCTaBrnsioLUMKU TEH30pa AedopmaLinii (ee) ycra-
HaBnMBaloT Ha 6a3e ypaBHEHUI TEPMOYNpPYroCTU:

0 =3Kle —a(T- Ty, 6)
AK

Ao = 3K[Ae — A(@T)] + « O )

0} = 2Gep, @)

Aoy = 2GA6? + % e, ©)

rae o — KoaUUMEHT NMMHENHOrO pacLUMpeHust, ABNSAIOWMACA PyHKLUMEN TeMnepaTypbl.
2
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5.8 Ha ocHOBaHMM rMnoTe3bl KNHEMAaTMYECKOrO U M30TPOMHOTO YNPOYHEHUsI NOBEPXHOCTL TEKYYECTH Fp B
NPOCTPaHCTBE AEBMATOPOB HANPSHKEHUI NPEACTaBNAIOT cchepon C paauycom Cp W KOOpAMHATaMU LEHTPa P
(TEeH30p MUKPOHANPSHKEHWIA):

= (0};— pp(0};—pp - C3=0 (10)
uwnu

(855" - C, = 0; ;= 0jj— pj; 1)

5.9 CornacHo accouumpoBaHHOMY 3aKOHY TEHEHUS CYUTAIOT, YTO

30 =AS;, (12)

P =
Aeij
5.10 MNpuHMMAIOT, UTO PaanUyC NOBEPXHOCTU TEKYYECTU U3MEHSIETCA B 3aBUCUMOCTU OT NpUpaLleHus Ay
ANUHBI AYTW x TPAEKTOPUU NNACTUYECKONO AeOPMUMPOBAHUSA U MPUPALLEHUA TeMNEPaTypbl Crneayowmm 06-
pasom:

AC, = G MH(F,) + qrAT + a, (@ — CAXT(Fy) + ACyr, 13)
me C,=Cpo+ EACP’
= _ AW +(1-A)g
W= g Ar(-A) (14)
= _ QAW+ (1-AQ
ST gA+(1-A) (15)
FP=pijpij_p%nax=0‘ (16)
2 roPrel |
r(Fp) =1- H(Fp): AX = gAeijAeij , (17)
1an| =0 v p;Ap;=0,
rae H(F,) = {0 an| Y pl/Apu/<0
Tm = ZAYHF), 1= 24, (18)
Aej S
A=1- 00528, cosd = n nS. n= % Cp— (19)

7. =
07T (AefpAey)% 0 T T (S Sy

5.11 B ypaBHeHuu (13) nepBbli YNEH ONUCLIBAET U3OTPOMHOE YPOYHEHUE B PE3ynbLTaTe MOHOTOHHOIO
nnacruyeckoro AedopM1MpoBaHuA (H(F )=1u I'(F ) = 0), BTOPO¥ YneH — U3MeHeHne paguyca NoBepxXHOCTH
TEKY4YEeCTU MpU U3MEHEHUU Temnepa'rypbl Tpe-rvm UneH OMUCLIBAET LMKNUYECKOe YNPOYHEHWEe marepuana
(H(Fp) =0mu F(F ) = 1), nocneaHuin YneH OnNMCcbIBAaET BOCCTAHOBNEHUE (BO3BPAT) paguyca NoBepXHOCTU TEKy-
YecTu B ycnosvmx BbICOKOTEMNEPATYPHOI BbIAEPXKN (OTHKMra).

5.12 Moaynb U30TPONHOTO YNPOYHEHUS q (14) y4nTbIBAET U3MEHEHWE U3OTPOMHOro YNPOYHEHUS MaTe-
pvuana B 3aBUCMMOCTU OT HanpasneHus ﬂGdDOpMMpOBaHMH B [JaHHOIi TOYKe TpaekTopum M — yrna 6 mexay
BEKTOPOM NpupaLleHus aesmartopa aedopmanmm (Ae,j) MMEIOLLMM HanpaensoLme KOCMHbeI nj 1 HOpMansio
K MOBEPXHOCTY TeKy4eCT B Touke M, onpeaensieMoil HanpaBnALWMMN KOCUHYCaMK n

5.13 Mpu nponopunoHanbLHOM Harpy>xeHun 8 =0, cos6 =1, A= 0, qx q,, e qx — MOAynb U30Tpon-
HOro YNPOYHEHUs1 MaTepuana npm 0AHOOCHOM pacTshkeHun obpasua.

Tr 1
5.14 MNpu HenponopUUOHaNbHOM Harpy>eHuu ¢ yrnom 6 = = (BeKTOp Ae,.j nepneHanKynsipeH Hopmanmu

K MOBEPXHOCTU TEKYYECTU B TOUKE HarpyxeHus) A =1, q =q, rae qc MOAYNb YNPOYHEHUS NPU Harpy>xeHuu
Mo KacaTernbHOW K MOBEPXHOCTU TEKYYEeCTH («HeMTpaanoe» HarpyeHue).
5.15 B dpopmyne (15) ans UMKNNMYECKOro M30TPOMHOIO YNPOYHEHUA MPU LUKNNMYECKOM NPONOPLUMOHanb-

P~ m
HOM HarpyxeHun 6 = 0 u Qg = Q 1 Npu UMUKNNYECKOM HENPOMOPLMOHANBLHOM Harpy»eHun 6 = 5 Q = Q,

3
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Wimn Yy, (0<y; <1, 0 <y, < 1) — napameTpbl, NO3BONAIOLLME KOPPEKTMPOBATL BNUSHUE MOAYNE 9, 9c: Q
U Q; Ha U3OTPONHOE YNPOYHEHNE MaTepuana.

5.16 lMpu cTayMoHapHOM UMKNUYECKOM AedOpPMUPOBAHUM MaTepuana C NOCTOSIHHOW aMnNauTYAoN Ae-
copmauuu u T = const (P, = CONSt, Cp(Fp) =0, I'(Fp) =1, 55 = const) paanyc NOBEPXHOCTU TEKYYECTH Cp
cTpemMuTCa K Qg = const n napameTpbl NETAN rMCTEPe3nca CTPEMATCS K CBOEMY CTaLMOHAPHOMY 3HAYEHMIO,
onpeaensieMoMy 3HaYEHUEM Qg, KOTOPOE 3aBUCHUT OT TEKYLLIMX 3HAYEHUIH T U Ppax-

5.17 3BONIOLIMOHHOE YpaBHEHNE ANA USMEHEHWUA KOOPAWHAT LIEHTPa NOBEPXHOCTU TEKYYECTH (TEH30pa pij)
umeeT BUA:

Ap; = 9y Ae,*f = 9oPAx = 97P; < AT > + Go 10 (20

rae g; ¥ g, — MOAYnM KMHEMaTUYECKOTO YNPOYHEHUA, siBnstomecs yHKUMaAMKU Temnepatypbl. Moaynb g,
onpeaensaeT nepemeLLieHne LieHTpa NOBEPXHOCTU TEKYYECTU B pe3ynbkraTte NpUpaLieHun TeH3opa nnactuye-
Ckux aedropmauun Aeij.’, MOAynb g, — €ro NOCTENeHHYI0 penakcauuio (Npu Aeij.’ = 0 KOOpAUHATBI LIeHTPa Pjj
CTPEMSATCA K CBOEMY HauyanbHOMY HYNEBOMY 3HAYEHWUIO0).

5.18 Moaynb gy onucLIBaeT U3MEHEHUE KOOPAUHAT LIEHTPa NOBEPXHOCTN TEKy4eCTU B CBA3W C NOBbI-
weHuem Temnepartypsl T:

=891 Ag

gr= g1AT ngT >0, (21)
gr=0npuAT<0, (22

_ (pjAppH(Fp)
APpmax = I(pﬁ’plj)'/z = 9oPmaxd®x = I7rPmax < AT> - 9o7Pmax- (23)

5.19 CootHowueHus (16, 17, 23) onpeaensaloT M3MEHeHMe paguyca NoBepPXHOCTU TEKYYECTU U NO3BO-
NAIT aBTOMaTUYECKU OTAENUTL LIMKNUYECKOE HArpy>XeHWe OT MOHOTOHHOIO C NOMOLLbIO ONEpPaTOpPOB H(Fp)
" I'(Fp).

6 PekoMeHAyemble pacyeTHbIe Moaenu

6.1 N3oTponHoe ynpouyHeHue

6.1.1MNpN g, =g, =gr=gor =08(20) n p; = 0 uMeeT MecTo Ciy4ai YUCTO M30TPONHOTO HEMUHEHHOTO
YNPOYHEHUS, OnucbiBaeMoro ypasHeHuem (13), (npu atom H(Fp) = 1 1 UMKNNMYECKOE YNPOYHEHMWE TaKKe He
YUYUTBIBAIOT).

6.1.2 Ecnn B (14) n (15) w; =0 u y, = 0, TO USMEHEHUE N3OTPOMHOTO U KUHEMATMUECKOTO YNPOUHEHUS
npyu HENPONOPLIMOHANLHOM AePOPMUPOBAHUN HE YUUTLIBAIOT: Gx =q,,a C_)S = Q (KMHEMAaTM4eCKOe U U30TpOn-
HOEe yNpoYHeHne, COOTBETCTRYIOLLEE AnarpammMe OAHOOCHOTO PacTsHKeHUs Marepnana).

6.1.3 Ecnu g, = const, TO ONUCLIBAIOT NUHEWHOE N30TPONHOE YNPOYHEHUE.

6.1.4 Ecnu a, = 0, TO ONUCLIBAIOT MAEaNbHO NNACTMYECKUA MaTepuan ¢ NOCTOSIHHOM MOBEPXHOCTbIO
TekyuecTn Cp, = Cpo.

6.2 KuHeMaTu4yeckoe ynpovyHeHue

6.2.1Mpun q, = 9. = g = &, = 0 B (13) UMeET MECTO Cry4ai YUCTO KNHEMATHUYECKOTO HEMMHENHOTO YNPOY-
HEHUSA, ONMCbIBAEMOro ypaBHeHnem (20).

6.2.2 Ecrm g, = 0 u g, = const, UMEeT MECTO Cly4ain NMHERHOTO KUHEMATUYECKOro YNPOUHEHUSI.

6.3 Mogensb J.L.Chaboche (CHAB)

6.3.1 OcHoBHble ypaBHeHUn moaenu CHAB umelot sua:
- YPaBHEHNE MOBEPXHOCTU TEKYHECTH:

_[i ]/ R=0:
F=|2(Sj—a)(S—ap)| -R=0; (24)
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- YPaBHEeHne A1 USMEeHEeHUs1 paauyca NOBEPXHOCTU TEKYYECTU:
R=k+RyEP+R (1 - ), (25)
AR = RyAEP + wae-bf"Agp = (Ry + R_be~b&")pgp. 26)

- ypaBHEHUE 4NA SBOMIOLIMM LIEHTPA NOBEPXHOCTU TEKYUECTH

1
Aay = ?CAep—v,a A£P+C aT Aa (27

S -~ - 'AEP-A -eP = .R_ ic k_ 3
i = O & = Py SARER =L R=, 50 k= 7Cp0. (28)

MpumedyaHne— YpaBHeHUs (24 — 28) ABNAIOTCA YaCTHLIM CIyYaeM ypaBHeHWit (8 — 23) U ONMUCHIBAIOT He-
NnHeRHOe KMHeMaTUdecKoe 1 U3OTPOMHOE yNpodHeHne 6e3 yueTa LIMKIMYECKOro YnpodHeHUs npu

oo 3
q, = (Ry* R be™), 5-Cr=g1, v =g,,i=1. 9)

6.3.2 CneayeTt yuuTblBaTh, YTO YNPOYHEHME NMPU MOHOTOHHOM AehOPMUPOBAHNM HOCUT KaK KMHEMATU-
YECKWH, TaK U M30TPOMHLIA XapakTep; paanyc NOBEPXHOCTM TEKYYECTH MOXKET Kak BO3pacTaTh (YyNpovHeHue),
Tak u yobiBaTb (pa3ynpodHEHUE).

6.3.3 Moaynb ynpo4HeHus 3aBUCUT OT HanpasrieHWsA BEKTOpa AOrPy3KU B TOUKE HArpy>XeHuUs Ha NoBepx-
HOCTU TeKy4YecTu (OT yrna 6 mexxay Bekropamu S u Ae; )

6.3.4 lNpu HenponopuMUoHanNLHOM Lll/IKJ'IVILIeCKOM HarpymeHMM BO3HMKAET AOMNONHUTENbHOE LMKNUYecKoe
YNPOYHEHUE MO CPABHEHUKD C NPOMOPLUOHANBHLIM LIMKITUMECKUM HAIPYXXEHMEM C TON € UHTEHCUBHOCTbIO
aMnnuTyabl gedopmMmaumii.

6.3.5 MepexoaHble HECTALMOHAPHBIE LMKMNYECKME MPOLECChl B OCHOBHOM 3aBUCAT OT U3OTPOMHOW Ya-
CTU YNPOYHEHUA.

6.3.6 M3oTponHoe ynpoyHeHue (SBONoUMA paguyca NOBEPXHOCTU TEKYy4eCTH Cp) COCTOUT U3 Tpex TU-
MOB: MOHOTOHHOE, LIMKIIUYECKOE NPONOPLMOHANbLHOE, LUKIMYECKOe HeMpPONopLMOHANbLHOE.

6.3.7 MapameTpbl cTabUnU3MpPoOBaHHON NETNN rucTepesnca B OCHOBHOM HE 3aBUCAT OT MecTa cTabu-
nusaumu neTnu, npeabiayLien UCTopun LIMKNUYecKkoro 4edopMnMpoBaHua U ONpeaenstoTC MHTEHCUBHOCTLIO
amnnTyael Aedopmauuii (BENUUNHON Py, B (23) 1 NapameTpamu HENPOMOPLIMOHANBHOTO LIMKNUYECKOro Ha-
rpy>xeHus (yrnom 6 u napameTpom A).

6.3.8 3aKOHOMEPHOCTU LMKINYECKOro Aed)OpPMUPOBAHUA B CTAGMNM3MPOBAHHONW NETNE B OCHOBHOM
onpeaensitoTca aHM30TPOMHOMN YacTbio YNPOYHEHUS (3BONOLMEN p,) 3aKOHOMEPHOCTU aHU3OTPOMNHOrO yNpoY-
HEHUs1 ANS MOHOTOHHbIX U LIMKNUYECKUX NPOLIECCOB MOTYT ObITb pa3J1M‘~|HbI

6.3.9 IMpK KECTKOM LMKIINYECKOM Harpy>XeHuu 1 HayanbHOW aHW3OTPOMUK MO aMNIUTYAE HanpsHKEHUI
B MONyLMKIAaxX pacTshKeHUs U CxxaTusi HabnioaaeTcs penakcauusl CpeaHNX HanpPsHKEHWA LMKna Ao Hyns 3a Ko-
HEYHOEe YUCHOo LMKMOB (penakcauus CpeaHnX 3HayYeHun p,)

6.3.10 3aKOHOMEPHOCTU LMKIUYECKOTO ueq)opmuposaﬂuﬂ ONUCBLIBAIOT NPU MNOMOLLY 3BOSIOLMOHHBIX
ypasHeHun (13 — 23) ans AC nAp;.

6.3.11 Ha sTopoii CTaJ:WIVI npoLiecca HaKoNMEeHUs1 pacCesiHHbIX N0 00LEMY YCTaNOCTHLIX MOBPEXIAEHUN
HabnogaeTca BNusHUE MOBPEXAEHHOCTU HA (HU3NKO-MEXAHUYECKME XapaKTepucTUkn matepuana. B nepsom
NpuBnuXeHUn TO BNUSHUE MOXET BbITb Y4TEHO Ha Ba3e KoHUenuuu aerpaanpyloLLiero KOHTUHYYMa BBEAEHK-
eM 3(pPEeKTUBHBIX HANPSHKEHWIA

G, =—1 (30)

unun aPdPEKTUBHBLIX MOAYNENR YNPYrocTu
E=E(1-w), G=G(1-w),K=K1-w). 31

6.3.12 3phekTUBHYIO BHYTPEHHIOK NEePEMEHHYIO (5,-]- onpeaensT cneaylowmM o6pasom:

— _ P
Pi= 7w 32)
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6.3.13 flomkHa ObITb CKOPPEKTUPOBAaHA ynpyras 06nacTb JonyCTUMbIX COCTOSIHUIA MaTepuana, onpeae-
nsaemas NoOBEePXHOCTbIO TEKYYECTU. 3aBUCMMOCTb NOBEPXHOCTU TEKYYECTN OT HAKOMSEHHON NOBPEXAEHHOCTU
onpeaenser passuTue NPoLEeccoB NNACTUYHOCTM NOBPEXAEHHOIo MaTtepuana:

—~ w
c. =cC (1——”)20, 33
P (4 Wpr 33)

rae Wy = 0,8.
7 Bba3oBble 3BOMIOUMOHHbIE YPaBHEHNS HAKONNEHUs1 NOBPEXAEHUN
B KOHCTPYKLUMOHHBIX Martepuanax

7.1 3a dusnyeckyo Mepy NOBpPeXAEHHOCTU MaTepuana w NPUHUMAIOT OTHOCUTENbLHYI0 06BLEMHYIO AOIH0
AedeKTOB B 9TANIOHHOM dnemMeHTapHoOM o6bemMe Matepuana:

w=%,Aw-%,w 2Aw; 0 <w<wy <1, (34)
f ¥

rae V —Tekyuias oobemHan aonsa aedekros, Vy— Kputuyeckas obbemHas [0ns, COOTBETCTBYIOLLAn 06paso-
BaHMWIO B JAHHOM 00beMe maTepuana MakpoCKOMMYECKON TPELLMHBI (NOSHOW NnoTepe HecyLuel cnocobHOCTH
marepuana B JaHHOM 3NIEMEHTapHOM OObLEME).

7.2 B kayecTse xapakTepucTUKuN, KOPPENUPYIOLLEN C SHepruen, satpadeHHon Ha obpasoBaHue aedek-
TOB MPU HECTALMOHAPHOM YNPYronnactu4eckomM AeOpMUPOBaHNM, UCNONb3YIOT paboTy W, Tensopa mukpo-
HanNpsHKeHUn Pj; Ha NacTU4eckmx aedopmMaumax ef

W, = Ip,-jde,.}’. (35

7.3 B MHXXEHEPHBIX pacyeTax B Ka4eCTBE IKBUBASIEHTHLIX HAaNPSXEHUi unu aecopMauuii, kak npaeuno,
peKkoMeHAyeTcs BbibupaTb UHTEHCUBHOCTU COOTBETCTBYIOLLMX TEH3OPOB:

- PR A = (PN A
0, =(0;0))" e, = (ej €)™, (36)
Uunn MmakCumManbHble KacaTenbHble (I'IpMBe,quHble) HanpsaXXeHus

gq1— 03 _©- 63
Tmax =~ 3 max =~ @7

7.4 Cneayet yunTbiBaTb CyLECTBEHHOE BAMSAHUE HA YCTanOCTHYIO JONTOBEYHOCTL XKECTKOCTU Hanps-
XEHHOTO COCTOSIHMS, XapaKTepU3yemMoro MHTEHCMBHOCTLIO TEH30pA HANPSXKEHWIA O, U €ro LWapoBoi (rMapo-
CTarn4ecKoi) KOMMNOHEHTON O

_ 011+ 020+033 _ Ojj
3 3 (38)

7.5 B kayecTBe napaMeTpoB XECTKOCTU HANPSXKEHHOrO COCTOSAHMA UCNONBL3YIOT nNapaMeTp B unu PyHk-

Luu oT B:

B= o, (39)
oo 22200]

7.6 B o6nactu ManoumknoBoW yCTanocTu nNpu OAHOOCHOM PacCTSHKEHUU — CXKaTUKM CKOPOCTb HaKonne-
HUS YCTanoCTHbIX NOBPEXAEHWII CBSA3aHa C HAKOMNNIEHHON B JAHHOM 00beMe marepuana aHepruen Wp, 3arpa-
YeHHOW Ha o6pa3soBaHue AepeKToB, AIKCMOHEHLNANbLHOW 3aBUCUMOCTbIO:

W= f(o,T)expr(oﬁ). (1)
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7.7 CneayeT yuuTblBaTh, YTO MNPU HEMNPOMOPLMOHANBLHOM LIMKIIMYECKOM HarpyXeHuu kputepuu (36), (37)
U KpMTEPUI SKBMBANEHTHBLIX AedopmaLiit Unn MHTEHCUBHOCTU AedopMauun e,

6, = (€))% = |(e; — 62 + (6, 092 + (65— &) * 42)

He ABMATCHA KPUTEPUSAMU SKBMBANEHTHOCTM U MOTYT NPUBECTU K HEKOHCEPBATUBHbLIM OLIEHKaM.

7.8 B pamkax nogxogos MIMNC npouecc HakoMneHus yCcTanoCTHbIX NOBpeXaeHunit 4o obpa3oBaHus Ma-
KPOCKONUYECKON TPELLMHbI CYUTAETCA COCTOALLMM U3 ABYX CTaaUN:

- cTaguy 3apoXKaeHus U pocTa nop, Npu KOTOPOI NOPbl HE B3aUMOAENCTBYIOT APYr C APYIOM; BNUSAHUE
NOBPEXAEHHOCTU Ha PU3UKO-MEXaHNYECKNE XapaKTEPUCTUKU MaTepuarnos OTCYTCTBYET, NPOAOIDKUTENBHOCTb
nepBoN CTaAKUM XapakTepu3yeTcs KONnMYeCcTBOM Lmknos N_;

- CTafuu PasBUTUS NOBPEXKAEHHOCTU NyTEM CRUSAHWUA 06pa30BaBLUMXCA MWUKPOMOP B MUKPOCKOMUYECKUE
TPELUMHBI, MPU KOTOPOIi HAbMIOAAETCA NPOrPECCUPYIOLLEE BIUAHUE NOBPEXAEHHOCTU HA (PUBNKO-MEXAHUYECKUE
XapaKTePUCTUKU Marepuarnos; NPOLOSDKUTENLHOCTb CTaANN XapaKTepU3yeTcs KonnvecTsom umknos (N — N).

7.9 lMpoaomKUTENLHOCTL NEepBoit cTaanu (uucno uuknos N,) Tem Gonblue, Yem MeHbLUe amnnuTyaa
aedopmMauui.

)= ovose o=

7.10 Ecnu nepecTtpouTb KpuBble W|— | B KPUBLIE W)

Ny Ne=N,
NOBPEXAEHNI TONBLKO HA BTOPOI CTaAuW, TO STU KPUBBIE CONMBbIOTCA B OAHY 0600LLEHHYIO KPUBYIO, XapaKTepu-
3YIOLLYYIO NPOLIECC HAKOMMEHUA YCTanoCTHLIX NOBPEXAEHUI AN BCEX aMMNUTYA.

7.11 O6LLyI0 CTPYKTYPY 3BOSOLMOHHBIX YPABHEHUI HAKOMNEHWS YCTanoCTHLIX NOBPEXAEHWIA B 9NeMEeH-
TapHoM 0Obeme MaTepuana criegyert NpeacTaBnaTb B BUAe:

(

, T.€. paccMaTpuBaTh NPoOLECC HAKOMNEHNS

0w =, gy f([3)z°(1 —w)~Tdz 43)
unu
Aw= pr( f(B)z°(1 - WAz, (44)
z=12z,+2,, dz = dz,+ dz,, (45)
Wo-Wa  _ We-W,
20T Wy, 2o T W - W, (46)
. <W,> . <Wg>
_ W = We>
<z,>= Wi ,<Zg> Wi W 47
I<pU ef P> AW = <p” ep>
(48)

W, = J<0 de >, AW, = <oijAe;;?>,

rae W, — 3HavyeHue Wp B KOHLE MepBoii cTaguu NpoLecca HaKOMNIeHUs YCTanocTHbIX NOBPEXAEHUHN, Wy —
3HaveHue W, COOTBETCTBYIOLLEE Npe/eny ycTanocTy, Wpfm W, — 3HaueHus 3Hepruin, COOTBETCTBYIOLME 06-
pa30BaHMIO MAKPOCKOMUYECKOW TPELLMHBI C XapakTepHbIM pasMepoM ~ 1 MM, Korga npoueccel MLLY u MHLY
pa3BMBAalOTCA U3ONUPOBAHHO, G U r — NapameTpbl marepuana.

7.12 B oBnactu MUY z, << z,, Z z,

7.13 B o6nactn MHLY z, = Tae z;

7.14 B nepexoaHoin o6nacm z onpenenﬂemﬂ BblpaXkeHneM (45).

7.15 BblpaxkeHne ans noBpeXaeHHOCTU UMEET BUA:

w=1- {1 —(a+ 1)ZIprf(ps)zﬂdz}1 N (49)

unun

=1- {1 ~@+ 1)2L|kafk(|3)z°‘<Azk>}1 (50)
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7.16 Opyroe Bbipa)keHUe A5 NOBPEXAEHHOCTU

1
w=1-[1-ya]=T, (1)
rae y = Az, "
(@ + D]u, 81z
e — 62
nnn
z e
(@+ D 2Wfi(B)2R<Az>
- (53)

Zz@+1)

7.17 Ons ny4eBbIX nyTen U30TEPMUYECKOro HarpyeHus (W, = 1, f(B,) = const, B, = const, T, = const)

A =B, ¥y = fiBrz. (54

7.18 Mpu uncrom kpyuenumn (f(B,) =1, B, = 0):

w-W,
= = —8Kp
Yo = Zxp W~ Warp' (55)
,
- N\ [P
w—1—1—(Nf) ] _ (56)

MpumeyaHue—YpasHeHue (56) cnpaBeAnvBo AN YaCTHOMO criyyas peryrnspHoro LIMKMMYECcKoro HarpyxeHus
(pacTspkeHne — cxatve). Ans atoro crnyyas B ypasHeHuu (51) napaMeTp y MOXeT ObiTb BbipaXeH Yepes oTpaboTaHHoe
KOMMYeCTBO LiMKIOB:

y=%. 57)

YpaBHeHue Ansa PerynsapHoro UMKNUMYeckoro HarpyxeHus (56) ABNAETCA YacTHbIM CMy4aeM ypaBHe-
Hus (51).

8 Kputepuin okoH4YaHUA cTaauun pasBUTUSA paccessHHbIX MUKPOMOBPEXOSHUI

8.1 B ka4yecTBe KpUTEPHUS OKOHYAHUSI CTaAuKU Pa3BUTUSE PACCEAHHbIX MUKPOMOBpPEXaeHi (06pasoBaHus
MaKpOTPELLUMHbI) MOXET ObITb MPUHAT KPUTEPUI NOTEPW YCTOWYMBOCTH NpOLIECca HAKOMMEHUSI NMOBPEXAEHUIA,
koraa npoussogHas dw/dy JOCTUraeT CBOErO KPUTUYECKOTO 3HAYEHUs!

ow _ féw
5[5k )

8.2 Mpu BbINONHEHUN kpuTepua (58) AanbHeulluee pasBUTUE MPOLIECCa NMOBPEXIAEHHOCTU 3aBUCUT OT
noBbIX cryyanHbiX PakToOPOB, U KOHTPONMPOBATL 3TOT NPOLECC HEBO3MOXHO.

8.3 Ycnoeue (58) npy O4HOOCHOM PaCTSXEHUN — CXaTUKU NPUOBAN3UTENBHO COOTBETCTBYET 3HAYEHUIO

w=w;=0,8. (59)

8.4 B 3aBMCMMOCTU OT CBOICTB Marepuarna U MHOFOOCHOCTH HaNPSHKEHHOTO COCTOAHUSA, YYUTLIBAEMOTO
thynkumeii f(B), w; MOXET NpuHMMaTL 3HayeHusi ot 0,2 no 0,8. Kpome Toro, marepuan MOXeT GbiTb paspyLueH
NPU HEKOTOPOM HANPSPKEHHOM COCTOSIHUM B YNPYroi 0Bnactu nocne HeKoTopol ucropun aedopMmpoBaHus
B nnacTuyeckoi obnactu, B pesynsrate KOTopoi Obina HakonneHa NOBPEXAEHHOCTb W < Wy ANa yyeTa 3Toro
obcroATenbcTBa HEOBX0ANMMO CHOPMYNUMPOBATL CUITOBOM KPUTEPUI MPOYHOCTU

o0, w, T) <0. 60)
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8.5 Mpu w = 0 kputepuin (60) COOTBETCTBYET HA4aNbHON NPeAeSbHON NOBEPXHOCTU HEMOBPEXKAEHHOTO
yCTanocTbio Marepuana, a npu w = w;— NpeaenbHON NOBEPXHOCTU NOMHOCTbIO NOBPEXAEHHOTo MaTepuana.
IMPOMEXYTOUYHBIM 3HAYEHUAM W COOTBETCTBYIOT NPOMEXKYTOYHbIE NOBEPXHOCTU (60).

8.6 KoHKkpeTu3aLus CUNOBOIro KPUTEPUA NPOYHOCTHU
8.6.1 PaspyweHnue matepuana HaCcTynaer npu ycrnoBuu

(1-20,+ %01 2 A, 61)
u 1

r8e %o(T) < % < 2(T), Xo(T) = (T, w = 0), x(T) = X(T, w = wp), Ay(T) = A(T, w = 0), A(T) = AT, w = wy),
0<yg<1.

8.6.2 MNpenensHoe cooTHoLeHue (61) y4uTbIBAET USMEHAIOLLYIOCS B NPOLIECCE HAKOMMEHMS NOBpexKae-
HUIA POnb 04 M O, MPU W — Wy, X, — ¥ < 1, YTO COOTBETCTBYET BO3PACTAHMIO POMU FMABHOTO PacTSArMBaloLLero
HaNPsHKEHUSA 0.

8.6.3 OGpa3oBaBLUAsCA TPELYMHA NpU BbINONHEHUN YCIoBUS (B81) NepneHANKyrsipHa HanpaBreHuIo Oy .
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KrntoueBble Crioa: NoBpexaeHHOCTb, ManoLMKNOBas yCTanocTb, 3BOMIOLMOHHLIE YPaBHEHUS, TEPMONIACTHY-
HOCTb, TEH30P HaMNPSHXKEHUN, MOBEPXHOCTb TEKYYECTH, YNIPOUHEHNE
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