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BeepeHne

B npouecce aKcnayaTauum MHOE 3/1IeMeHTbl KOHCTPYKLMI paboTatoT B yCIOBUAX MaslOLMK/I0BOI yCTa-
NocTu. Ha cTagum A0 3apoXaeHUs Y Pa3BUTUS MakpOTPELUHbI BbIAENAOT NEPUOL, CBSI3aHHbIN C U3MEHEeHNeMm
CTPYKTYPbl, 3apOXAEHVEM N HAKOMNEHNEM PACCEAHHbIX MUKPOMOBPEXAEHWIA.

B nocnegHvie rogpl 4N peleHuns 3agad, CBA3aHHbIX C pacyeToM SI0BPEeXAEeHHOCTU Mmatepuana, ycnew-
HO pa3BMBaeTCs HOBasi AVUCUMM/IMHA — MEeXaHUKa MoBPeXAEeHHON cpefpl, B paMmKax KOTOPOM NpeasioxeH psg
NMoAX0A0B K pacyeTy SIOBPeXAeHHOCTU.

K HacTosweMy BpeMeHn ChopMy/IMpoBaHbl 6a30Bble ypaBHEHWUSI TEPMOMNIACTUYHOCTI, NpeaHa3HaYeH-
Hble A/15 ONUCaHUSI OCHOBHbIX 3(PIEKTOB, YYeT KOTOPbIX HEOGXOAVM 4151 afeKBaTHOro MOAEMPOBaHUS Npo-
LIeCCOB HaKOM/IeHNs YCTa/IOCTHbIX MOBPEXAEHWA 1 pacyeTa MOBPEXAEHHOCTU Ha CTaauu A0 06pa3oBaHus
MakpogemekTa B KOHCTPYKTVUBHbIX 3/1IeMEHTaxX OTBETCTBEHHbLIX TEXHUYECKUX OGHLEKTOB Mpu TEPMOCUIOBBIX
HecTauMOHapHbIX HarpyXeHusx.

HacTosiwmii ctaHaapT paspaboTaH C Lefblo 06ecrneyeHns MeTO4MUECKON OCHOBbI NPUMEHEHUSI MEeTO40B
MeXaHUKN MOBPEXAEHHON cpeabl A1 pacyeTa aKCniyaTayMoHHOM NoBPeXAeHHOCT maTepuana getaneii u
KOHCTPYKTUBHbIX 3/1IEMEHTOB, MOABEPraeMbiX MasIOLMK/I0BbIM BO3AEACTBUSAM MPU CIOXKHBbIX TEPMOCU/IOBbIX
HarpyxeHusx.
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HALUMWOHANBbHBLIN CTAHOAPT POCCUNCKON PEOLEPALNMU

PacueTbl 1 UCNbITaHNA HA NPOYHOCTb
OMNPEAENEHUE NOBPEXAEHHOCTU CTANN NMPU MANOLUNKNOBOM HATPYXEHNN

o6wuro TpeboBaHuA

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

fata BBegeHns — 2017—10—01

1 06nacTb NpUMeHeHus

HacTtosawmiA cTaHAapT ycTaHaBnBaeT obLme TpeboBaHUSA K pacyeTHOMY MEeTOAY onpedenieHns Benu-
UYMHbI HAKOM/IEHHO 3KCMNJ/TyaTaluMOHHOM NOBpPeXAeHHOe™ cTa/lbHbIX KOHCTPYKTUBHbLIX 3/1eMEHTOB, NoABepra-
eMbIX MaJIOLMK/I0BbIM YCTaNIOCTHbIM BO34ENCTBUAM.

PernameHTUpyemblii HACTOSILLMM CTaHAAPTOM METO/, NO3BOJISeT Ha OCHOBaHWUM MOAXOA0B MEXAHUKN Mo-
BpeXAeHHO cpefbl caenatb OLEHKY YPOBHS 3KCM/lyaTaunoHHOV NOBPEXAEHHOCTU B 30HE KOHTPO/S MpUu mns-
BECTHbIX NapamMeTpax yCTaNloCTHbIX BO34eNCTBUIA.

HoMeHknaTtypa o6beKkToB, NOBPEXAEHHOCTb MaTepuasia KOTopbIX MOXeT ObITb onpegeneHa B COOTBET-
CTBWM C pernamMeHTVpyeMbIiM MeTOAOM, yCTaHaB/IMBaeTCA B TEXHUYECKOM 3aZlaHUN Ha KOHTPO/Ib.

2 HopmaTuBHbIE CCbI/IKK

B HacTosilwem cTaHAapTe MCMnofib30BaHbl HOPMATUBHbIE CCbI/IKM Ha crefylowme cTaHaapTbl:

FOCT 25.505 MeTogbl MexaHWYecKux UCNbITaHW MeTaslsiIoB. MeTof MCNbITaHUA Ha MaoLMKIOBYHO
YCTa/1I0CTb NPV TEPMOMEXAHNYECKOM HarpyxXeHumn

FOCT 25859 Cocyabl 1 annapatbl CTa/ibHble. HOpMbI U METOAbI pacyeTa Ha NPOYHOCTb NPU MasiOLUKII0-
BbIX Harpyskax

MpumMmeyaHue — Npy NONbL3OBAHUU HACTOSLLMM CTAHAAPTOM LENeco06pa3Ho NPOBEpPUTL AEACTBNE CCbIIOUHBIX
CTaHAapTOB B MH(DOPMALMOHHOMN cucTeme 06LLero nosib3oBaHUsi — Ha ogMLManbHOM caiitTe defjlepanbHOro areHTCTBa no
TEXHUYECKOMY PeryiMpoBaHuio 1 METPOSIOTN B CETU MIHTEPHET UK Mo eXerogHoMy UH(OpMaLMOHHOMY ykasaTenio «Ha-
LiMOHasIbHble CTaHAapPTbI», KOTOPbIV ONy6MKOBAH MO COCTOSHWIO HA 1 siIHBaps TeKyLUuero roAa, 1 no BbiMyckam eXemecsiy-
HOrO MHPOPMALMOHHOTO yKka3aTens «HaunoHanbHble CTaHAapTbI» 3a TeKyLWnii rog. ECnu 3amMeHeH CCbIoUHbI cTaHaapT,
Ha KOTOpbI faHa HeJaTUPOBaHHAs CCblIKa, TO PeKOMEHAyeTCs UCMO/b30BaTh AECTBYIOLYI0 BEPCUIO 3TOTO CTaHAapTa
C YYeTOM BCEX BHECEHHbIX B aHHYI0 BEPCUIO U3MEHEeHUI. ECnn 3aMeHeH CChINIoUHbIN CTaHAapT, Ha KoTopblii faHa faTu-
poBaHHas CCblfka, TO PEKOMEHAYETCS MCMO/b30BaTh BEPCUIO 3TOTO CTaHAAPTA C YKa3aHHbIM BbllLE FOAO0M YTBEPXKAEHUSA
(NpuHATKS). Ecnn nocne yTBepXAeHUs HACTOsILLero cTaHAapTa B CCbIIOUHbIN CTAHAAPT, Ha KOTOPLIN faHa faTupoBaHHas
CCbI/IKa, BHECEHO N3MEHEHNE, 3aTparMBaioLLee NosioXeHne, Ha KOTOPOe AaHa CCbi/Ka, TO 3TO NOJOXEeHUE pekoMeHayeTcs
NpUMeHsATb 6e3 yyeTa fJaHHOT0 U3MEHEHUs. EC/N CCbINIOYHbIN CTaHAapT OTMEHeH 6e3 3aMeHbl, TO NOJIOXEHNE, B KOTOPOM
[laHa CCblfika Ha Hero, PEKOMEeHAYEeTCsl NPUMEHSTL B YACTM, He 3aTparnBaloLLeii 3Ty CCbinky.

3 TepMuHbI, onpefeneHns U cokpalleHus

3.1 B HacTosAwWweM cTaHaapTe npumMeHeHbl TepMUHbI U onpegenenna no FOCT 25.505. TOCT 25859.
3.2 B HacTosAwem cTaHgapTe NpUMeHeHb! cneaytolne CoKpaleHuns:
MHLY — MHoroumkioBasi yCTasioCTb:
MIMC — mexaHuKa NoBpexAeHHON cpeabl;
MUY — manouukioBas ycTasioCTb.

N3paHue oduymansHoe
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4 O6uwKe NONOXEHMUSA

4.1 PekomeHAyeMblii HACTOAWMM CTaHAAPTOM a/IrOPUTM pacyeTa noepexaeHHocTn npu MUY 6asunpy-
eTCsl Ha UCMOJIb30BaHNM YpPaBHEHWIA TEPMONIACTUYHOCTH, ONUCbIBAIOLLMX OCHOBHbIEe 3h(heKTbl, yHeT KOTOPbIX
Heo6Xxo4MM AN afeKBaTHOro MOAE/IMPOBaHUsA MPOLLeCCOB YCTa/IOCTHOM NOepexAeHHOCTN matepuasna KoH-
CTPYKTUBHbIX 3/1IEMEHTOB NPU TEPMOCUNOBBLIX HECTaLMOHAPHbIX Harpy>XeHusXx.

4.2 YunTbIBalOT criefytolme npoLecchl, NpoTekaroLlne B matepuasie Npy HakoMIeHNN NoBPeXAEHWIA:

- MOHOTOHHOE W LUUKINYeckoe YNpoYyHeHMe Npu NPOnopUMOHa/IbHOM Y HEMPOMNOPLNOHa/IbHOM Harpyxe-
HUWN C y4EeTOM NepexoAHbIX LMKIMYECKMX MPOLLECCOB U CTabUIN3NPOBAaHHOIO LIMKINYECKOro NoBeeHna marte-
puana:

- N3MEHEHMe JI0Ka/IbHOM aHN30TPONUK NIACTUYECKOTO AedOPMMPOBaHUA (U3BMEHEHME MOoAYNs YNpou-
HEeHUA) B pe3y/ibTaTe BpalleHus rnaBHbIX N0OWaao0kK TeH3opa gedopManunii npn n3nome Tpaektopum gedop-
MUPOBaHUsA (M3MeHeHMe HanpaBNeHNA HarpyXeHus):

- HeM3oTepMUYyecKoe naacTunyeckoe gehopmmpoBaHne matepuasa npu pasNyHbIX 3aKkoHaxX U3MeHeHUs
TemnepaTypbl 1 MexXaHN4YecKoW gedopmMmaumu;

- Mporpeccupytollee n3MeHeHe MPOYHOCTHbIX U XECTKOCTHbIX XapakTepucTuUK mMatepuana B npouecce
HaKOM/IeHUs1 YyCTaSIOCTHbIX MOBPEeXAeHWI i Ha BTOPOI CTaAun pa3BUTUSA pacCcesiHHbIX N0 06 beMy MOBPEXAeHW
0,0 06pa3oBaHUA MakpoTpeLLUHbI.

5 OCHOBHblE ypaBHeEHNA TepMon1actu4yHoOCTH

5.1 TeH30pbl HanpsbkeHuii a;j n gechopmauynii er, packnagablBaloT Ha WAPOBYHO (TMAPOCTAaTUYECKYHO) 0. e
1N AeBNATOPHYH KOMMNOHEHTbI (0~) n (e~).

5.2 MpUHMMAatOT, YTO KOMMOHEHTLI iIeBMaTopa TeH3opa gedopmauunii e, n x npupaleHunii ge'(ssnswoTcs
CyMMOI1 ynpyrux eT 1 NacTUYeCKMX € * KOMMOHEHT:

AR M
Aey = Aey ¢ Ae. 2

5.3 Matepuan cumtaroT N1acTUYecku HeCKMMaeMbIM:

=< +B2+ (3)
J'IBI;?BO. (4)

5.4 BennyunHa ynpyroro nuameHeHnsi o6bbema OnncbiBaeTcsi COOTHOLLEHMNEM:

m
~ =30=3Be=8® + B + =B.. (5)

5.5 PaccmatpuvBaloT ynpyronsoTponHble Cpefbl, XapakTepnsyemblie 3aBUCAWLUMM OT TeMnepaTtypbl T MO-
nynem ynpyroctu HOHra E(T). koadpdhmumeHtom MyaccoHa v(T), 06beMHbIM MogysieM ynpyrocty K(7) n o6b-
eMHbIM mMopynem caura G(T).

5.6 AHM30TPOMNMIO YNPYrMX CBOWCTB, BbI3BaHHYO MPOLLECCOM HaKOM/IeHUS NOBPEXAEHWUI, HE YUUTbIBAIOT.

5.7 CBf3b Mexay HanpshkeHusimu (0.,) 1 YNpyruMn COCTaB/IAIoOWMMK TeH3opa gedopmaunii (e”) ycTa-
HaB/MBatoT Ha 6a3e ypaBHeHWU TepMOynpyrocTu:

0 =3K{e- a(r- 70)], (6)
NK
na =3Klne - a(a7)] + — o. U]
o] = 2Gep, (8)
- . Y2
fei, = 2Glers + ©

roe a — Koam@UUNEHT IMHERHOTO PacLUMpeHns, ABSIOWMIACS PYHKLMeRn TeMmnepaTypbl.

2
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5.8 Ha ocHOBaHUN rnnoTe3bl KNHEMAaTUYECKOTO 1 U30TPOMHON0 YNPOYHEHWSI MOBEPXHOCTb TeKy4vecTn FpB
NpocTpaHCTBE AEBNATOPOB HaNpshXeHWi NpeacTaBnstoT cdpepoii ¢ pagnycom Cp 1 KoopAvHaTamMu LeHTpa py
(TEH30p MUKPOHANPSKEHWNIA):

Fp=(0o”-p,;)(0V-pv)-C2 =0 (10)
nnn
(W -V 0;Sr V P#- <11>

5.9 CorsiacHO accouMmpoBaHHOMY 3aKOHY TEYEHUS1 CUMTAKOT, YTO

12

5.10 MPUHXMAIOT, UTO pPasuyc NOBEPXHOCTU TEKYUECTU N3MEHSETCA B 3aBUCMMOCTU OT NpupaLleHus a*

A/MHBI AYTU X, TPAEKTOPUK MIaCTUYECKOTo AehOpMUPOBaHNS 1 NpUpaLleHnst TemnepaTypbl cieaytowmm o6-
pasom:

nCp* V * H(Fp)* QAT + a«(Q* “ Cp)AXr(Fp) + nCor (13)
rae Cp = Cp0 ¢ XnCp,

DJ+(1-A) o (14)
(16)
rAp)=1-H(Pp).NX=(-|-OAe,™) Nl 1n

r,qe wy = <l'1 ngﬁ’é)(aoommg\’ﬁ%p;\o
%n c X = (18)
(19)

BC)”V' ir'O. ZB.;;\ABY) o om (W 7

5.11 B ypaBHeHUn (13) NepBblii YeH ONUCbIBAET M30TPOMHOE YNPOYHEHME B pe3ysibTaTe MOHOTOHHOIO
nnactuyeckoro gecpopmmpoBanms (H(Fp) = 1 n T(FO) = 0). BTOpoii YneH — U3MeHeHWe paguyca NoBEepPXHOCTH
TeKy4yecTu Npu M3MeHeHUW TemnepaTypbl, TPETU uYneH OnNucbiBaeT LMKINYECKOe YMNpPo4YHeHue matepuana
(H(Fp) =0 n T(Fp) = 1). nocnegHnii YUneH onMcbIBaeT BOCCTaHOB/IEHME (BO3BPAT) paguyca NoBEPXHOCTU TEKY-
YeCcTU B YCNIOBUAX BbICOKOTEMMNEPATYPHOWN BbIAEPXKKM (OTXKUT).

5.12 Moaynb U30TPOMHOIo YNpoYHEHUsA (14) yuntblBaeT n3aMeHeHve N30TPOMHOro yNpoYHeHNs marte-
pvana B 3aBUCMMOCTW OT Hanpas/ieHus AedopMUpPOBaHUS B faHHOW Touke Tpaektopun M — yrna 0 mexay
BEKTOPOM MnpupalleHus gesnaropa gecopmauymn (ge-,). MMeOLWNM HanpassaoLue KOCUHYCbI NME 1 HOPMasibio
K MOBEPXHOCTU TeKy4ecTu B TOUke M. onpegesisiemoli HanpasAsoWMMN KOCUHycammn n*.

5.13 Mpw nponopLuoHasibHOM HarpyxeHun 0 = 0, cos0 = 1, A = 0. g = o rae MOoAyNb N30Tpon-
HOro ynpoyHeHns maTepuasna npyv o4HOOCHOM pacTsXeHun obpasua.

5.14 Mpwv HenpornopuuoHasIbHOM HarpyXeHuu ¢ yrsiom 9 = (BekTop [e~ nepneHAVKyNspeH HopMann

K NOBEPXHOCTU TeKy4YecTn B Touke HarpyxeHuss) A= 1. = (ff rae qc— mogynb ynpoyHeHVs Npu HarpyxeHun
Nno KacaTesIbHOM K NOBEPXHOCTU TEKYUYECTU («HENTpasibHOE» HarpyxeHue).
5.15 B cpopmyne (15) o1 LUKINYECKOTO N30TPOMHOIo YNPOYHEHUS NPU LUKINYECKOM NPonopLmoHasib-

HOM HarpyxeHun 0 = On O3 = Oun Npu UUKINYECKOM HENPOMNOopUMOHasIbHOM HarpyxeHun 0 = — . Q, = Qc,

3
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O, n P20 E£d <1,0E£ P2 1) — napameTpbl, NO3BONSAOLME KOPPEKTMPOBATL BAUAHWE Mogdyneii  qc Q
1 QCHa U30TPOrHOE YNPoYHEHVe MaTepuana.

5.16 MNpw cTauMoHapHOM LMK/IMYeckoM AeddopMUpOBaHUM MaTepuana ¢ NOCTOAHHOM amnauTyaol ae-
popmaumm n T - const (pmax = const, Cp(Fp) = 0, IN(Fp) = 1. Os = const) paguyc noBepxHocTn Tekyyectn Cp
cTpemMuTcs K Qs = const n napameTpbl NeTN rmcTepesnca CTPEMATCA K CBOEMY CTaLMOHAPHOMY 3HaYeHUIO,
onpegensieMomMy 3HauyeHVeM Qs. KOTOpPOe 3aBUCUT OT TeKyLMX 3HaveHuii T n pmail.

5.17 3BONIOLMOHHOE YpPaBHEHME /151 U3MEHEHMS KOOPAMHAT LieHTpa NOBEePXHOCTN TeKyyecTu (TeH3opa ph)
nmMeeT BUA:

Apv =g, nef - 420 * - ATp. < [T > ¢ gorp” (20)

roe 4, v A2 — MoAynu KMHEMATUYECKOro YNpOUYHeHWs, siBAstowmecs yHKLUSMU Temnepatypbl. Moaynb g,
onpenensieT nepemMelleHne LIEHTpa NOBEPXHOCTU TEKYYECTU B pe3ysibTaTe MnpupalleHusi TeH3opa nnaactuue-
ckux gecopmauuii AB?, Mofynb A2 — ero nocTeNeHHyr penakcauuio (npv [e? = 0 KoopAvHaTbl LeHTpa p..
CTPEMSITCA K CBOEMY Ha4ya/lbHOMY HY/IEBOMY 3HAUEHUHO).

5.18 MoZy b A4, TONUCLIBAET M3MEHEHWE KOOpAMHAT LieHTpa NMOBEepXHOCTW TEKYUYECTU B CBA3M C MOBbI-
weHvem Temnepatypbl T:

_ ne
aT= pAT: por 7% @h
ALT=0npn aTnoO. (22)
APn = "4PAPAP ‘ »2PTX/IX- 9rPm« < AT > - gorp,, (23)
5.19 CooTHoweHua (16. 17. 23) onpenensitoT U3MeHeHne paguyca NoBepxHOCTU TEKy4ecTu U No3BO-

NS0T aBTOMaTUYEeCKN OTAENIUTb LUK/INYEeCKOe HarpyXeHne oT MOHOTOHHOTO C Nomolbo onepatopos H(Fp)
nr(ly.

6 PeKOMEHAVEMbIe pacdyeTHble Mmoagesnn

6.1 N30TponHOe ynpo4yHeHne

6.1.1 NMpupg, =a2=9r ~9T =0 B (2°) U p, = 0 MMEET MeCTO C/lyyail YNCTO N30TPOMHOIO HesSINHERHOro
YNPOYHEHMUSA, ONUCbIBAEMOro ypaBHeHneM (13), (npu atom H(FpP) = 1 n uuknnyeckoe ynpoyHEHME Takxke He
YyUUTbIBAKOT).

6.1.2 Ecnu B (14) 1 (15) b, = 0 u 2 = 0. TO U3MeHeHNe N30TPOMHOIO N KMHEMAaTUYECKOro YNPOYHEHUS
npu HeMponopLMoHasibHOM AetOpPMUPOBaHMM He yunTbiBatloT: gX = %a Os= O (KMHemaTuuyeckoe 1 M30Tpon-
HOe yNpoYHeHne, COOTBETCTBYIOLLEE AMarpaMme OfHOOCHOIO PacTsKeHUs maTtepuarna).

6.1.3 Ecnm ogx 5 const, TO ONMCbIBAIOT JIMHENHOE N30TPOMHOE YNPOYHEHME.

6.1.4 Ecnn gx = 0, TO onucblBaloT UAeaslbHO MIACTUYECKN i MaTepuan ¢ NOCTOSIHHOU NOBEPXHOCTLIO
TekyyecTtun Cp = Cp0.

6.2 KuHemaTuyeckoe ynpodHeHune

6.2.1 Mpnogx=qc=gT=ay=0 B (13) MMeeT MeCTO C/ly4ali YNCTO KNHEMATUUYECKOr0 HENIMHENHOIo YNpoY-
HEHWA. ONNCbIBAEMOro ypasHeHuem (20).
6.2.2 Ecnn a2=0 n g, = const, nmeeT MecTo cay4ali IMHENHOIN0 KNHEMATUYECKOrO YNPOUYHEHUS.

6.3 Mogenb J.L.Chabocho (CHAB)

6.3.1 OcHOBHble ypaBHeHUsa mogenn CHAB vmetloT Bua,
- YpaBHeH1e NOBEePXHOCTUN TeKyYeCcTu:

F=]i(S #- aVy(Sv- a;)]N1- R=0; (24)
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- ypaBHeHue A/19 N3MEHEeHUs pagnyca noBepXHOCTN TeKyUYeCTu:
R =k + RgEP + 4,(1 -<T :£p), (25)

AR =RO&IP +R, be btPAZP = (RO + Ri be b*p)ASP. (26)

- ypaBHeHne 4515 3BOSIOUMM LEEHTPA NOBEPXHOCTU TeKyUecTu

2 1 dCi
no-3Cle*- Y/Cx~+c.aTA9, (27)
S, - °oxmPyn  MERX A o R*JT cP:*:JT \% (28)

MpumeyaHne — YpaBHeHus (24 — 28) ABNAOTCA YaCTHbIM CllyyaeM ypaBHeHUid (8 — 23) n onucbiBalOT He-
NIMHeiHOe KNHEMATUYECKOE M U30TPOMHOE YNPOUHeHUe 6e3 yyeTa LMKINYECKOr0 YNPOUYHEHNS NpU

d =(RO* R.berb<p+C , mgv Y, =92,/=1. (29)

6.3.2 Cnepyet yunTblBaTb, YTO YNPOYHEHME MPU MOHOTOHHOM [edOPMUPOBaHNN HOCUT Kak KUHeMatu-
YeCKUii. TaK U U30TPOMHbIN XapakTep; pagnyc NoOBEPXHOCTU TEKyUYeCTU MOXET Kak Bo3pacTaTb (YNpOYHeHMe),
Tak 1 ybbiBaTb (pasynpoyHeHue).

6.3.3 Moay b YNpOYHEHUS 3aBUCUT OT Hanpas/ieHUsi BeKTopa AOrpy3ku B TOUKE HarpyXXeHus Ha nosepx-
HOCTU Teky4ecTu (OT yrna 0 mMexay BekTopamu S,, v fe..).

6.3.4 Mpn HeNPOMOPLMOHA/IBHOM LIMK/INYECKOM Harpy>XeHUn BO3HUKaeT AOMOIHUTENIbHOe LIMK/InYeckoe
yNpoyYHeHWe Mo CPaBHEHWIO C MPOMNOPLMOHASIbHLIM LIMK/IMYECKNM Harpy>XeHueM C TOW e WHTEHCUBHOCTbIO
aMnnTyabl gedopmanuii.

6.3.5 MNepexoAHble HeCcTaLMOHapHbIe LMKINYECKMe NpoLecCbl B OCHOBHOM 3aBUCSAT OT M30TPOMHON Ya-
CTW YNpOYHEHMS.

6.3.6 M30TponHOe yrnpoyHeHWe (3BONIOLMA paguyca NnoBepxHOCTM TekyvecTn Cp) cCOCTOUT U3 Tpex Tu-
NOB: MOHOTOHHOE, LMK/IMYecKoe MpomnopLmnoHasibHOe, LMKIMYeckoe HenmponopLoHabHoe.

6.3.7 MapameTpbl CTabUIN3NPOBAHHON MNETNM rmcTepesnca B OCHOBHOM He 3aBUCAT OT MecTa cTtabu-
nusaunmn netv, npedbigyleli NCTOPUN LMKINYECKOro AetpopMMpPOBaHUS 1 ONpeaesisatoTCA NHTEHCUBHOCTBIO
amMnAnTyabl gecpopmaunii (BennunHon prtax B (23) n napameTpaMmy HeMPOMOPLNOHA/TBHOTO LMKINYECKOro Ha-
rpyxeHuns (yrnom 0 n napameTtpom J1).

6.3.8 3aKOHOMEpPHOCTU LMK/IMYECKOro feopMUpoBaHna B CTabWIM3MPOBaHHON MeT/ie B OCHOBHOM
onpegensaoTca aHN30TPOMHOW YacTblo YNPOYHEeHUs (IBOMOLMEN pY); 3aKOHOMEPHOCTM aHN30TPOMHOrO YNpoy-
HEHUA A/11 MOHOTOHHbIX U LIMK/TMYECKMX NPOLLECCOB MOTYT ObITb pas/inyHbl.

6.3.9 MNpwn XeCTKOM LUKINYECKOM Harpy>XeHUn 1 HavyaslbHOW aHM30TPOMMM MO aMnANTYAe HamnpsHKeHWi
B MOMyLMKIaX PacTsHXKEHUS U CKaTusl HablogaeTcs penakcauns cpeaHnx HanpshkeHni umMkna Ao Hyns 3a Ko-
HEeYHOe YNC/I0 UMKIO0B (pefiakcaums cpefHuX 3HauyeHnin py).

6.3.10 3aKOHOMEPHOCTN UMK/INYECKOrO AepOpMMPOBaHUSA OMUCHLIBAIOT MPU MOMOLLWN 3BOJTHOLMOHHBLIX
ypasHeHuit (13 — 23) ana ACp v Opy.

6.3.11 Ha BTOpOI1 CTaguMM npoLecca HaKoM/eHUs paccesiHHbIX M0 06beMy YCTa/IOCTHbIX JloBpexeaeHui
HabnaaeTcsa BAUSAHME NOBPEXAEHHOCTU Ha PU3NKO-MeXaHUYecKe XapaKTepuCcTUKn martepuana. B nepsom
NPUGAMXEHNIN 3TO B/IMSIHNE MOXET ObITb Y4TEHO Ha 6a3e KOHLenuun Aerpagmpytoliero KOHTUHyyma BBefeHu-
eM 3hPeKTUBHbIX HaNPSXXeHUR

5 1-vy (30)

nn adhpeKTUBHbBIX MOAY/EN ynpyrocTtu
E=E(1- an), G =G(1 - w). K =K(1 - w). (31)
6.3.12 3OhheKTUBHYO BHYTPEHHIO NEepeMeHHy0 p onpeaensaioT creqyowmm obpasom:

~ 1-co'’ (32)
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6.3.13 [omkHa 6bITb CKOPPEKTUPOBaHa ynpyras 06/1acTb A0MNYCTUMbIX COCTOSIHUI MaTepuana, onpege-
nsemas NnoBepxHOCTbIO TEKyYecTU. 3aBMCUMOCTb NOBEPXHOCTN TEKYUYECTU OT HaKOM/IEHHOW NOBPEXAEHHOCTH
ornpegenseT pasBuUT1e NPoLECccoB NNACTUYHOCTU NOBPEXAEHHOro MaTepuana:

(33)
rpe uipf * 0.8.
7 Bba3oBble 3BOJIOLNOHHbIE YPABHEHUS HAKOMNIEHUA MOBPEXAEHWUN
B KOHCTPYKLMNOHHbLIX MaTepunanax
7.1 3a h3nyeCcKyr0 Mepy NOBPEXAEHHOCTY MaTepuana W NpMHUMAaT OTHOCUTE/IbHYI0 06 BEMHYHO 00
[edeKToB B 3TaA/IOHHOM 3/IeMeHTapHOM 06beme mMatepuana:
Y, AV
bl =—-, All=— .10=2,A0j;0 5w <.bi( 5 1. (34)

raoe V— Tekylwan o6beMHasn fons gedektoB. V,— Kputunyeckas o6bemMHasa 015, COOTBETCTBYOLas o6paso-
BaHWIO B JaHHOM O6beMe MaTepuasia MakpoCKOMMYecKol TpeLnHbl (NoNHOM noTepe Hecylleli cnocoGHOCTU
mMaTepuana B AaHHOM 3/1leMeHTapHOM ob6beme).

7.2 B kauecTBe XxapaKTepuCTUKN, KOppenupytolleli ¢ aHepruen, 3aTpaydeHHol Ha obpa3oBaHue gedek-
TOB NPV HeCTaLMOHapHOM YnpyronsacTuiyeckom AedopmMupoBaHnm, 1Ucnonab3ytoT paboty Wp TeH3opa MUKpO-
HanpsxeHuii p- Ha niacTuyecknx gecopmanmsnx eff:

W = dg.cte?. (35),

7.3 B MHXEHepHbIX pacyeTax B KAYeCTBe 3KBUMBA/IEHTHbIX HANPSHXXEeHU nnu gechopmMaumii, kak npasmio,
pekomeHAayeTCst Bbl6MpaTbh MHTEHCUBHOCTY COOTBETCTBYIOLLMX TEH30POB:

(36)
UM MakcMMasbHble KacaTesbHble (MPUBELEHHbIE) HaMNPsKeHNUS
_01-03 _ em-&3 37
ATax 2 " mx~ 2 37
7.4 CnepyeT yunTblBaTb CYLLECTBEHHOE BMMSIHME HA YCTa/IOCTHYIO [O/ITOBEYHOCTb XECTKOCTM Hanpsi-

XXEHHOrO COCTOSIHMS, XapaKTepu3yemMoro MHTEHCMBHOCTbIO TEH30pa HanpshkeHuii an n ero waposoit (rmgpo-
CTaTU4YeCcKO) KOMMOHEHTO O:

Oy +P22 +°33 Qar
o="" - (38)
3 3 m
7.5 B KauecTBe NapameTpoOB XECTKOCTU Hamnps>KeHHOro COCTOSAHUA MCNOMb3YHOT napameTp Buau yHk-
umn ot 3

(39)

(40)
7.6 B o6nactu mMasnouuk/ioBOW yCTanocT Npy OAHOOCHOM PacTSXeHUN — CXaTun CKOPOCTb Hakomnne-

HMS1 YCTaNOCTHbIX MOBPEXAEeHUiA CBsi3aHa C HaKOM/IEHHOW B 4aHHOM 06beMe MaTepuana aHeprueid Wp, 3aTpa-
YeHHOI Ha obpa3oBaHue AeheKTOB, IKCNOHEHLNA/IbHOW 3aBUCUMOCTbIO:

w = /(0.7)expWyo2). (41)
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7.7 CnepyeT yuuTblBaTh, YTO NPY HEMPOMOPLNOHANIbHOM LIMK/IMYECKOM HarpyxeHun kputepum (36). (37)
M KpUTEPUI 3KBUBAJIEHTHbIX AechopMaumii M MHTEHCUBHOCTU Aechopmauunii BU

o*)* =[(*, - e2)2+ (B2- OB)2 + (B3- e,)]* (42)

He ABNAKTCA KPUTEPUAMUN IKBUBAEHTHOCTM U MOTYT NPUBECTUN K HEKOHCEPBATMBHbIM OLLEHKaM.

7.8 B pamkax nogxogos MIC npouecc Hakon/eHUs YCTa/IOCTHbIX MOBPEeXAeHWi A0 obpa3oBaHMsa Ma-
KPOCKOMNYECKOW TPeLMHbl CHMTAeTCA COCTOSALUM U3 ABYX CTafuii:

- CTaAumn 3apoXAeHna 1 pocta Nop. NpyY KOTOPOU Nopbl He B3aMMOAENCTBYIOT APYr C APYrOM; BAUSHME
NOBPEeXAEHHOCTU Ha (DU3NKO-MeXaHNYEeCKME XapaKTEPUCTUKN MaTepurasioB OTCYTCTBYET, MPOAO/IKNTENTIbHOCTb
nepBoO CTafun XapakTepusyeTcsl KOJIMYeCTBOM LMKI0B Aa;

- CTagun pasBUTUSA MOBPEXAEHHOCTU NyTeM CAUSHMSA 06pa30BaBLUMXCA MUKPOMOP B MUKPOCKOMNUYeckune
TpeLmHbl, NpU KOTOPOI HabnwaaeTca nporpeccupyrollee BANSHUE NOBPEXAEHHOCTU Ha IN3UKO-MEXaHnyeckme
XapaKTepuCTUKN MaTeprasioB; MPOAO/HKMTENIBHOCTL CTaAun XapakTepusyeTcsl konmdectBom umknos (J1,- NJ.

7.9 MpoAo/MKNTENBLHOCTL NEPBOI cTaamm (Yucno umkios Na) Tem 6onbliue, YeM MeHbLUe aMnanTyaa
nedopmauuii.

N-Na

7.10 Ecnu nepecTpouTb KpuBble B KpvBble W|— _— |. T.e. paccMmarpuBaTtb NPOLECcC HaKomnieHns
noBpeXxaeH TONbKO Ha BTOPOI CTaAnKn, TO 3TN KPUBbIE COMbIOTCA B OAHY 0606LLEHHYIO KPUBYIO, XapakTepu-
3YyHOLLYHO MPOLIeCC HaKOMMEHNST YCTaNIOCTHbIX NOBPEXAEHW ANA BCEX aMMIUTYA,

7.11 O6Lyt0 CTPYKTYPY 3BO/TIOLMOHHbIX yPaBHEHWNIA HAKOM/TIEHUSA YCTaIOCTHbIX MOBPEeXAEeHW! B 3/1eMeH-
TapHOM 06beme maTepuana crefyeT NpeacTaBnAaTb B BUAE:

chix,” A Lr+1)>7 ) 2<,(1  w) 'dz (43)
wm

Ouw= oy (+if W W - U) raz. (44)
z—z, *eZ 1 dz = dz‘51+g2,,; (45)
z= = (46)
e WE g We “7)

D <Wpl-W a>- * <Wef-Wy>

Wp = fayfe,?>. nWp=<P/ef>.

(48)

= JOjde?f>. = <0,,4e">.

rae Wa — 3HavyeHne WP B KOHLEe NepBoi CcTafguu npouecca HakomnaeHus yCTasloCTHbIX noBpexaeHunii. Wy —
3HaveHune Wgl cooTBeTcTBYtOLWEE Npegeny yctanoctu. Wpfu Wpf— 3HaueHunsi aHepruii, cooTBeTCcTBYOLME 06-
pa3oBaHMI0O MaKpPOCKOMUYECKO TPeLMHbI C XapakTepHbIM pa3Mepom - 1 MM. korga npoueccbl MUY n MHLY
pasBmMBatoTCA U30IMPOBaHHO, & N I— napameTpbl MaTepuana.

7.12 Bobnactm MUY ze« z z*z .

7.13 Bobnactm MHUY zp=0, z = zc.

7.14 B nepexofHoli obnactu z onpegenseTcsa BblpaxeHuem (45).

7.15 BblpaxeHune AN NoBpexaeHHOCTU UMeeT BUA;

U=1_1jl _(@+1~ mW )A=*1 (49)

1 _{l _(a+ Dipw(0)re<Az*>| . (50)
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7.16 [pyroe BblpaxeHne 418 NOBPEXAEHHOCTH

w=1_T[i _y°n]— (51)
roey - Ar,
A= 2<a*1) (52)
wnm
A - (> (53)

7.17 [ns nyyeBbIx NyTel N30TepMUYECKOro HarpyxeHus (dwp= 1. [g(PJ = const, pA= consf. Tk = const)

(4>
7.18 TMpw ynctom kpydeHuu (TP = 1, pa= 0):
KO =2tp g nprone (55)
n
(56)

MpumeyaHue — YpaBHeHue (56) cnpaBeAsIMBO 419 YACTHOTO C/lyyasi PErYISPHOTO LMK/NYECKOTO HarpyXeHus
(pacTsixeHue — cxatue). [1ns aToro cnyyas B ypaBHeHun (51) napameTp y MOXeT 6biTb BbipaXeH Yepes oTpaboTaHHOe
KO/INYECTBO LMKIIOB:

(57)

YpaBHeHWe NS PerynsapHoro LUMKINYecKoro HarpyxeHus (56) ssBNseTca 4acTHbIM cllydyaemM ypaBHe-
Husa (51).

8 Kputepwuii oKOHYaHUA CTaAMN Pa3BUTUA pacCesHHbIX MUKPOMOBPEXAEHWI

8.1 B KayecTBe KpMTepusi OKOHYaHNA CTaAnKn pasBUTUS PacCesHHbIX MUKPOMOBPeXAeHUii (0bpasoBaHns
MaKpOTpeLLHbl) MOXET ObITb MPUHAT KpUTEPUI NOTEPU YCTOMUMBOCTM NpoLiecca HakomnIeHNs NoBpexXaeHin,
Korga npovnssogHas [bl/Ay AOCTUraeT CBOEro KPUTUYECKOrO 3HAYeHUs

(58)

8.2 Mpu BbINONHeHUU Kputepus (58) JanbHeliwee pa3BuTME MpoLecca NMOBPeXAEeHHOCTU 3aBUCUT OT
N06bIX CAyYaliHbIX )aKTOPOB, Y KOHTPO/IMPOBaTbL 3TOT NPOLLECC HEBO3MOXHO.
8.3 Ycnosue (58) npy 04HOOCHOM PACTSHKEHUU — CKaTUKN NPUGIN3NUTENIbHO COOTBETCTBYET 3HAUEHUIO

w « co, » 0.8. (59)

8.4 B 3aBMCMMOCTM OT CBOICTB MaTepuasa U MHOrOOCHOCTU HanpshKeHHOro COCTOSIHUSA, YUYUTbIBAEMOrO
dyHkumeli f(P), u>, moxeT npuHUMaTh 3HaveHus oT 0.2 o 0.8. Kpome Toro, marepuan MOXeT ObITb paspyLueH
npn HEKOTOPOM HamnpshXeHHOM COCTOSIHUW B YNPYroii 061acTi nocsie HeKOTOPOW ncTopun AetopMupoBaHns
B M/1lacTMyeckol obnacTu, B pe3ysibTaTe KOTOPO 6blna HakomneHa NoBPeXAeHHOCTb W < W/l1[ns yyeta aToro
06CTOATENIbCTBA HEO6XOANMO CHOPMYIMPOBATL CUI0BOM KPUTEPU NPOYHOCTYU

<D(ov. w, 7) < 0. (60)
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8.5 Mpun o» = 0 kpuTepwuii (60) COOTBETCTBYET Haya/IbHON NpeaesibHOM NMOBEPXHOCTU HEMOBPEXAEHHOIO
yCTasIoCTbio MaTepuana, a npu W = W ,— npenesibHON NOBEPXHOCTU NOSTHOCTBLIO MOBPEXAEHHOIO MaTepunana.
MPOMEXYTOUYHbIM 3Ha4YEeHUSIM LI COOTBETCTBYIOT MPOMEXYTOUHble MOBepxHOCTH (60).

8.6 KoHKpeTu3aLumna cUI0BOro KpUTEPmUs NPOYHOCTU

8.6.1 PaspylleHne maTtepuana HacTynaeT npu ycnosum
<1“X>a., +JPi*A* 61)

rae £,(F) £x £X,(M), £,(7) = X(, w = 0), X,(F) = X(T. o =co,). A)T) = A(T, c0=0). A,(T) = A{T, w = co),
0£ XE1L.

8.6.2 MpepenbHoOe cooTHOLEHME (61) yuMTbIBaeT N3MEHSIOLLYIOCS B NMpoLecce HakomnaeHus noBpexae-
HWIA ponb O, 1 aw: Npu co-4 cd/1X -» X, £ 1. YTO COOTBETCTBYET BO3PACTaHUIO PON NTABHOTO pacTArnBatoLLero
HanpshkeHns ov

8.6.3 Ob6pasoBaBLUasiCs TpeLlnHa Npu BbINOMHEHUN ycoBUA (61) nepneHanKyNspHa HanpaBeHUo or
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