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B mpouiecce MUKIMUECKOTO HArpysKeHus, MOCTENEHHOE HAaKOIUIEHHE Ae(PEKTOB KPUCTATITUIECKOTO
CTPOEHHMSI, UX pacHpeleseHne IPUBOAAT K JOCTHKEHUIO YCIOBUM (popMHpOBaHUS odara pa3pylieHus
MeTajinyeckoro Marepuana. [Ipu 3TOM, CKOpOCTh HAaKOIMJIEHHUS Ae(PEKTOB KpPUCTATLTUYECKOTO
CTPOEHHS U, BIIPEBYIO OUepeab OUCIOKALUN, Hayano (OpMUPOBaHUS CyOCTPYKTYpHBIX 00pa3oBaHUil,
TaKUX KaK CTEHKHU (PparMEHTOB M JUCIOKAIIMOHHAS SYEHUCTask CTPYKTYpa B OTACNbHBIX, OJaronpusTHO
OpPUEHTHUPOBAHHBIX OTHOCUTEIBHO JIEHCTBYIOIMIMX HANPSKEHUH 3epHaX, MOXKET PacCMaTpHUBAaThbCs Kak
Hayalo WHKYOallMOHHOTO TMepHoja mpolrecca paspymeHus Metamia [1]. M3 MHOrouncieHHBIX
0oOBSICHEHUH Tpoliecca 3apOXKACHUS Ovara yCTaJIOCTHOIO Pa3pyLIEHHs] HIMPOKOTO pacHpOCTpaHEHUs
MOJIYyYMJI MEXaHU3M, OCHOBAaHHBIH Ha BO3HUKHOBEHMHM CTYNEHbKM B MECTE€ BBIXOJA MOJIOCHI
CKOJIB)KEHUS HA TTOBEPXHOCTh m3nenus [2]. Ha ocHOBaHMM 3TOTO, IOCTENIEHHOE HAKOIUICHHE J1e(DeKTOB
KPUCTAIJTUYECKOTO CTPOCHHUS BOJMU3U CTYNEHEK A0 MpeAeibHO TOMyCTUMOW KOHIIEHTPAIMH, CIeAYeT
CUUTATh OJHOW M3 OCHOBHBIX MPHUYWH, MPUBOIAIIUX K (OPMHUPOBAHUIO MUKPOTPEIIHHBI. Y UYUTHIBAS,
YTO pa3Mep 3epHa A OAHO(DA3HBIX CIUIABOB M HHU3KOYIJIEPOJUCTBIX CTaJIel SIBISIETCS OCHOBHBIM
CTPYKTYPHBIM 3JIEMEHTOM [3], CKOPOCTh HAKOIUIEHUS Ne(EKTOB BHYTPEHHETO CTPOCHUS B METAJLIE 32
LUKJI HAarpy>keHusi OyJieT Hen30exHO ONpeeNAThCs YKa3aHHON XapaKTepUCTUKON U 3aBUCUMOM OT Hee
IJIOTHOCTBIO TIOJBUMXKHBIX JUCIOKalui. VI3BeCTHbIE CBUIETENBCTBA HEOJHO3HAYHOCTH BIIHMSHUS
pa3Mepa 3epHa Ha pa3BUTHE IMIPOLIECCOB YCTaJOCTH, YacTO OOYCIOBIEHbI HEOIMPaBAaHbIM
OTOXJECTBJICHUEM IMIOBEJCHUS METAUIMYECKUX MATEpUAJIOB MPH CTATUYECKOM U LHUKIMYECKOM
Harpy KeHHUsX.

Heabr paGorsl. llenpio paboOThl SBUIOCH OILEHKA IUIOTHOCTH TMOJABIDKHBIX JUCIOKAIMA TIpU
LUKJIMYECKOM HarpyK€HUH HU3KOYTIEPOJUCTOMN CTAIIH.

MarepuaJj u MeTOAMKA MCCJIe0BAHMI.

B kauectBe marepuana Juisi MCCIEIOBAHMS MCIOIb30Bajach HU3Koyriepoauctas ctainb ¢ 0,1%
yraepoaa. PaznudHeiii pazMep 3epHa (eppuTa JOCTUTANM 32 CUET M3MEHEHHsI BETUYHMHBI XOJIOIHOM
IJIaCTUYECKOM AegopMmanu M TeMmmepaTypbl OTXKHUra. MUKPOCTPYKTYPY CTajld HCCIEIOBAIU IOA
CBETOBBIM MHKPOCKOIIOM. Pa3mep 3epHa oInpeaensiav, HCHOJIb3ys METOJUKH KOJIMYECTBEHHOU
MeTtayuiorpaduu. VcnbiTaHuss Ha yCTalOCTh MPOBOAMIIM HAa HCHbITaTelbHON MammHe «CatypH-10»,
IPU CXEME HArpy>KeHHs - CHMMETPHUYHBIA IMKJI 3HAKOIEPEeMEHHOro W3ruba. XapaKTepUCTHUKOM,
ONpENETAONIEH TOBEJEHNE METaIa IPU YCTAJIOCTH, SBJILIOCh MAKCUMAJIBHOE 3HAYEHHUE aMILUIUTY bl
HarpyxeHus (o _, ), B yCIOBUSIX HEOIPAaHUYEHHON BBIHOCIMBOCTH 00pasia.

N3n0:kxeHne 0CHOBHOIO MaTepuaJa.
[Ipy  craTMyeckoM  Harpy>KeHWH, JUCIEPrUpOBaHUE  3€pEeHHOM  CTPYKTypbl  (eppura
HU3KOYTJEPOJUCTON CTalld COMPOBOXKAACTCS YBEJIMUYEHHUEM COMPOTUBIICHUS MHKPOILIACTUYECKOU

nedopmannu (o, ), BXoAdLIeH B ypaBHEHUE KpUBOH nepopManuu (o = o, + Ke" ) 3aBucumocts o,

OT pa3Mmepa 3epHa (pepputa Mo 100Ha U3BECTHOMY COOTHOIICHHIO TUTa Xoa - [letda [3]:
1

_ 2
oy,=0,+k, -d ?, (1)
rle O, - Halnps)KeHUue TPeHMs KPUCTAIIIMYecKoH perieTku ¢epputa, BeIMYMHA k- ONpejelnseT
BJIMSIHUE TPAHHUI] 3€peH Ha O, d - pa3Mmep 3epHa (eppura.

Ilo CpaBHCHHIO C OIHOHAIIPABJICHHLBIM CTATHYCCKHM HArpy>KCHHCM, KOrjga II0CJIC MNPCOJAJICHHUA
PacCIpOCTpaHAOIIUMCA  TCUCHUCM HCpBOfI 60J'II>H.ICY1"J'IOBOI>1 I'paHullbl 3€pHa 0 MOMCHTA



OKOHYATEJILHOTO Pa3pyIICHHS, METaJUT BRIACPKUBACT 3HAUUTEIbHBIC IIACTHUECKHE TeOpMaIiu, Ipu
UMKIUYECKOM HarpyXeHHHM KapTHHA 3HAYUTENbHO CIOXKHEe. YK€ Ha HaudaldbHBIX dTamax
3HAKOMEPEMEHHOTO JIe(hOPMUPOBAHUS, TIEPEMEIICHUS TUCIOKAIIMNA OrPaHUYMBAIOTCA 00BEMOM 3€pHA
(deppuTa HHU3KOYTIEPOAUCTON CTaaM, MPU D3TOM COCTOSHHME TBEPAOrOo pacTBopa o00sS3aTeabHO
OKa3bIBaC€T BIUSHUWE Ha Tpoiecc (HOPMUPOBAHHS Odvara 3apokJIeHHs MUKpOTpemuHbl. [lepexon ot
WHKYOAIlMOHHOTO TIEPUOAA POCTa MHUKPOTPEIIMHBI K YCKOPEHHOMY B JUTEpaType CBS3BIBACTCA C
MepeceuyeHueM TIepBOi OOJIbIIIe yIiioBOW rpaHuilbl 3epHa [1,2]. HaumHas oT yka3aHHOTO MOMEHTA,
POCT YCTAJIOCTHOM TpPEUIMHBI CTAHOBHUTCS B €Ille OOJBIINEH CTENEeHU 3aBHCHUMBIM OT pa3Mepa 3epHa
deppura.

B pesynbrare ycTamoCTHBIX UCHBITAHUHN HCCIEAYEMOM CTalu C pa3lIudyHbBIM pa3MepoM 3epHa, Oblia
MOCTPOEHA 3aBUCHUMOCTb O, OT d , KOTOpas mpejcTaBieHa Ha puc.l.M3meHenne o, oT pasmepa

3epHa (eppuTa (puc.l) moaYMHAETCS COOTHOLICHUIO, TO00HOMY (1):
1

— L2
c,=0,+tk,-d?, (2)
rae o, U k, IOCTOSHHBIE, aHATOTHYHBIC COOTBETCTBYIOIIMM XapaKTepHCTHKaM ypasHenus (1). U3
aHanu3a 3aBUCUMOCTH o, OT d (puc.l), ObUIM ONpEENeHbl MapaMeTphl ypaBHeHus (2) o, u k,,

/
3HAYEHMsS KOTOPBIX COOTBETCTBEHHO cocTaBmmi 90MITa u 12,5H/mm*'? . Tlonaras 1o ananoruu ¢ (1),
YTO HANpsKEHHE O, XapaKTEpU3yeT HANpPSHKEHUE TPEHHS KPUCTAIMYECKod pemerku, 90MIla

3HAYUTEIBHO MPEBBINIACT U3BECTHHIC 3HAYCHUS YKAa3aHHOW XapaKTepUCTUKHU. Tak, mo omeHkam [5,6],
HaIpsHKEHUE TPEHUS! KPUCTANIMYECKON PEIIETKH JKelle3a
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Puc.1.3aBucumocTts 0, OT pa3mepa 3epHa (peppuTa HU3KOYTIEPOIUCTON CTaNH.

cocraBiseT 3HaueHus 8-17MlIla. [{ns geppura, B ciyyae OTCYTCTBHS KapOUIHON (a3bl B CTPYKType
CTany, BenuuuHa o, paBHa 12MIla, uto BronHe ykiaasiBaeTcs B nHTepBanl 3HadeHui 8-17MlIla [4].

W3 moctpoeHnsi COOTHOWICHUS O, OT d (JUIA YCIOBHH CTaTMYECKOTO HArpy>KCHUS HCCIIETyeMOH
CTalM) NOCTOsIHHbIE ypaBHeHus (1), cocraBmwim 3HadeHus: o, =50 Mlla u kyZIOH/MM3 2. To

cpaBHeHHIO ¢ o;=12 Mlla, pasnuune pocturno 38MIla. YkazaHHOE€ HECOOTBETCTBHE CBA3aHO C

s deKxTamMu yIpoYHEHHs OT NMPHUCYTCTBHS MOBBIIICHHON KOHIIGHTPAIMH aTOMOB yTJIEpPO/a B PEIIETKE
(beppuTa HU3KOYTJIEPOAUCTON cTaH [5].
JInis yCIOBUH LMKIMYECKOTO HATPY'KEHWS, Pa3lMuue MEXIy BEIMYHHAMU O, M O, CTAIO €Ile

oonbumiM u gocturno  78MIla (90MIla-12MIla). Beicokue 3HaueHUs o, MOPU YCTAIOCTHOM

Harpy>)KeHWHW  yKa3blBalOT Ha Ooyee 3HauMWTelnbHOE (IO CPaBHEHHIO CO  CTAaTHYECKHM
nehopMUpOBaHUEM) OJIOKHPOBAHHE aTOMaMU YTIIIepo/Ia IBIKYIIUXCS AucTokamuii. [loaTBepkacHrneM
YKa3aHHOI'O SBIICHUS MOXET CIY)KUTh IIOBBIIIEHUE BEPOATHOCTH PA3BUTHUS MHOXKECTBEHHOTO



CKOJIBKCHHUS TUCIIOKAIMN 110 Pa3IMIHBIM KPUCTATOTpaQUIECKM CHCTEMaM ISl KPUCTAJUIMIECKON
pemetku tuna OLK [5,7]. Ha ocHOBaHMH 3TOTO, BENWYHUHY &, MOYKHO 3aIIUCATh B BHJIE:
o, =0, +A, (4)

rne A=78MIla- BenuyrHa TBEpAOPACTBOPHOTO YIIPOUHEHUS (peppuTa MPU PEBEPCUBHOM HArpyKEHUH.

AOCONIOTHBIE 3HAYEHUS XAPAKTEPUCTHK k'y U k, OTIMYAOTCSA B MEHbIICH crenmeHd. M3 srtoro
CIIEZlyeT, 4YTO XapakTep BIUSHHUS TpaHMIl 3epHa (QeppuTa Ha HANPSHKCHHE PACHPOCTPAHEHUS
IUTACTUYECKOM NedopManuy B MEHbIIEH CTENEHH, YEM COCTOSIHME TBEPIOrO PacTBOpA, 3aBUCHUT OT
CXEMBbl HArpy>KeHHUs HU3KOYIVIEPOJUCTOM CTaJH. J[pyrom COCTaBIAIOIIEH BEJIMYUHBI O, CIEAyeT
CUMTaTh HaNpsDKeHUe, Tpebyemoe Uil Hayajla JBM)KEHHUS JUCIOKAlMN OT MX MCTOYHHMKA JIO TPAHUI
3epHa (o0, ). 3 cooTHOmIEHMS (2) momy4nM:

'

k,
O, =_—F> (5 )

241
rae [ - paccTosSHME WMCTOYHWKA AWCIOKAIUMN OT TrpaHuIbl 3epHa (eppura. [Tpuanmas [=0,5d xak
cpenHee 3HayeHue uHTepBana ot 0 go /=d [3,5], ObUIM MOJICYNTAHBI BETHYHHBI O,. I3 aOCOMOTHBIX
3HAYEHHWH CJeqyeT, YTO BEIWYHMHA O,, B HECKOJBKO pa3 MeHblle o . [Ipu 3TOoM, 4eM OOIbIIHiA
pa3mep 3epHa, TeM 3HAYUTEIbHEH pa3Inune MeXIy HUMH. B omoHeHne K pacCMOTPEHHBIM BKJIaJiaM
B 0, OT 0,, A U 0,, HEOOXOAUMO YYECTb MPUPOCT HANIPSHKEHUS Ul 3apOXKICHUS TpeOyemMoro
KOJINYECTBA IOABHKHBIX AUCIOKALUi (0,). AOCOIIOTHBIE 3HA4YEHUS O, I HCCIELYEMOW CTalu
OTIPECIISIIIN KaK Pa3HUILY:

o,=0_,—-0,—A-o0, (6)

C npyrodl CTOpPOHBI, KOJWYECTBO IMOJBIDKHBIX IHUCIOKAUi (p ), TpeOyemoe Ui TMOIepiKaHus

TEUYCHUS METaJlIa MOXKET OBITh OIICHEHO COOTHOIIICHHUEM [7]:

2
F

| i

rac o, - HaIpsXKXCHUC, HGO6XOI[I/IMOG AJId 3apOKACHUA O TOABHIKXHBIX I[I/ICJIOKaI_[I/II\/‘I, o -

p (7

k03 dunmenT, xkoropslii npuHuMaer 3Hadenus ot 0,1 mo 1,0, x4 - momyns caBura, b - BEKTOp
broprepca. Ilocne noacraHoBku B (7) BMecTO o, BenuuuHsl o,, a=0,6 (cpeaHero 3HaueHHs
unreppana 0,1 — 1,0), x#=82-10"MIla u »=2,48-10 'mm (111 deppuTa), OBUIM PACCUMTAHBI
3HAUEHHs . XapakTep 3aBHCUMOCTH p OT d s YCIOBHUM IUKJINYECKOTO Harpys>KeHHs
HCCIIEIyEeMOM CTaJIM, MPEJICTABJIEH HA PUC.2.
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Puc.2. Bnusinue pazmepa 3epHa pepputa Ha p HU3KOYTJIEPOAMCTON CTaJIH.



CpaBHUTENBHBIN aHANU3 L C AHAJOTUYHON XapaKTEPUCTHKOM MCCIEAYEMOM CTaau AJs yCIIOBUI

CTaTUYECKOTO pacTsLKEHUs (0, ) TOKa3al, 4To M0 Mepe YBEJIMYCHUS pa3Mepa 3epHa Gpeppura pasnuune

MEXIy HUMM yMeHbINaeTcs. Tak, 1is pasmepoB 3epHa (eppura 15 - 16MkM p=7,5-10°mm >,

2

2,=107 um ™ ; s d =115 — 120mMkm p=4,4-10° um >, p,=4,2-10° um ™.

3 moy4YeHHBIX pe3yJIbTaTOB CIEAYET, YTO C POCTOM d , BKJIAJ OT TPAHUIL 3e€peH (eppuTa B ypOBEHb
3HAYEHUHN YCTAJIOCTHOW MPOYHOCTH CHIKaercs. s pasmepoB 3epeH Oonee 100 MKM, OCHOBHOE
BIMSHUE HAa O, HAYMHACT MEPEXOJUTh K TBEPJOPACTBOPHOMY YIPOYHEHHIO, OINPEEIIIeMOMY

BEJIMYMHOI O, , TI0 COOTHOMIEHHUIO (4).

IIpakTHyeckasi HEHHOCTh.

OneHka pa3ieibHOTO BKJIAJa B YPOBEHb YCTAJIIOCTHOW MPOYHOCTH HHU3KOYTJIEPOIUCTOH CTalH,
SIBJISICTCS TIOJIE3HOM TIPpH BEIOOpE 00paOOTKHM, OCHOBAHHON Ha COOTHOIICHUH 3(h(HEKTOB YIPOUHEHHUS OT
COCTOSIHUSI TBEPAOTO PACTBOPA U OT pa3Mepa 3epHa deppura.
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OuneHka  MUIOTHOCTH  MOABM:KHBIX  JHCJIOKANMA  NPH  HUKJIHMYECKOM  HArpyKeHUU
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0o0pooOxa mertaiiB: Haykos. Ta ingopm. Kypnaia / In-Bebk: IITABA, 2013, - Ne - C. —Puc.2.-
Bi6aiorpad.: (7 nass).

[lonyyeHHass 3aBUCHUMOCTb JJIsi YCTaJOCTHOM NMPOYHOCTH HU3KOYTJIEPOAMCTON CTalu OCHOBaHA Ha
aJIMTUBHOM BKJIa/Ie OT YIIPOYHEHHsI TBEPIOr0 pacTBOpa aTOMaMU yTriepoja, TpaHull 3epHa geppura u
KOJIMYECTBA MOJBHWKHBIX AWUCIOKAIMi. YCTaHOBIEHO, YTO IO MEpE YBEIMYEHUS pa3Mepa 3epHa
(deppuTa, €ero BIUSHUE HA YPOBEHb YCTAJIOCTHOM MPOYHOCTH CTAIA CHIUYKAETCS.



OTpumaHa 3aJIeXKHICT [UISI MEXH MIIHOCTI NPH BTOMI HH3BKO BYTJICIIEBOi CTaji 3acHOBaHA Ha
aJIMTUBHOMY BKJIQJl BiJl 3MII[HEHHS TBEPJOr0 PO3YMHY aTOMaMHU BYTJIELIO, MEX 3€peH (eputy i
KUTBKOCTI PYyXJIMBUX JUCJIOKAIii. BcTaHOBIEHO, M0 Y Mipy 30UTBIIICHHS pO3Mipy 3epHa Gepury, Horo
BIUIMB HA PiBEHb MEXH MIIHOCTI MPU BTOMI CTali 3HIKYETHCS.

Of undertaken studies dependence is got for strength stress at fatigue of low-carbon steel, that is based
on an additive deposit from work-hardening of solid solution the atoms of carbon, borders of grain of
ferrite and amount of movable dislocations. It is in-process set that as far as increased of grain of
ferrite, his influence goes down on the level of strength stress at fatigue of low-carbon steel.



