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DJIeKTPOHHO-MYYKOBasi 00paboTka 3akajaeHHoi cranu Mapku Ct20X13 (0.2% C, 13% Cr) ¢ IJIOTHOCTBIO 9HEP-
ruu myuka 10—30 JIx/cM? IPUBOINT K YBEJIMYEHHIO YCTATTOCTHOI IOITOBEYHOCTH B 1.9 pa3a. MeTtonamu pacT-
POBOI1 2JIEKTPOHHON MUKPOCKOITMM TIPOBEICHBI MCCIEIOBaHUS TIOBEPXHOCTH OOyYeHUs, BBISIBJIEHO CYIIe-
CTBEHHOE M3MeJIbYeHNE 3ePEHHOI CTPYKTYPhI U M3MeHeHUe coepkaHust Cr B TOBEPXHOCTHOM CJIO€.

DOI: 10.7868/50207352813010125

BBEJIEHHME

IMonapnsiroliiee OOMBIIMHCTBO JIeTajeid U BHIMOJI-
HEHHbBIX U3 HUX KOHCTPYKIIUI U COOpYyXeHUi pabo-
TaeT B YCJIOBUSIX YCTAJIOCTHOTO HAarpy>eHusl, T.e. Ipu
MEPEMEHHBIX MEXaHWYECKUX (MEeXaHU4YecKasi ycTa-
JIOCTb) W/WIW TeMIlepaTypHbIX (TepMuuYecKasi ycTa-
JnocTth) Harpyskax [1—3]. Cneuuduka mnoBeaeHUs
MaTepuasa Mpu JaHHOM crocobe BO3IEeHCTBUST 3a-
KJIIOYaeTCsl B TOM, UTO B HECTALIMOHAPHbBIX YCIIOBUSIX
Jierye BO3HMKAIOT TOBPEXIEHUS, W pa3pylieHue
MPOMCXOAUT MPU NEHCTBUM HArpy30K, 3HAUUTEJIbHO
MEHBIINX MO0 CPABHEHUIO CO CTAlLIMOHAPHBIMU YCJIO-
BUSIMU. YCTaJOCTHBIE TPEIIUHbI 3apOXKIAIOTCS Mpe-
UMYIIECTBEHHO B TPUITOBEPXHOCTHOM CJIO€ MeTaJlja.
CrnenoBaTelbHO, COCTOSIHUE 3TOTO MOBEPXHOCTHOTO
cJiosl SBJISIETCS HEMaJTOBaXKHBIM (DAKTOPOM, OKa3bl-
BalOIIUM BJIMSIHUE Ha XapaKTep YCTAIOCTHOTO MOBE-
neHust marepuana. IlpenBapuTesbHOE YNPOUYHEHUE
(a B OTHENBHBIX ClTydasix — IlacTUMUKALNS ) [TOBEPX-
HOCTHOTO CJIOSI 32 CYET KOHLIEHTPUPOBAHHBIX MOTO-
KOB 3Hepruu [4—6] 1 MCHOJIb30BaHNE UMITYJTbCHBIX
3JIEKTPUUYECKMX TOKOB MpPU YCTAJIOCTHOM Harpyxe-
Huu [7—10] cnocoOHBI 3HAYNTEILHO IOBBICUTH yCTa-
JIOCTHBII pecypc marepuana.

B [11-13] npu wuccienoBaHUN HepxKaBelollei
cranu mapku Ct 08X18H10T moka3aHo, 94TO OTHUM
M3 METOJIOB KPaTHOTO YBEJIMYEHMS €€ YCTAJIOCTHOM
JIOJTOBEUHOCTH SIBJISIETCS 00pabOTKa MOBEPXHOCTU
UMITYJIbCHBIMU 3JIEKTPOHHBIMM Ny4YKaMu CyOMWJI-
JIMCEKYHIHON JIMTEIbHOCTU BO3AECUCTBUS. YKa-
3aHHas oOpaboTKa 00eCHeYMBaEeT CBEPXBBICOKYIO
ckopocTh Harpesa (10 10° rpaz/c) moBEpXHOCTHOIO
cliosl 10 3aJaHHBIX TeMIlepaTyp, (GOpMUpPOBaHUE
npeaebHbIX TT0 BEJIUYMHE IpaIueHTOB TeMIepaTy-
pol (10 107—10% rpan/M) 1 oxaxaeHne MOBEPXHOCT-
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HOTIO CJIOS 3a CYET TEIUIOOTBOAA B OCHOBHOI 00beM
MaTepuaia co ckopoctbio 10*—10° rpan/c. B pe3yib-
TaTe B TIOBEPXHOCTHOM CJIO€ CO3AI0TCS YCJIOBUS 00-
pa30BaHMUSI HEPaBHOBECHBIX CTPYKTYPHO-(a30BBIX
cocrosiHuii [14—16].

Llenbio HacTosIIEH pabOTHI SIBISIETCS UCCIeN0Ba-
HUE CTPYKTYpPhl TIOBEPXHOCTH 3aKaJleHHOW CTan
mapku Ct 20X13, moaBeprHyToil 3JeKTPOHHO-ITy4-
KOBOI1 00paboTKe.

MATEPHUAT U METOAbl MOOANDPUKALINHA.
METOOANKA NCCIIEJOBAHHUA

B kauecTBe Mmarepuana I UCCIeNOBaHUSI MC-
noJab3oBanu ctaiab Mapku Ct 20X13, 3aKkajeHHYIO OT
temnepatypbl 900°C. Kak u B pabotax [7—10], ycTa-
JIOCTHBIE VICITBITAHUS TIPOBOAWIIM MO CXeMe HEeCUM-
METPUYHOTO KOHCOJBHOI'O U3r1uba ¢ aMIUIMTYI0M Ha-
rpyxeHust 20 MIla u yacroroit 20 Ii1. DieKTpoHHO-
MY4YKOBYIO 00pabOTKY OCYIECTBISJIM Ha YCTAaHOBKE
“COJIO” [14, 15, 17] npu clienyIOLIMX peXXrMax BO3-
JMENCTBUS MydKa 3JEKTPOHOB: IMTEIBHOCTh HM-
myjibca Bo3aeicTBUSI T = 50 MKC; KOJMYECTBO U Ya-
CTOTa CJICTOBAHUSI MMIYJILCOB oonydeHnS N = 3 mn
f=0.3 Ii1; MIOTHOCTb BHEPTUU My4YKa 3JICKTPOHOB
Eg= 10, 20, 30 JIx/cm?. [lepeMeHHOI BETUYUHOIM
npu 00pabOTKe MOBEPXHOCTHU CTaJd 3JCKTPOHHBIM
My4YKOM ObLjIa IJIOTHOCTh DHEPTUM IMydKa BJIEKTPO-
HOB, KOTOpasi M3Mepsijlach MUKPOKAJIOPUMETPOM,
MMOMEIIeHHOM B KaMmepy ycTtaHoBKU “COJIO” nepen
0o0JlydeHHeM marepuaja NMpU TECTUPOBAHUU ITydKa
91eKTpoHOB. O6padaThIBaIN JHULIEBYIO TOBEPXHOCTh
MOATOTOBJIEHHBIX IJISI UCTIBITAHUSI 00pa3uoB. Mccie-
JOBAaHUSI TOBEPXHOCTU TMOCJE SJIEKTPOHHO-ITYYKO-
BOIl 00pabOTKM NPOBOMMIM Ha PACTPOBBIX DJIEK-
TpoHHBIX MHKpockorax SEM-515 Philips u LEO
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Puc. 1. 3aBucnMOCTb KOJIMUECTBA IIUKIIOB N 10 pa3pyiiie-
Hus ctanu Mapku Ct 20X13 OT IUIOTHOCTU SHEPTUH ITy4d-
Ka 3JIEKTPOHOB (EJ).

EVO 50. 111 Komu4ecTBEHHOTO aHaIn3a CTPYKTYPHI
CTaJIA MCIIOJIb30BaId METOIbI cTepeosioruu [18].

PE3VJIBTATBI 1 X OBCYXIEHUE

VcranocTHbIE MCITBITAHUS O0pa3LioB CTajll MapKU
Ct 20X13 B MCXOOZHOM COCTOSTHUU M TIOCJIE DJIEK-
TPOHHO-ITYYKOBOI 0OpaOOTKU JIMLEBOM ITOBEPXHO-

CTU BBISIBUJIM, BO-TIEPBBIX, CYIIIECTBEHHOE yBEIUYE-
HUE YCTAJIOCTHOM JOJTOBEYHOCTU CTAIU, OOpaboTaH-
HOW DJIEKTPOHHBIM IMYYKOM, U, BO-BTOPBIX, SIBHO
BbIpa>k€HHYIO 3aBUCHMOCTb YKCJa LIMKJIOB 10 pa3py-
LLIEHUS OT IUIOTHOCTU 3HEPruu MyykKa 3JEKTPOHOB
(puc. 1). YcrajmocTHbIE TpeIIMHBI, KaK II0Ka3aJin
MHOTOYUCJIEHHbIE 3KCIIepUMeHTHl [1—3], mpeumy-
IIIECTBEHHO 3apOXIaloTcsl B MPUIIOBEPXHOCTHOM
cJIoe MeTasa.

ITocne 06paboTKM CTaan NpU ILIOTHOCTU SHEPTUN
mydka 37eKTpoHoB Eg = 10 JIx/cM?, COOTBETCTBYIO-
1Iei pexxuMy HayaJlbHOTO ruiaBjieHus [15], Ha ee 11o-
BEPXHOCTM McUe3aloT Ae¢heKThl (LlaparurHbl), BHE-
CEHHBIE TIPH TTOJIUPOBKE U (DOPMUpPYETCs CIOM, pas-
Mep 3epeH KOTOPOro U3MEHsIeTCsl B Mpeaenax ot 1.5
10 4 MkM (puc. 2a). B cTtaam ucxomHOro COCTOSTHUS
(10 >7eKTPOHHO-MyYKOBOW 0OpabOTKU) CpeaHUit
pa3Mep 3epeH paBeH 9.5 MkMm. CienoBaTeIbHO, DJIEK-
TPOHHO-ITyYKOBasi 00paboTKa COMPOBOXKAAETCS MTPO-
1eCCoOM AUHAMUYECKOM peKpUCTaIIn3allu, MPUBO-
ISIIAM K CYIIECTBEHHOMY M3METbYSHUIO 3€PEHHOM
CTPYKTYpbI cTayii. OMHOBPEMEHHO C YMEHbIIEHUEM
pasMepa 3epeH Ha IMOBEPXHOCTHU CTaJIM 00pa3yroTCs
Kpartepsl (puc. 26). [TpuunHoit ux o6pazoBaHUsSI MO-
TYT OBITh JIETKOIUIABKWE BKJIIOYEHUsS (HAINpUMep,
cynbGUIBI Xeje3a, OOHapyXeHHbIEe MHKPOPEHTIe-
HOCHEKTPaJIbHBIM aHAJM30M), MPUCYTCTBYIOIINE B
CTaJIA ¥ MCTTaPSIOIITHECs TTPU 3JIEKTPOHHO-ITyIKOBOI
obpaboTke. Ha nHe kparepa BBISIBIsSIETCS KapTHHA

Puc. 2. Mopdosnorust nosepxHoctr cranu Mmapku Ct 20X13 nociie 371eKTpOHHO-TTy4K0OBOi 06paboTku (Eg = 10 ):[)K/CMz).

MOBEPXHOCTb. PEHTTEHOBCKUWE, CUHXPOTPOHHBIE U HEMUTPOHHBIE UCCITEIOBAHUA  Ne 1
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96 MUBAHOB u np.

Puc. 4. Mopdosorust moBepxHoctH ctaim Mapku Ct 20X13 mociie 371eKTpOHHO-ITyYKOBOM 00pa0OTKY TIPU TIJIOTHOCTHU SHEP-

rum nmydka 30 ,H,)K/CMZ.

JNEHAPUTHON KPUCTAIM3ALIMU, B OTAEJbHBIX CIyda-
SIX 0OHAPYXKMBAIOTCSI MUKPOTPEIIUHBI (pHUC. 2B).

DJIeKTPOHHO-ITYYKOBasi 00paboTKa MOBEPXHOCTU
CTaJX TIPYM TUIOTHOCTU 3HEPTUM MydKa 3JIEKTPOHOB
E¢=20 JIx/cM?, COOTBETCTBYIOLIENH PEXMMY IJIaBJIe-
HUSI TIOBEPXHOCTHOIO CJIOSI TOJIIUMHONW 5—8 MKM,
MMPUBOIUT K (POPMUPOBAHMIO CTPYKTYPHI STIEHCTOM
KpucTaju3zauuu (puc. 3a, 0). SIueiiku uMeroT OKpyT-
Jy1o Gopmy, cpeaHuit pazMep ssueek 0.25 MKM.

TMMOBEPXHOCTb. PEHTTEHOBCKUWE, CUHXPOTPOHHBIE U HEMTPOHHBIE UCCJIEIOBAHUA Ne 1

BbICOKOCKOPOCTHOE OXJIaXKAEHUE CTaJIu COIMPO-
BOXHaeTcs (popMUpoOBaHUEM MUKPOTPEIIUH Ha 00-
JIY9eHHOM MMOBEPXHOCTH, UTO CBUIETEILCTBYET O Ya-
CTUYHON peJlaKcallii TEPMHICCKUX HAMPSKeHWIH,
dopMupylommxcst B marepuaie (puc. 38). B moamno-
BEPXHOCTHOM CJIO€ CTaJIUM MPOTEeKAET MapTEHCUTHOE
TpeBpalIeHne, O YeM CBUACTEILCTBYET XapaKTepHBI
MUKpopebed Ha TOBEPXHOCTU 00 1yueHust (puc. 31).
JlaHHBIN pexXXuM 00pabOTKU TaKXKe COMPOBOXKIAETCS
obpaszoBaHueM KpaTepoB. OHAKO, MO CPABHEHUIO C

2013
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Puc. 5. 3aBUCMMOCTb KOHIIEHTpPAlIMM XpOMa B TTOBEPX-
HOCTHOM CJIO€ CTaJIA OT IJIOTHOCTH SHEPTUH ITy4YKa JIeK-
TPOHOB.

00pabOTKOI 3JIEKTPOHHBIM ITYYKOM MPU IJIOTHOCTU
sHeprun Eg= 10 JIX/cM?, KOJIUYECTBO MUKPOKpATE-
POB HE3HAYUTEJILHO CHUXAETCS, Kpasi KpaTepoB cTa-
HOBSTCSl MOJOTMMM, YMEHbIIAeTCsl U UX TJIyOuHa.
OT0 yKa3bIBaeT Ha 3all0JIHEHHUE KpaTepoB pacriiaBoM
Ha CTaauu OXJIaXJIeHUs MaTepuraa.

YBenuueHue NI0THOCTU SHEPTUU MydYKa 3JeKTPO-
HOB 10 Eg = 30 JIx/cM? He MPUBOIMT K CYIIECTBEH-
HbIM M3MEHEHUSIM CTPYKTYPbhI TTOBEPXHOCTHU TIOCTIE ee
obpaborku. Kak 1 mocire 00paboTKI ITpH TUIOTHOCTH
SHEPIUM TyYKa 31eKTpoHOB Eg = 20 JIx/cMm2, (popmu-
pyeTcsl CTpyKTypa SYEUCTON KpUCTaUIU3aliuyi C He-
CKOJIbKO MEHBIIIMM pa3mMepoB siueek (230 HM). BorsiBisi-
JOTCSl MUKPOTPEILMHBI, KOJIMYECTBO KOTOPBIX HA O0JTY-
YEHHOI TTOBEPXHOCTU MPAKTUIYECKU HE U3MEHSIETCS O
CpaBHEHMIO ¢ 06paboTKOIi rpu Eg= 20 JIxx/cMm?. Ha 06-
JIYYEHHOI TIOBEpXHOCTU (popMuUpyeTcsl peibed He-
CKOJIBKMX MacIITaOHBIX ypoBHel. K mepBoMy M3 HMX
oTHeceM Makpopeiabed (MacmTad ~100—150 MxMm), 00-
pasyloluiicss B pe3yssrate (oOpMUPOBaHUS U TIOCIIE-
JIYIOILIETO oIuIaBiieHus KpaTepoB (puc. 4a). Ko BTO-
poMy OoTHeceM MUKpopeiabed, (GopMUPYIOLIUICS B
pe3yJbTaTe MapTeHCUTHOTO TIPEBpAILieHUsI TIPU BbICO-
KOCKOPOCTHOI 3aKanke craau (MacmrTad ~5—10 MKM)
(puc. 46). K TpetbeMy ciienyeT oTHeCTH penbed, dop-
MUpPYEMbII Ha YPOBHE 3€pEH MOBEPXHOCTHOI'O CJIOS U
CTPYKTYPbl SIYEMCTOW KpucTa/uiM3aluu (Macuitabd
~0.25—5 mxMm) (puc. 4B).

DJIeMEHTHBIN aHaJIU3 MPOBOAMIM Ha MUKpOaHa-
m3atope EDAX ECON 1V (HauuHas ¢ ¢propa, mpe-
nest obHapyxeHust coctaBui 0.2 Bec. %), BETPOEHHOM B
PACTPOBEIN IIEKTPOHHBIN MuUKpockonn SEM-515 Phil-
ips. Pe3yabraThl 2IeMEHTHOTO aHa13a OBEPXHOCTHO-
IO CJIOSI TOJILMHONM ~3 MKM IIpeACTaBiIeHBI Ha pucC. 5.

7 TIOBEPXHOCTb. PEHTTEHOBCKHWE, CUHXPOTPOHHBIE U HEUTPOHHBIE UCCIIEJOBAHUA Ne 1

OTY4eTIMBO BUIHO, YTO BJICKTPOHHO-ITYYKOBasi o0pa-
0OTKa CTald B peXKMME IUIaBJICHUS MOBEPXHOCTHOTO
CJIOA ITPUBOIUT K CHM2KCHHIO KOHLICHTpallMM XpoMma.
INepepacnpeneneHre KOHIEHTPALIMK XpOMa B TIOBEPX-
HOCTHOM CJIO€ CTaJIM, KPUCTa/UIM3YIOLIEMCSl U3 pac-
TJ1aBa, MO-BUANMOMY, MOXET ObITh OOYCJIOBIEHO OCO-
OGEHHOCTSIMU CTPOEHMUST JUarpaMMBbl COCTOSTHUSI CUCTE-
mul Fe—Cr [19].

SAKIIIOYEHHME

B pesynbraTe BHITTOJIHEHHBIX B HACTOSIIICH paboTe
HCCIeIOBaHUI YCTAaHOBJIEHO, UTO 0OOpaboTKa IIo-
BEPXHOCTH MpeABapUTEIILHO 3aKaJIeHHOM CTajlk Map-
k1 Ct 20X13 BBICOKOMHTEHCUBHBIM 3JIEKTPOHHBIM
IYYKOM CYOMWIJIMCEKYHIHON IJIUTEIbHOCTU BO3-
JIeICTBUS IPUBOJIMT K CyILIeCTBEeHHOMY (B ~1.9 pa3a)
YBEJIMYECHUIO YCTAJIOCTHOM JONTOBEYHOCTU MaTepHa-
na. ITpu aToM HabGMIOgaeTCs M3METbUeHUE 3epeHHOM
U CyO3epeHHOIl CTPYKTYp HOBEPXHOCTHOIO CJIOS
(bopMupoBaHUEe CTPYKTYPhI SYEUCTON KPUCTAJLIM-
3allMM CYOMUKPOHHBIX pa3MepoB) M HEKOTOPOMY
CHMZKEHUMIO KOHLICHTpALMU XpoMa B TIOBEPXHOCTHOM
cioe.

YT00OBI OTBETUTH Ha BOIIPOC O (PU3NISCKUX MeXa-
HMU3MaxX IIOBBIIIEHUS YCTaJOCTHOM JOJTOBEYHOCTU
CTaJli, HEOOXOONMBI HOMOJIHUTEIbHBIE MCCIIeIoBa-
HUSI CTPYKTYPHO-(}A30BbIX COCTOSTHUIM U Te(PEKTHOM
CyOCTPYKTYpBI CTaJld METOAAMU IPOCBEYMBAIOLLIEH
3JIEKTPOHHOI MUKPOCKOITUH.

PaboTa BbIlTIOJTHEHA MpPU YaCTUYHOUN (UHAHCO-
Boii moaaepxke Ilpesunnyma PAH (rpant Ne 27.4),
PODU (rpant Ne 10-07-00172-a) u ®LIT “Hayu-
Hble U HaydyHO-TIelaroruuyeckye Kaapbl MHHOBAIIU-
oHHoli Poccuum Ha 2009—2013 rr” (IocKOHTpakT
Ne 02.740.11.0538 u Cornamenue Ne 14.B37.21.0071).
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Fatigue Strength of Hardened 20Cr13 Steel Subjected to Electron Beam Modification

Yu. F. Ivanov, D. A. Bessonoy, S. V. Vorobiev, V. E. Gromov, K. V. Ivanov,
Yu. A. Kolubaeva, V. Ya. Zellermaier

Electron beam treatment with beam energy density 10—30 J/cm? of quenched 20Cr13 (0.2% C, 13% Cr) steel
leads to fatigue durability increase 1.9 times. The irradiation surface investigations are carried out by methods
of scanning electron microscopy. The essential grain structure grinding and Cr content change are revealed

in surface layer.
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