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CO3JAHUE MOINPUILINPOBAHHBIX YITPOUYHEHHBIX CJIOEB
HA MTIOBEPXHOCTMU CTAJIEH METOJIAMM JIASEPHOM
XUMUKO-TEPMUYECKOH OBPABOTKHU

AnHoOTanus. CTaThsl MOCBSIIEHA MTOBBIIIECHUIO YKCIITYyaTallMOHHBIX
CBOMCTB CTaJIbHBIX U3JEIUI IyTEM CO3/IaHUsl YIIPOYHEHHBIX
MO (ULMPOBAHHBIX CIOEB HA IOBEPXHOCTH METOAAMH JIa3€pHON U XUMUKO-
TepMudeckoil oopadoTku. [Ipeanoxena KOMOMHUPOBAHHAS TEXHOJIOTHS,
3aKJTI0YAONIAsCS B JJA3€PHOM JIETUPOBAHUM CTAIbHOM MOBEPXHOCTH
HUTPUI000pa3yIOLUIMMU dJIEMEHTaMU U a30TUpoBaHuu. [lokazaHo, uro npu
JIa3€pHOM JIETUPOBAHUH B HEMPEPHIBHOM PEKUME U3IIyYECHHS B IOBEPXHOCTH
cTanu (popMupyerTcs CIoi ¢ paBHOMEPHOU MEITKO3EPHUCTON CTPYKTYpO
tonmuHou 600 mxm. [locmenyromee a30TUpOBaHUE MOBBIIAET MUKPOTBEPAOCTD
MasoyraepoaucTsix craner 10 20 000 MlIIa, n3nococroiikocts — B 1,5-3 pa3sa.
OnpeneneHbl ONTUMAIbHBIE PEKUMBI TEXHOJIOTMYECKOT0 Mpolecca,
o0ecIeynBaroIINe MoTydYeHne MHOTO(ha3HbIX AU Y3UOHHBIX CJIOEB C BBICOKOU
TBEPAOCTHIO U U3HOCOCTOMKOCTBIO.

KiroueBble ciioBa: MoauduIMpoBanne CTaabHON MOBEPXHOCTH,
Ja3epHOe JIETUPOBAHUE, a30TUPOBAHUE, MUKPOCTPYKTYpPa, MUKPOTBEPAOCTb,

N3HOCOCTOUKOCTb.

Beenenue
Ha coBpemeHHOM 3Tane pa3BUTHS TEXHUKU aKTyaJbHOW SIBJIAETCA 3aJa4a
pa3pabOTKH METAJUTMYECKUX MAaTepHUAJIOB ¢ KAYECTBEHHO HOBBIMH BBICOKUMH H
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CBEPXBBICOKMMH CBOMCTBaMU, MO3BOJISIFOIIMMU CYIIECTBEHHO CHU3UTD
METaJJIOEMKOCTh U3/IENIUN U 00eceunTh pecypcocoepexenne. M3amenenue u
YCIIOKHEHUE YCIOBUI AKCIUTyaTallii MaIlliH, y3JI0B B arperatoB TpeoyeT
MTOCTOSTHHOTO COBEPIICHCTBOBAHUSI MAaTEPHAIIOB U MOJICPHU3AITUN TEXHOJIOTHUI
WX U3TOTOBJICHUS.

Hay4dHo-TexHruueckuit mporpecc B BBICOKOTEXHOJIOTUYHBIX OTPACIISIX
HSKOHOMUKH B OOJIBIIION CTETICHU CBSI3aH C COBEPIIICHCTBOBAHUEM MTPUMEHSIEMBIX
MaTEepUajIOB U TEXHOJIOTMUECKUX METOAOB UX 00pabOTKH C IENbI0 00ecTeueHus
TpeOyeMBbIX IKCILUTyaTallMOHHBIX CBOMCTB JieTasiel MalivH. B nmocnennue roapt
OOJBITIOC BHUMAHUE YACISIETCS PAa3BUTHIO TEXHOJIOTHI TTOBEPXHOCTHOTO
YIOPOYHEHUS, TAaK KAaK UMEHHO COCTOSIHUE TOBEPXHOCTU BO MHOTOM OIPEACIISIET
YPOBEHb MPOYHOCTH U IKCILTyaTaIIMOHHBIC CBOMCTRA JIeTalIeH MaIliH U
WHCTPYMEHTA.

[IpuHIIUTIHATEHO HOBBIE BBICOKHE (DU3UKO-MEXAHUUECKHUE U
AKCILTyaTaIllMOHHBIEC CBOMCTBA U3/ICTUI MOTYT OBITh JOCTUTHYTHI ITyTEM
[eJICHANPABICHHOTO CO3/IaHNs MOANU(MUIIMPOBAHHBIX CIIOEB HA CTAJIBLHOM
MOBEPXHOCTH MyTEM JIETUPOBAHUS PA3TIMYHBIMH dJIEMEHTAMHU WU HX
KOMIO3UIIMSMH C UCIIOJIb30BaHUEM JIa3€pHOTO Harpesa. JJoctTonHcTBOM
JIa3epHOTO METO/Ia SIBIISIETCS BO3MOKHOCTh OECKOHTAKTHO, OBICTPO M CTPOTO
J03UPOBAHO TepeiaBaTh YHEPTHIO Ha TIOBEPXHOCTH 00pabaThIBAEMOTO
Matepuana. [locine nazepHoit 00pabOTKH 3HAYUTETHLHO MOBBIIIAETCS TBEPIOCTh
¥ U3HOCOCTOUMKOCTD CTajiel, B OCOOEHHOCTH COJIEpKaIuX KapOuIHbIE,
HUTPUIHBIC WK OOopuIHbIC da3bl. KpoMe Toro, ma3epHblii HarpeB HE BHI3BIBACT
nedopmariy U3ENHi, YTO COKpaIaeT TEXHOJIOTHIYECKUH TPOoIece, TaK KaK He
TpeOyercs qoBoaka. JIazepHOe ernpoBaHKE MO3BOISIET 3HAYUTEIILHO COKPATHUTh
pacxol JOPOTrOCTOSIIMX JIETUPYIOIIUX 3JIEMEHTOB [1].

[Iporecc nerupoBanust MOKET MPOBOAUTHLCS C UCTIOJIb30BAaHUEM
UMITYJIbCHOTO MJTM HEMPEPBIBHOTO M3NTydeHHs. Pa3HuIia B ToM, 94TO B

UMITYJIbCHOM PEXUME Ha TIOBEPXHOCTH 00pabaThIBaeMOro MeTajuia 00pa3yroTcs
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JISTUPOBAHHBIE «IISTHA» OKPYTII0H (hOPMBI C TITyOMHOM MporLiaBa
150...300 MKM, a B HEIIPEPBIBHOM PEXHUME — «TOPOKKN», TIIyOHMHA KOTOPBIX
MOeT ObITh O0oitee 900 MM [2].
OnHako B HACTOSIIEE BpeMsl 3TOT METOJT MOAUDUITIPOBAHUS
MTOBEPXHOCTH TIOKA HE MMEET MUPOKOTO MPUMEHEHHS B TIPOMBIIINICHHOCTH.
DT0 00BIICHSAETCSI 0OCOOCHHOCTHIO METOJI0OB 00pa0OTKH METAJIOB
BBICOKOKOHIIEHTPHUPOBAHHBIMU UCTOYHUKAMU YHEPTUH, 3aKITFOYAIOIICHCS B
3HAYMTEIIFHOM TPaJIMCHTE TeMIIepaTyp Ha IpaHUIle OCHOBHOI'O METaljla ¢ 30HOM
IJIABJICHUSI, YTO IPUBOIUT K (POPMHUPOBAHUIO PACTATHBAIONINX HAIPSIKSHUH,
KOTOPBIEC B IIPOIIECCE IKCILTyaTallUK U3JEIUHN BBI3bIBAIOT 00OpA30BaHKE B HUX
TPEUIUH C MOCIEAYIOIIUM Pa3pylLIEHUEM 10 XPYIIKOMY MeXaHu3Mmy [3, 4]. OTot
HEJIOCTATOK MOXKHO YCTPAHUTh ITyTEM HarpeBa, OJHAKO YPOBEHb YIIPOUHECHHUS
METAJIJIOB, JOCTUTHYTHIN Ja3epHON 00paOOTKOM, CYIIIECTBEHHO CHUXAETCA [S].
B cBsI3U ¢ 9TUM aKTyaJIbHBIM SIBJISICTCS TIOUCK ITyTEH MTOBBIIIEHUS
() PEKTUBHOCTH UCIIOIL30BaHUS JTA3EPHON SHEPTUH JIJISl TTOTYUEHUS
MOIU(DHUITUPOBAHHBIX YIIPOYHEHHBIX CJIOEB HAa TTOBEPXHOCTH KOHCTPYKIIMOHHBIX
Y MHCTPYMEHTAJIbHBIX CTaJIeH, YTO 0OSCIICYUT BHICOKHI YPOBEHD (DPU3UKO-
MEXaHUYECKUX M SKCIUTyaTaIlMOHHBIX CBOMCTB JETaICH MAIllMH U WHCTPYMCHTA.
Pemenue »Toii npoOaeMbl BO3MOKHO ITyTEM pa3pabOTKU TEXHOIOTUUECKUX
MPOIIECCOB YIIPOUHEHHUSI, COUETAIOIIUX JIA3EPHYIO U XUMUKO-TEPMHUYECKYIO

00paboTKy cTasei.

MaTtepuaJibl 1 METOMKA MPOBEAEHHs UCCIeTI0BAHNI

B pab6ore uccnegosanu yraepoaucteie cranu 20 (0,2%C), 40 (0,4%C), 45
(0,45%C), Y10 (1,0%C) u apMKo-Kene30 B Ka4eCTBE MOJICJIbBHOIO MaTepuasa.
J1y1st TerupoBaHMs UCTIOIB30BAIIM TTOPOIITKH HUTPHI000pa3yIOIMIUX JIEMEHTOB
Cr, V, Mo, Nb u Al. O6paboTky 00pa3iioB mpoBoAmIM Ha TazopazpsaaoMm CO, —
nazepe HenpepbiBHOTO neicTBus Tuna JIOK-2M MomHocTsio 10 1 kBT co

CKOPOCTBIO TIEpEeMEIIEeHUS JTa3epHOTO JTy4a oT 2 10 30 MM/c 1 Ha

Ne 2(2)
nexadpnb 2014

ABgromornis - /[lorora - UH®PACTPYKTYPA
JJIEKTPOHHBIH HAYYHBIH JKYPHAT



Tpancnopmnuas mexnuxa

TEXHOJIOTUYECKOM JIa3epe UMITYJIbCHOTO aercTBus «KBaHT-16» rmpu MOITHOCTH
usnydyeHus 1o 24 JIx. JlerupoBanue ocyuiecTBisiiu u3 ooMa3ku Ha ocHoBe 10%
pacTBoOpa Kiiesi B alleTOHE, KOJIMYECTBO KOTOPOU KOHTPOJMPOBAIN BECOBBIM
MeToa0M. A30THUpPOBaHKE NPOBOaAMIMN IIpu Temmeparype 510-570°C B
aTMoc(epe YaCTHYHO TUCCOIMUPOBAHHOTO aMMuaka. [IpogomKkuTebHOCTh
HaChIIeHUs BapbupoBaiu ot 3 10 30 u. Mertamiorpaguieckuii aHanu3
IIPOBOJMIIM Ha ONTHYECKOM MUKpockone «Neophot-21» npu yBennyeHuu 10
x1000. KoHueHTpaIuio JIETUPYIOUIMX 3JIEMEHTOB B JISTUPOBAHHOM CJIOE€
OTIPEEIISIN C TOBEPXHOCTH MOIMEPEUHBIX NUTM(OB Ha
MUKPOPEHTTEHOCIIEKTPATILHOM aHaju3aTope «Superprobe-704» npu
HEIIPEPHIBHOM CKAaHMPOBAaHNHU 30H/a. PacnpeneneHue Jernpyrommx 3J1€MEHTOB
¥ a30Ta B MOJAU(PHUIIMPOBAHHOM CJIO€ UCCIIEA0BAIA HA CKAHUPYIOLIEM
MUKpPOPEHTT€HOCIIEKTpaibHOM aHanm3artope «Link-system», a ¢a30Bblii cocTaB
OINPENEISUI PEHTT€HOBCKUM METOJIOM Ha YCTaHOBKE «/[pOH-3».
MuKpOTBEPIOCTD YIIPOUHEHHOTO CJI0s1 U3MEPsUHM Ha TBepaomepe [IMT-3.
HccnenoBanyst ”3HOCOCTOMKOCTH UCCIIEN0BAIIMN IO CXEME POJIMK — KOJIOJKA B
YCIIOBHSIX CyXOro TpeHus. [l onpeeneHust OCTaTOYHBIX HAIPSLKEHU B
JIETUPOBAHHOM CJIOE JI0 U TIOCJI€ a30TUPOBAHUS UCIIOJIB30BAIM METO/
MHOTOKPaTHBIX HAKJIOHHBIX ChEMOK, U3MEPEHUS IPOBOAUIHN B (PHIBTPOBAHHOM

K, Co uznydyenuu Ha qudpakromerpe «IpoH-2».

O0cy:xkneHue pe3yabTaTOB HCCIACA0BAHUI

Jlazepnoe necuposanue cmanei. JIokanpHOE JIETUPOBAHUE CTAIIBHOU
ITOBEPXHOCTH B UMITYJIbCHOM PEKUME JIA3EPHOTO U3JIYUYECHUS ITPOUCXOJUT B
TeueHue 3...5 Mc, TO3TOMY IPOLECCHl MACCONEPEHOCAa U KOHBEKTUBHOIO
MepEeMENIMBAaHUs B 30HE MEPEIUIaBa MPOUCXOJAT HEMOIHO U JIETUPYIOLINE
3JIEMEHTHI B HEM pacmpe/iesieHbl HepaBHOMEPHO (puc. 1).

B ycii0BUAX HENPEPHIBHOTO U3JIYUYECHUSI BPEMS BO3JICUCTBUS JA3€PHOTO

Jyda Ha TOBEPXHOCTH 00pabaThIBAEMOT0 U3/CINS YBETUINBACTCS, TTOITOMY
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CTPYKTYypa JIETUPOBAHHOTIO CJI0sl OoJiee o fHOpoIHA (puc. 2, puc. 3a u puc. 30).
[Tpudem cTeneHb OHOPOTHOCTH CTPYKTYPHI 3aBUCUT OT CKOPOCTH
NepeMeIeHHS JIa3epHOTo Tyda OTHOCHTEIIFHO 00pabaThiBaeMOl TOBEPXHOCTH.
Yem MEHbIIIE CKOPOCTh, TEM OOJIBIIE TONIIHWHA CIIOS B 00Jiee OJHOPOTHAS
CTPYKTYypa C paBHOMEPHO PaCIpPEIEICHBIM JIETHPYIOIINM 3JI€MEHTOM

o0Opa3yeTcsi B HEM.

Puc. 1. MukpocTpyKkTypa yriepoancTou cranu rnocie jgerupoanus Nb

B UMITYJIbCHOM PEXHUME U3yyeHus, X750

TexHOTOTHYECKUMH TTapaMeTpaMu JIA3EPHOTO JIETHPOBAHUS SBIISTFOTCS
MJIOTHOCTH MOIIHOCTH M3Ty4Y€HHUS U KOJTUYECTBO JIETHPYIOIeH 00Ma3Ku,
HAaHOCHUMOW Ha MMOBEPXHOCTh yIpodHsieMoro usaeius. C yBelndeHrneM
MJIOTHOCTH MOIIHOCTH TOJIIIMHA MOJUMUIIMPOBAHHOTO CJIOS YBEIUYUBACTCS IS
BCEX UCCJIEYEMBIX JIETUPYIONTUX 3JIEMEHTOB, IPUYEM CJIOU C aJTFOMUHHUEM
BCET/Ia IMEIOT OOJIBIITYIO TOJIIMHY, B TO BpeMsI KaK CJIOH, JISTHPOBAHHbBIE
MOJIMOJIEHOM — HauMeHbIyto. KonrdecTBo 00Ma3ku, HAHOCUMOU Ha
MOBEPXHOCTH CTaIIM Tiepe]] 00pabOTKOM, TaKKe OKa3bIBaeT CYIIECTBEHHOE
BIIUSIHUE KaK Ha TOJIIMHY JIETUPOBAHHOTO CJIOS, TAaK U HA KOHIIEHTPAITUIO
JICTUPYIONTUX 3JIEMEHTOB. UeM OoJibiiie 00Ma3Ku, TEM MEHBIIE TOJIINHA
JICTHPOBAHHOTO CJIOS ¥ TEM BBIIIEC KOHIICHTPAIIUS JICTHPYIOITUX
AJIEMEHTOB B HEM.

MUKpOpPEHTTeHOCTIEKTPATBbHBIM aHAJTU30M TTPH HETPEPHIBHOM

CKaHUPOBAHNH 30HJAA B XapaKTCPUCTUICCKOM HU3JTYYCHHUHU COOTBCTCTBYIOIIHUX
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3JIEMEHTOB YCTaHOBIICHO, YTO JICTUPYIOIINE SJIEMEHTHI B MOIUPHUITIPOBAHHOM
cJI0€ coaeprKaTcs B KoaudecTBe oT 5 10 17%. YcranoBiaeHo, 94To OoJiee BRICOKAs
KOHIICHTPAIUH JISTHPYIOIINX 3JIEMEHTOB Ha0II01aeTcs B o0pasiax,
00paboTaHHBIX B HETIPEPHIBHOM PEKHUME JIA3€PHOTO U3IYUYCHHS, YeM B 00pa3Iax
00pabOTaHHBIX B UMITYJICHOM PEKHUME, PUUYEM PACTIPEIEIICHBI OHU TI0 BCEH
TOJIIMHE cj10s paBHOMepHO (puc. 36). UccnenoBanus ¢ha3oBoro cocraBa
MOKAa3aJId, YTO B MAJIOYTJIEPOAUCTHIX CTAIIAX B JIETUPOBAHHBIX 30HAX
00pa3yroTcs TBEpIbIE paCTBOPHI 3aMEIICHHS JICTUPYIOMINX dJIeMEeHTOB B 0—Fe, a
B BBICOKOYTJICPOIUCTBIX — KPOME TBEPIOTO PACTBOPA B CTPYKTYPE MOSBIISTFOTCS
MEJIKOAUCTIEPCHBIE KapOU/Ibl JIETUPYIOIINX AIEMEHTOB, UTO U OOBICHSET OoJiee

BBICOKMM YPOBEHb UX YIIPOUHEHUS YKE Ha HTAIC JETUPOBAHUA.

Puc. 2. MukpoctpykTypa cranu 45 mociie jJa3epHoro JerupoBaHus Mo B yCIOBUAX
HenpepbIBHOTrO u3nyuyenus, P = 1kBt, V=15 mwm/c, x100

[Tpu nerupoBaHuM CTaau B HENPEPHIBHOM PEKUME JIA3EPHOTO U3TyUCHUS
BaHAJIMEM WJIU XPOMOM B MOJTU(DUIIMPOBAHHOM CJIO€ WX KOHIICHTPAIIHS
nocturaet 15-17%, moimbaenoM okoso 8%, amromuHueM — 10 5%. Ha
Tu(PAKIIMOHHBIX CIIEKTPAX, CHATHIX C TIOBEPXHOCTH MOMEPEUHBIX MITH(OB,
oOHapy»xeHbl nHTepMeTauabel Thna FeMo and Fe;Mog, uTo 00BsicHseT
MPUPOJIY BEICOKOW TBEPJIOCTH MAJIOYTIEPOAUCTON CTAJIM MOCTIE JTa3ePHOTO
JIETUPOBAHUS MOJIHOICHOM.
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MertannorpadguueckuM aHAIM30M cepur 00pa3IoB, MOABEPTHYTHIX
Ja3epHOMY JISTUPOBAHUIO B HETIPEPHIBHOM PEKUME U3ITyUCHHsI, ObLT OTIPEIeTICH
WHTEPBAJl CKOPOCTEH MIEPEMEIIEHHS JIA3ePHOTO JTyda OTHOCHTEIHHO
oOpabaTeiBaeMOi TTOBEPXHOCTH, 00CCTICUNBAIOIINI ITOTyYCHHE
CBEPXMEJIKO3EPHUCTOM CTPYKTYPHI JIETUPOBAaHHOTO (pepputa, 6osiee nin MeHee
OJIHOPOJIHOM M0 BCEMY 00BeMY 30HBI IIJ1aBiieHus (puc. 3a). JIump BOM3U
TPAHMIIBI C OCHOBHBIM METaJUIOM 00pa3yroTCsl KPUCTAIUIBI, OPUCHTHPOBAHHEIE B
CTOpPOHY 0TBOja Teruia. OOHapyKeHO, YTO HanbOoJIbIliee U3METbUCHNE 3epHa

Ha6JIIOIIaeTC}I IIpH JICTUPOBAHUU MOJII/I6I[€HOM, 4 HAUMCHBIICC — BaHAaIUCM.

Puc. 3. Muxkpoctpykrypa ctanu 20 nocie ja3epHoro jerupoBanus Cr B yCIOBHUIX
HenpepsIBHOTO u3nydenus, P =1 kBt, V=10 mm/c, x800 (a),
pacrnipenenenue Cr B erupoBanHoit 30He, X100 (6)

MUKpOTBEPAOCTh CTANIH, YIIPOUHEHHOM JIA3€PHBIM JIETUPOBAHUEM B
YCJIOBUSIX HEMIPEPBIBHOTO JEUCTBUS, CYIIIECCTBEHHO 3aBUCHUT OT COACPIKAHUS
yriiepoja U TUIA JETUPYIOLIETO eMeHTa. MUKPOTBEPIOCTh COXPaHSAETCS
MOCTOSTHHOM Ha BCIO TOJIIIMHY MOJIU(DUITMPOBAHHOTO CJIOS U COCTABIISIET
3000...12000 MIIa pyis manoyrinepoaucteix craneit u 8000...15000 MlTa qns
BBICOKOYTJIEPOJAUCTHIX.
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Jlazepnoe necuposanue cmaneii HUMPUOOOOPAZYIOUWUMU ITIEMEHMAMU
¢ nocieoyrouwium azomuposanuem. Henocratkom nazepHoit 00pabOTKH CTaeH,
0COOEHHO BBICOKOYTIIEPOIUCTHIX, SIBISETCS HEOAHOPOIHOE PACTIPEICICHHE
OCTATOYHBIX HANPSHKEHHUM BOJIM3HM IPaHUIBl C OCHOBHBIM METAJIJIOM, YTO
OTPULATEIBHO CKA3bIBAETCA HA XapaKTEPUCTUKAX TPEUIMHOCTOMKOCTU. DTOT
HEJIOCTATOK YCTPAHSAETCS IEYHBIM HAIrPEBOM, KOTOPBIN, OJHAKO, CHUKAET
ekt ynpouHeHus1, JOCTUTHYTHIN Ja3epHBIM JIETUpOoBaHuEM. B 3Toil cBs3n
HarpeB JIa3epHOJIETUPOBAHHOM cTalu B aTMOcdepe aMMuaKa
MPEANOYTUTENBHEE, C TOUKH 3PEHUS yCTPAHEHUS HEOIaronpusTHBIX
PACTATHUBAIOIIUX HAIMPSHKEHUM NP HATPEBE, U CO3aHUs TOMOJIHUTEIbHBIX
OJIarONPHUATHBIX C)KUMAIOIIMX HAMPSKEHUH 3a CYET 00pa3oBaHus
HUTPUIHBIX (as3.

HccnenoBanus BAUSHUS KOMOMHUPOBAaHHOM 00pabOTKH Ha
dbopmupoBaHre MOAUPUITUPOBAHHOTO CIIOS IPOBOMIUCH JIJISl CTAJICH C
conepxkanneM yraepona ot 0,2% no 1,0%. AzotupoBanue
JIa3€pHOJIETUPOBAHHBIX CTAJIEN MPOBOJIMIIN B MPOMBIIIUIEHHON €YU 1O
CTaHJapTHBIM pexkuMaM. Ha pucynke 4 nokazano ¢gopMupoBaHue
MOJUDUIITPOBAHHOTO CJI0SI B IOBEPXHOCTH CTaJIH.

[Tocne nazepHOro JerupoBaHus U KPaTKOBPEMEHHOTO a30TUPOBAHUS TIPU
temneparype 570°C MakcumanbHbie 3HaU€HUSI MUKpoTBEpAOCTH 10 21000 MIIa
JIOCTUTAIOTCS] HA MAJIOYTJIEPOJIUCTHIX CTANSIX, IETUPOBAHHBIX AITFOMUHHUEM.

KpaTtkoBpeMeHHOE a30TUPOBaHUE CTAJIEH, TOBEPXHOCTh KOTOPBIX
JIETMPOBaHa XpOMOM, BaHaJAMEM U MOJMOIEHOM (hOpMHUPYET
Mo U (HUIIMPOBaHHBIE CiIon ¢ TBepaocThio oT 12000 MIla no 18000 MlIla,
MOCTENIEHHO CHIDKAIOIIEH S 10 TONIIMHE (puc. 5). YBenuueHue
MPOJIOJKUTEILHOCTH MpOIEcca a30TUPOBAHUS 10 29 4 BbIpaBHUBAET
MUKPOTBEPAOCTH MO TOIIIMHE YIIPOYHEHHOTO CJIOS.

D¢ hHeKTUBHOCTH KOMOMHUPOBAHHOM TEXHOJIOTUH JIJISI

BBICOKOYTJICPOJAUCTBIX cTajieli HECKOJIbKO HIMKC, TdK KaK B ITPOLCCCC
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a30TUPOBAHMS B MOJAUPUIIMPOBAHHOM CJI0€ 00pa3yrOTCsl KAPOOHUTPHUIBI
JIETUPYIOIIUX 3JIEMEHTOB, KOTOPbIE UMEIOT MEHBIIIYIO TBEPAOCTh IO CPABHEHUIO

C HUTPpHUAAMHU.

Jlazepnast
JIOPOXKKa

30Ha J1a3epHOro
JIETUPOBAHMS

Juddy3noHHbIit
CIIOMH

Martpuua

Puc. 4. ®opmupoBanue MoauGUIIUPOBAHHOTO CIIOSI HA TOBEPXHOCTHU CTalIN
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Puc. 5. 3meHenue MHUKPOTBEPAOCTH IO TOJIIUHE MOI[I/I(bI/II_II/IpOBaHHOI‘O cnos cranu 20
ITOCJIC JIa3€PHOI0 JICTUPOBAHUA U KPATKOBPEMCHHOT'O a30TUPOBAHHUA

HpOBelIeHHBIC HCCJICA0OBaHU OCTAaTOYHBIX HaHpH)KeHI/Iﬁ ITOKa3aJin
MMO3UTHUBHOC BJIMSITHUC a30TUPOBAHUA HAa XapaKTCP UX paClIpCACICHUA B

MOAU(UITUPOBAHHOM CJIO€ YTIIEpOAUCTHIX cTajnel. [Iporecc azoTupoBanus
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OKa3bIBAET JBOITHOE BO3/CHCTBUE HA 30HBI, TOJIBEPTHYTHIC Ja3€PHOMY
JIETUPOBAHUIO: C OJTHOM CTOPOHBI, HACHIIIIEHHUE a30TOM MPUBOJUT K YBEIUYCHUIO
o0beMa U, Kak CIJIEJICTBUE, K MOSBICHUIO OJaronpusTHRIX CKUMAIOIIUX
HanpsokeHuil. C Apyroi CTOpOHBI, HArpPeB COMPOBOXKIAETCS CHUKEHUEM
HEOJIArONMpPUSITHBIX PACTATUBAIOIINX HAMPSHKECHUH, BO3HUKIIINX B TIPOIIECCe
na3zepHoit 00padoTku. [Tocie nazepHOro jerupoBaHus B IEHTPE JIa3epHON
JIOPOKKU 00pa3yrOTCsl 3HAYMTEIBHBIE IO BEJIMYMHE CKUMAIOIINE HAMIPSKEHMUS,
nocturaromue 380 + 30 + 520 + 80 MIIa B 3aBUCUMOCTH OT COJICp>KAHUS
yraepojia B ctainu. Uem OoJbIie yriiepoa, TeM BbIlie 9To 3HadeHue. [1o Mepe
yAQJICHUS OT IIEHTPa B MaJIO- U CPEAHEYTIEPOIUCTHIX CTAISX YPOBEHb
CKUMAIONINX HANPSKEHUN CHIXKAETCS TPAKTUYECKHU JI0 HYJISA, a 3aTEM BHOBb
HE3HAYUTEIBHO YBEIMUYUBAETCS. B BRICOKOYTIIEPOAUCTBIX CTANISIX HA TPAHULIE
JISTUPOBAHHOM 30HBI C MATPUIICH HAMPSKEHUST MEHSIIOT 3HAK Ha
MPOTUBOIOJIOKHBIHU, T.€. CTAHOBATCS PACTATUBAIOIIMMU. B COOTBETCTBYIOIINX
a30TUPOBAHHBIX 00pa3IaX YPOBEHb COKMMAIOIINX HAMPSHKEHUHN B IEHTPE
JIa3epHOM IOPOKKHU HUKE TIO CPABHEHMIO C HE a30TUPOBAHHBIMU 00pa3iiaMu 1
coctasisieT 80 £+ 80 + 120 + 80 Mma, a 3a ee npenesiaMy YMEHbIIAIOTCS A0
HYJIsI, IPUYEM B BBICOKOYTJIEPOAUCTHIX CTANIAX HEOJIAronpusiTHhIC
pPaCTATHBAIOIINE HAPSDKCHUS HE 0OHAPYKHUBAIOTCS (pHC. 6).

Takum 00pa3om, ocie KOMOMHUPOBAHHON 00PabOTKH YIIIEPOIUCTHIX
CTaJIel B IOBEPXHOCTHOM CJI0€ (DOPMUPYIOTCSI HE3HAYUTEIbHBIC TIO BEJIMUNHE
COKMMAIOIIME HANIPSDKEHUS U TIOJTHOCTHIO OTCYTCTBYIOT HEOIaronpusiTHbIC
pacTITUBAIOIINE HATIPSKEHUS.

CpaBHEHHE CBOWMCTB MOU(DUIIMPOBAHHBIX CJIOEB, MOTYyYEHHBIX
JIETUPOBAaHUEM U KOMOMHHUPOBAHHOW 00pabOTKOM MO3BOIMIIO YCTAHOBUTD
TEXHOJIOTUYECKUE OCOOCHHOCTH YIIPOUHEHUS JJIs AeTajel, paboTaromux B
Pa3JIMYHBIX YCIOBUSIX SKCIUTyaTaluu. B pe3ynbrare IIuTenbHbIX UCIIBITAHUN Ha
HM3HOCOCTOMKOCTH BBISIBIICHO CYIIECTBEHHOE Pa3IMiKe B TPUOOTEXHUUECKUX

XapaKTEPUCTUKAX MOIUDUIIMPOBAHHBIX CIIOEB, JISTUPOBAHHBIX PA3IMYHBIMHU

Ne 2(2)
nexadpnb 2014

ABgromornis - /[lorora - UH®PACTPYKTYPA
JJIEKTPOHHBIH HAYYHBIH JKYPHAT



Tpancnopmnuas mexnuxa

JETUPYIOIIMMU 3JIEMEHTAMHU, KaK /10, TaK U Nocie a30TupoBanus. Hamnyumme
pe3yabTaThl JOCTUTAIOTCS Ha CTAJSIX ¢ cofiepxkanuem yrieponaa 0,1...0,3%C,
JIETUPOBAHHBIX AIFOMUHHUEM, BAHAJIUEM U XPOMOM C TIOCJIEAYIOIIUM
azotupoBanueMm. [I[puMeHeHrie KOMOMHUPOBAHHOMN TEXHOJIOTUHU YIIPOUHEHUS
MTO3BOJISIET MOBBICUTh U3HOCOCTOMKOCTH a30TUpOBaHHOM cTanu 20 B 15 paz u
MOJIYYUTh MTOBEPXHOCTHBIN CJI0M, oOnagaromuii B 1,5...3 pa3a OonbIeit
M3HOCOCTOMKOCTBIO, YEM JIOPOTOCTOSIINE HUTpaioun, Tuna 38X2MIOA,
a30TUPOBAHHBIC 110 AHAJIOTUYHBIM PEXKHMAaM, 33 CYET BBICOKOW TBEPIOCTHU

MOBEPXHOCTHOTO cJiosi U hopMupoBaHus penbeda no tumy [Hlapmu.

o, Mlla
Y 075 1,75 275 375 475 575 6,75
200
0 = PaccrosiHue ot nienTpa
__—// ~__ Ja3epHOM TOPOXKKH, MM
200 4+ ) /
-400 /1 1
-600

Puc. 6. PaCHpeI[eJ'ICHI/IC OCTAaTOYHBIX HaHpH)KeHI/Iﬁ Ha MOBCPXHOCTHU CTAJIHN 20B HaIlpaBJICHUH,
NEpNCHAUKYIISIPHOM na3epH0171 JOPOIKKE: 1- JICTUPOBAHUC BaAHAIUCM, 2— KOM6I/IHI/Ip0BaHHaﬂ
o6pa60TI<a: JICTUPOBAHUEC BAHAAUECM + a30TUPOBAHUC

BoiBOABI

1. IlpennoxkeHa KOMOMHUPOBaHHAsI TEXHOJIOTHS, 3aKJIIOYAIOIIAsCS B
JIa3€pHOM JICTUPOBAHHUH CTAJILHON TTOBEPXHOCTH HUTPUI000PA3YIOITUMU
AJIEMEHTAMH U a30TUPOBAHUM.

2. Iloka3zaHo, 4TO HpPH JIA3EPHOM JIETUPOBAHUU B HEMIPEPHIBHOM PEXUME
U3ITyYCHUsI B CTAIBHON TTOBEPXHOCTH (POPMUPYETCS YIIPOUHEHHBIN CIOU

TonMUHON 600 MKM C OTHOPOJTHOW MEJIKO3EPHUCTON CTPYKTYPOU U
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PaBHOMEPHO pacipeieNIeHHbIM JIeTupyromum 3aementom. [locneayroiee
a30TUPOBAHKE MOBBIIIAET MUKPOTBEPAOCTh MAJIOYTJIEPOIUCTHIX CTaNCH 10
20000 MITIa, u3HOCOCTOHKOCTH — B 1,53 pa3a o CpaBHEHUIO C TPAAUIIMOHHO
a30TUPYEMbIMU HUTPAJLIIOSIMHU.

3. OnpeneneHbl ONTUMANIbHBIEC PEKUMBI TEXHOJIOTMYECKOTO Mpoliecca,
oOecreynBaroIKe noiayyeHne MHOTO(ha3HbIX AU(P(Y3MOHHBIX CIIOEB C BHICOKOM

TBEPAOCTHIO U U3HOCOCTOMKOCTBIO.
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O. Chudina

Creating of modified hardening layers

on the surface of steels by laser and chemical heat treatment

Abstract. The article is devoted to the problem of increasing of
operational properties of steel products through the creation of hardened layers
on the surface modified by laser and chemical-thermal treatment. The combined
technology consisting in laser alloying of steel by nitride-forming elements and

nitriding was proposed. It is shown that laser alloying in continuous radiation
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forms layer with homogeneous fine-grained structure with thickness
of 600 microns. The subsequent nitriding increases the microhardness of the
surface layer of low- carbon steels to 20,000 MPa, increases wear-resistance
in 1,5-3 times, and crack resistance in a 1,5 times. The optimal of technology,
which provide homogeneous multiphase diffusion layers
with high hardness and wear resistance, were defined.

Keywords: steel, surface, modification, laser alloying, nitriding, the

microstructure, microhardness, wear resistance.
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