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K 100-JIETHUIO CO OHA PONKIOEHNUA I0O.M. JIAXTHUHA

VK 669.017:001

JL.T. IlerpoBa (MAAU (ITTY))
Ten.: (499)155-08-29

K 100-1eTuio co aus poxaenusa FO. M. JlaxTuna:
HCTOPHS CO3JAHUS ¥ CTAHOBJIEHUS] HAYYHOI MKOJIbI MeTauioBeaenua MAJINA

6 mas 2010 r. ucromusiercst 100 jreT co THST pOXKIESHUS
3aBeAyIOIIero Kadenpoit MeTaJIOBEACHNST M TEPMOOOpa-
00TKM MOCKOBCKOro aBTOMOOMJILHO-I0POXKHOIO TOCY-
JIapCTBEHHOTO TeXHMYeckoro yHuBepcurera (MAIN)
Opus Muxaitnosuua JlaxtuHa. JJOKTOp TeXHUYECKUX
HayK, 3aCIy>KeHHBIN IeaTelb HayKd 1 TeXHnKu PD, may-
peat I'ocynapctBenHoit npemunn CCCP, [ToueTHbIi mpe-
3UIeHT Accolmannu MetauoBenoB Poccun, podeccop
FO.M. JlaxTun s1BAsIeTCS KPYMHEHIINMM YY€HBIM C MUPO-
BBIM MeHeM B obOsacti MetajuioBeneHus. FO. M. Jlaxtun
otnan 6osee 60 JieT cBOeit KMU3HU MCCIIEI0BAHUIO U pa3-
BUTHIO MPOLIECCOB TTOBEPXHOCTHOTO YITPOUYHEHUST, XUMU-
Ko-mepmuueckoil oopabomku (XTO), OH SIBISIETCS OCHO-
BOITOJIOKHUKOM TEOPUU M TEXHOJIOTMU TIpoliecca a30TH-
poBaHus B Poccuu.

IOpuit Muxaiinosuu Jlaxtux poauics B 1910 r. B Mo-
ckBe. CBOIO TPYHOBYIO AeSITeIbHOCTh OH Havyai B 1930 r.
Ha CpeTeHCKMX YePTEeKHO-KOHCTPYKTOPCKUX Kypcax ele
cryaeHToM. B 1931 r. mociie OKOHYaHUST MHCTUTYTA 1IBET-
HBIX METAJLJIOB U 30JI0Ta, KOTOpbliii B 1930 r. 6611 00paso-
BaH u3 (pakynapTeTa MOCKOBCKOI TOPHOI aKaaeMUMU,
IOpuit MuxaiitnoBuy padoTta cTapiiviM UHKEHEPOM Tpe-
cra Bcenpomytunuzanus. B 1932 r. oH nepeuien B aBua-
LIMOHHYIO MPOMBIIIJIEHHOCTh, padOTal Ha 3aBOJC OMBIT-
HbIX KoHcTpyKimii HATHU, a ¢ 1935 r. — HavaIbHUKOM
naboparopun MetamoBeneHus HUWMM12 Hapkomara
aBUALIMOHHOU nmpowmbliiieHHOocTU. B 1940 r. FO.M. Jlax-
THUH TIepeles Ha paboTy AeKaHoM (haKyabTeTa BO BHOBb
co3naHHbIiT MOCKOBCKUIT aBUAIIMOHHO-TEXHOJIOTHYE-
ckuit uHetuTyT (MATH). C 1942 o 1948 r. 10.M. Jlax-
THUH TIpopaboTal HaYaJIbLHUKOM Y4eOHOTO OT/esa U 3aBe-
nyroiuM Kadenpoit "TepMmuyeckass oopaboTka MeTas-
10B" B MOCKOBCKOM aBWAallMOHHOM WHCTHTYTE
uMm. C. Opmxonukunze (MAN).

C 1949 r. u no koHua xu3Hu F0.M. JlaxTuH paboTa B
MAJIN cHavana nekaHoM, a 3ateM B TedeHue 30 JeT mpo-
peKTOpOM o y4eOHO#t padore. Ha 3Toil TOJKHOCTU OH
IIPUHEC OTPOMHYIO TTOJIB3Y BY3Y B COBEPIICHCTBOBAHUH
y4eOHOro Mmpoliecca 1 METOIMYECKOW padOThI.

B 1957 r. FOpuit MuxaiinoBuy co3gal U BO3TJIaBUJ
Kadeapy MetajuioBeneHus u trepMmooopadorku MAJIN,
KOTOpasi U CErOIHsI MPOI0JIKAeT 3aI0KEHHbIE UM Tpaau-
LINN.

IO.M. JlaxTHy mpuHamIeXUT OoblIas pojb B pas-
BUTUU UHXEHepHOro oopaszosaHusi B Poccuu. B 1972 r.
OH BO3IJIaBWJI HAYYHO-METOIMYECKUI COBET IO TEXHOJI0-
TMU KOHCTPYKIIMOHHBIX MaTepuaaoB U MaTepualioBene-
Huto 'ockomoopazoBanusi CCCP u B TeueHHe MHOTUX
JieT pabotan ero npeacenateneM. KO.M. JlaxTuH ObL1 aB-
TOPOM YYEOHBIX TTPOrpaMM IO MaTepuaJoBeIECHUIO, €ro
yuyeOHUKM "MeTannoBeaeHue U TepMudeckasi oopadboTka
MetaioB" u "MatepuanoBeneHue” craiyu 6a30BbIMU T10-
COOMSIMU JUTS TIOATOTOBKY CTYACHTOB BBICIIMX M CPEITHUX
TeXHUYECKUX Y4eOHBIX 3aBeneHuii B Poccun, B cTpaHax
OJIVIDKHETO M JaJIbHEro 3apy0exbsi. DTU yUYeOHUKU HEeoJl-
HOKpaTHO Tepeu3naBajrich, ObUIM MepeBeJeHbl Ha aHT-
JIMICKU, PpaHLYy3CKUl, UCTTAaHCKUI, apaOCKUIT U KU-
Taiickuii s3b1ku. B 1987 1. yueOHuUK "MeTamioBeneHue u
TepMuueckast 00padoTka MeTasaoB" OblT yaocTtoeH 'ocy-
napctBeHHO ipemun CCCP. Yueonuku K0.M. JlaxTuna
OTJMYAIOTCS TJYOMHOU comepXaHUSI U JOCTYITHOCTbHIO
U3J0XKEHUST MaTepuralia, OHU TOJIb3YIOTCS 3aCIy>KeHHOM
MMOMYJISIPHOCTBIO Y CTYIEHTOB Y€ HECKOJIbKUX TMOKOJIe-
HUI1, MocienHee n3gaHue yueoOHnKoB BoIuio B 2008 T.

Kaxk nenaror, FOpuii MuxaiinoBuy JIaxTUH MOATrOTO-
BWJI OOJIBIIIOE KOJIMYECTBO MHXKEHEPOB, MO eT0 PYKOBOI-
cTBOM Oostee 60 conckaTesieil 3alUTUIN KaHIUAATCKKUE U
JIOKTOPCKME ACCePTALIMN, MHOTME U3 HUX CTaIM BUIHBI-
MU YYEeHBIMHU-MeETaJJIoOBeAaMM, pabOTalOIIMMU KaK B
Poccuu, tak u 3a pyoGexxom.

IO.M. Jlaxtun saBnsercs aBTopoM okoso 400 meyart-
HBIX pabOT, B TOM 4ucJie MOHOTpaduii, y4eOHbBIX U CIIpa-
BOYHBIX U3IaHNI, HAYYHBIX CTaTeii, a Takke 0osee 60 aB-
TOPCKHUX CBHUACTEIBbCTB Ha M300PETCHMSI.

IOpuit MuxaiiioBu4 aKTUBHO 3aHUMAaJICS OOIIECT-
BEHHOI IesITeIbHOCTRIO. bosee 25 et oH sSBIsICS wie-
HOM IIpe3uanyMa U IpeaceaaresieM ceKuuu "MeTajioBe-
JIIeHne 1 TepMHudeckass oopadorka” LleHTpaabHOTO TIpaB-
neansgs HTO Mamnpowm, mpeacegaTesieM HEePBUUHOM
opranm3anuun HTO B MAJIM, npencenmateneM Hayd-
HO-METOAMYECKOTO COBeTa YHMBEPCUTETA TEXHUUECKOTO
Imporpecca B MaIlllMHOCTPOCHUH, YICHOM PEIKOJIJICTUN
XypHazna "MertaioBelieHue U TepMuueckass o0padboTka
METaJJIOB", a TaKKe KHIDKHBIX PeHaKIIMil B M3IaTEIIbCT-
Bax "MamuHocTpoeHue", "Metamnyprus" u "Mup", 3a-
MmecturelieM npencenaresiss Copeta THTC CM CCCP 1o
npobieme "TepMudeckasg oopadboTKa", WIEHOM 3KCITEPT-
Horo coBeTa 1o Metautypruu BAK CCCP, nipencenare-

Vupounsiomue TexHoorun U nokpeitud. 2010. Ne 4 3
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JIeM ITHCCEePTAlIMOHHOTO COBETa M YJICHOM pPsSda YICHBIX
COBETOB, OeccMeHHBIM mpeacenaTeaeM OprkoMUTETOB
exerogHbIXx Bececoro3HbIx 1 MexXmyHapoIHBIX KOH(bEpeH-
LI, CUMIIO3UYMOB U ceMuHapoB. B 1994 r. npu peopra-
HU3AlMU ceKluKM "MeTalyioBeeHUe U TepMudecKas
o6padotka" HTO Marmmmpom B AcCOLMAIIAIO METaJIOBE-
noB Poccuu (PACMET) on 6bu1 u3dpan [loyeTHbBIM
MPe3uICHTOM ACCOIIMAIINH.

FO.M. JlaxTH HeycTaHHO MpoIaraHaupoBall POCCUIi-
CKYI0 HayKy Ha MeXIYHapOoIHBbIX KOHTpeccax, KoHpe-
PEHIIUSIX M CUMITO3WyMaX, B TOM UKCJIe M Ha KOHTPEeccax
MOTO. OH Bes OOJBIIYI0 HAYIHO-ITOMYJISIPU3aTOPCKYIO
paboTy, BEICTYIAS C JCKIUSIMHU TIepe YICHBIMHU 1 TIPON3-
BOJICTBEHHUKAMM, C O030pPHBIMM CTaThsIMU B KypHajax
10 pa3BUTHIO TepMudeckoil 1 XTO MeTansoB U CIUIaBOB,
OKa3bIBaJl OOJIBIIYIO MOMOIIb MPOU3BOJACTBEHHUKAM T10
BHEJIPEHNIO HOBBIX TEXHOJOTUYECKUX TPOIIECCOB.

3a yCcreuHsblil Tpy, MJI0JOTBOPHYIO HAYYHYIO U TeAa-
roruyeckyio aesteabHocTh FO.M. JlaxTuH ObLT Harpax-
nmeH opaeHamu OteuvectBa: KpacHast 3Be3na, "3Hak [lo-
yera", 30JIOTOM M JABYMs CEepeOpPSHBIMU MeJalsaMu
BIAHX, oH gBisercs naypeaTtoM MPEeCTUXHBIX TPEMUA
uM. JI.K. Yepnosa u A.H. MuHkesuua.

Posp FO.M. JlaxTuHa 3aKkjioyaeTcsi He TOJIbKO B €ro
JIMYHOM BKJIaJle B METAJJIOBETIECKYIO HAayKy, HO 1 B CO3-
TaHUW TIPU3HAHHOM HayJYHOU IIKOJBI. HayuHas mkoira
I0.M. JlaxTnHa cchopMmpoBaiach Ha 06a3e Kadeapsl Me-
TalioBeneHus U TepmMooopadboTkn MAJIN. OcHoByY 3TOi
IIKOJIbI COCTABJSIOT NECITKU YUYEHBIX, 00beTUHEHHBIX
o0IMMHU HaydYHbIMU noaxoaamu. IIpodeccop JlaxTun
Bcerna ObUT OKPYXKeH ydeHUKaMM, KOTOPbIM OH OKa3bIBaJl
TTOIEPKKY, IIEAPO NETUIICS COOCTBEHHBIMU 3HAHUSIMU U
OITBITOM.

Jwnana3zoH HayuyHbIX uHTepecoB FO.M. JlaxTuHa Ob11
Ype3BhIYAHO ITMPOKNUM, HO CPeIr MHOTUX HAyYHBIX Ha-
MpaBJICHUA, pa3BUBaeMBIX UM U €ro IIKOJION, IMPUOpH-
TETHBIM SIBJISJIOCH Pa3BUTHE TCOPUU U TEXHOJOTHU IIPO-
IICCCOB a30TUPOBAHUSI METAJIOB U CIUIaBOB. PaboOTHI
IO.M. JlaxtTuHa B 00JlacTU a30TUPOBAHUSI BO MHOT'OM
CIOCOOCTBOBAJIM BHEIPEHUIO 3TOTO MIPOTrPECCUBHOIO TEX-
HOJIOTMYECKOTO Mpoliecca B Pa3IUYHbIX OTPACIsX MPO-
MBIIIJIEHHOCTU. A30TUPOBAHUIO TIOCBSIIEHBI Hanbosee
3HauuTebHbie MOHOTpadum FO.M. JlaxtuHa: "®usnye-
CKHe OCHOBBI ITpoliecca a30TUpOBaHUs", "A30Tu3alusd
cranu", "AzotupoBanue crtanu”, "CTpyKTypa U IIpoY-
HOCTb a30TUPOBaHHBIX CIUIaBOB", "Teopus U TeXHOJIOTUs
a30THpOBaHMS "

Pa6ora KO.M. JlaxTHa 1o MCCIeA0BaHUIO a30TUPO-
BaHUs Havyajach ¢ cepeauubl 1930-x rogoB. Pa3zButue co-
BpPEMEHHBIX KOHILIETIIIMI a30TUPOBaHUS 0a3upyeTcsl Ha
TeopeTndeckux pazpadorkax FO.M. JlaxTrHa 1o BbISIBIIE-
HUIO 3aKOHOMEPHOCTE! (hopMUPOBaHUSI a30TMPOBAHHO-
ro cios. B cepenune 1940-x ronoB um Obl1a KCHepu-
MCHTAJIbHO TOATBepXacHa nuddy3moHHAS TpHpoOAa

TPOIIECCOB POCTAa a30TMPOBAHHOTO CJI0S. YCTaHOBIIEHO,
YTO MOCJIEAOBATEIBHOCTh 00pa30BaHUs Pa3IMYHBIX a3
MPU a30TUPOBAHUN HAXOAUTCS B TOJITHOM COOTBETCTBUU C
KJIACCUYECKMMM IPUHIMIIAMU IIPEeBpaIleHUI B METAJLII -
yeckux craBax. CorjiacHO 3TUM TIPECTABICHUSIM B
Mpoliecce a30TUPOBAaHUS BHaYasie 00pa3yeTcsl TBEPAbIid
pacTBop a3zota B peppure. [1pu gocTrkeHUN NpeaeabHOM
KOHIICHTpAlIMA a30Ta B TBEPAOM pacTBOpe obOpa3yeTcs
v'-haza — xumuueckoe coennHenue Fe,N. [ToBbiienue
KOHIIEHTpaluu azota B Y'-dasze [0 TpelaesbHOM
MPUBOINUT K 00pa30BaHMUIO BHICOKOA30TUCTOM &-(pa3bl.

B 1940-x romax mpodeccopom JIaXTUHBIM OBLIU TIPO-
BEICHBI BaxKHEHINE MCCICIOBAHMS 110 OIpPEIeICHUIO
IUdOOY3MOHHBIX KOHCTAHT U SHEPTUIl aKTUBALMU AUd-
¢y3uu azora B pa3IMYHbIX (a3zax a30TUPOBAHHOTO CJIOS.
DTO MO3BOJMJIO OLIEHUTH CKOPOCTb POCTa KaXXKIOi U3
5TuUX (a3, KoTopas OIpeaessieTcs] WHTCHCHUBHOCTBIO
I1bbY3UOHHBIX TTPOLIECCOB.

bonrbioe 3HaueHne umerot padotsl FO.M. JlaxtuHa
M0 U3YYEHUIO BIUSHUS yrjiepoaa U Jerupyrolmx 3Jje-
MEHTOB Ha nudhby3MOHHbIE TapaMeTphl, (ha30BbIl COCTaB
U CTPYKTYPY a30TUPOBAHHOTIO CI0SI. DTH MCCICIOBaHUS B
3HAYUTEJbHOUN CTeTIEHU CITIOCOOCTBOBAIN MTPOMBIIIICH-
HOMY NPUMEHEHMIO Pa3JIMYHbIX CTajel sl a30TUpOBa-
Hus. KOpuit MuxaitnoBuu 1mokasaj, 4YTo yBeJIUUeHUE CO-
IepKaHMS YIJIepoa B CTaal YMEHbIaeT 1 Gy3nOHHYIO
TOABUXHOCTH a30Ta B g-¢haze u B (peppuTe mpexie BCero
3a CYET MOBBIIIEHUST SHEPTUU aKTUBalMKU Tuddy3un azo-
Ta. DTO MPUBOAUT K YMEHBIICHUIO TOJIIMHBI BCETO a30-
TUPOBAHHOTO CJI0ST I TIOBEPXHOCTHOI'O HUTPUIHOTO CJIOSI.
FO.M. JlaxTMHBIM TIpenjIoXKeHBl YpaBHEHUS, TTO3BOJISIO-
e paccyutath Ko3dbuiueHTs 1uddy3umn a3ora u
TOJIIIUHY CJI0ST €-(ha3bl B 3aBUCUMOCTH OT KOHIIEHTPAIIUY
yriiepoaa B CTaju.

[Monpo6HO M3yYMB BIUSHUE JETUPYIOIINX JIEMEHTOB
Ha oOpa3oBaHue azoTupoBaHHoOro cios, KO.M. JlaxTun
YCTaHOBWJI, UTO JICTUPYIOIINE 3JIEMEHTBI: BOJIb(GpaM, MO-
JbIeH, HUKEJb, XpOM, MapraHell, TaK e KakK 1 yrJepo,
yMeHbIIaoT kKoadduiueHt nuddysun a3ora B o-dasze u
MPY 3TOM TIOBBIIIAIOT PACTBOPUMOCTh a30Ta B heppuTe.
B TO ke Bpemst pacTBOPUMOCTD a30Ta B &-(a3e B IPUCYT-
CTBUU JICTUPYIOIIUX DJEMEHTOB YMEHbBIIIAETCS.

CucteMHoOe U3yyeHue KMHETUKU U (pa30BOro cocraBa
a30TUPOBAHHOTO CJIOS B JITUPOBAHHBIX CTAJISIX TTO3BOJIM-
J0 FO.M. JlaxTuHy moKa3aTh OCHOBHBIE PA3JIMUUS B CTIe-
n1pUKe pocTa CIosl Ha JIeTUPOBAaHHOM (heppuTe U YMC-
ToM Xeyieze. OHO 3aKJII0YaeTcsi B TOM, YTO a30T MOXET
B3aMMOJICMCTBOBATh C HEKOTOPBIMU JICTUPYIOIIUMM 3JIe-
MEHTaMu, 00pa3yst TOMUMO HUTPUJIOB XeJie3a Crielnaib-
Hble HUTPUABI. BbLIO YCTaHOBJIEHO, UTO UMEHHO 3TH
HUTPUABl JICTUPYIOIIUX 3JIEMEHTOB U CTENeHb UX
IHUCIIEPCHOCTM B KOHEYHOM CYETE OIPEHe/ISIIOT TBep-
JIOCTh a30THPOBAHHON CTalH.
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DT Hay4dHBIE Pe3yJbTaThl OBLIM MPUHIUIIHAIBHO
BaXXHBIMU TSI Pa3pabOTKM M TIPOMBIILICHHOTO TIpHMe-
HEHUSI HUTpPaAJJI0oeB — a30THUPYEMBIX CcTajeil Tuma
38X2MIOA. OHM 1TO3BOJMIN BHEAPUTH TEXHOJOTUU, KO-
TOpbIE TIYTeM PETYJIMPOBAHUS CTEIIEHU AMCCOLIMALIUM aM-
MMaKa yCTPaHSIOT U3 1uhdY3MOHHOTO CI0ST 3TUX CTajei
g-da3y 1 TeM CaMBbIM ITO3BOJISIIOT M30eXKaTh XPYIKOCTHU
a30TMPOBAHHOTO CJIOS.

Hccnenoanus KO.M. JlaxTiuHa U €ro KOJUIET BBISIBU-
JI1 OCOOBIN XapakTep MOBEACHUsT aTIOMUHUS B a30TUPO-
BaHHBIX CIUIaBaX. BbUTO TTOKa3aHO, YTO B 30HE BHYTPEH-
HETO a30TUPOBaHUS aJIOMUHUN He 00pa3yeT COOCTBEH-
HBIX HUTPUIOB, a BXOIUT, TJIJaBHBIM 00pa3oM, B COCTaB
v’ -da3el — (Fe,Al),N. ATIOMUHUI HECKOJIBKO CHUXAET
pPacTBOPUMOCTH a30Ta B (peppuTe W IMPAKTUICCKH HE yII-
pouHsieT a-a3sy.

B Gonee mo3zaHue roapl TEOPETUUECKUE U DKCIIEPU-
MeHTaIbHBIe nccaenoBanus FO.M. JlaxTrHa 1o BIMSHUIO
JICTUPYIOIINX JIEMEHTOB B a30THUPOBAHHBIX CTAISIX OBLIN
MPOAOJKEHBI. BblM TpeaokeHbl 3aBUCUMOCTH, TT0O3BO-
JISIIOIIME paccuuTaTh KO3 GUuLUueHTs 1uddy3nun a3oTa B
JIETMPOBAHHBIX CTaJISIX TTyTEM BBEICHUST KO(DGHUITMEHTOB
JIETUPOBaHUS. DTU KOI(DDUIIMEHTHI, 3aBUCSIIAE OT KOH-
LIEHTPAIIAY JICTUPYIOIIETO 3JIEMEHTA B CTaJId, OBUIM 3KC-
MIEPUMEHTAIBHO OIIPeAeIeHBI IS psiga 2JIEMEHTOB Ha
OCHOBAHMU JaHHBIX [0 KWHETUKE POCTa a30TMPOBAHHBIX
CJI0eB B OMHApPHBIX CILJIaBax.

Baxwnyto ponb ceirpanu uccienoBanus 0.M. Jlaxtu-
Ha M0 CHUCTeMaTU3allNu TIPEICTaBICHUI O CTPYKTYpe a30-
TUpOBaHHOTIO cyosi. MM Oblia mpemyioxXeHa CTPyKTypHasi
MOJie/Ib, COIJIACHO KOTOPOI Ipenjiaraaoch pa3aeiuThb
nubby3MOHHBIN CI0I Ha MOBEPXHOCTHYIO 30HY COeIMHEe-
HU (HUTPUAHBIA UM KapOOHUTPUIHBINA CIIOW) U 30HY
BHYTPEHHETO a30THUpoBaHUS (MU PY3MOHHBII TTOACION
MOJI 30HOU COEAVMHEHUU, COCTOAIINNA U3 a30TUCTOTO
TBEPIOT0 pacTBOpa OCHOBHOT'O MeTajlla, ero HUTPUIOB U
HUTPUIOB JIETUPYIOIIUX 3JeMeHTOB). Ha ocHoBaHuU
9TUX TpPeJACTaBICHUN OBLIM pa3pabOTaHbl IMOIXOIbI,
MO3BOJISIIOIIME TToaydYaTh UG @Y3UOHHBIE CIOU C 3aJaH-
HBIMU MEXaHUYECKUMU CBOMCTBAMH.

Tax, nnga geraneii, padoTalIIMX B KOPPO3UOHHOI
cpelle U Ha U3HOC MPU MaJIbIX KOHTaKTHBIX Harpyskax,
TpeOyeTcsl a30TUPOBAHHBIN CJIOW ¢ pa3BUTON HUTPUIHOM
30HOI1, OT KOTOPOW 3aBUCUT TIPUPAOOTKA TPYIIMXCS T0-
BEPXHOCTEI M COIPOTUBIICHNE KOPPO3U.

[ns meraneil, paboTaloIIMX Ha U3HOC MPU OOJIBIINX
YIEJNbHBIX HArpy3Kax, B YCIOBUSIX YCTAJIOCTH, ITPU MOBBI-
IIEHHBIX TeMIlepaTtypax, HeoOXOIMM a30THUPOBAHHBIN
CJIOIt ¢ pa3BUTOI 30HOM BHYTPEHHETO a30THMPOBAHMS 0e3
XPYIKOTO HUTPUIHOTO CIIOS.

Takum 06pa3oM, MojJydyeHue TeX WX MHBIX CTPYKTYp-
HBIX U (Da30BBIX COCTABISIONIMX B a30TUPOBAHHOM CJIO€
MO3BOJISIET PEaU30BaTh PA3IMYHbIE SKCIUTyaTallUOHHbIE
TpeOOBaHUSI, TIPEIbIBISICMbIC K U3ICIIHSIM.

HeoneHnMEBII BKJIaD B CUCTEMATHU3ALIMIO IIPEACTaBIIC-
HUIl O mpoleccax a30TUPOBAHUSI BHECAM pabOThHI
IO.M. JlaxtuHa 1o KkjgaccuUKaluy 3TUX IIPOLIECCOB.
K xoH1y 1960-X ronoB a30TUpOBaHKE YKe TTOIYyIUIIO LI -
pOKO€ TTPOMBIIIICHHOE MCITOJb30BaHUE, TIPUMEHSIIIOCH
00JBIII0e KOJMYECTBO TEXHOJOTMUYECKUX MPOIIECCOB B
pa3IMYHBIX TeMIIepPaTypHBIX MHTEPBajlaX W HaChIIIal0-
mux cpenax. Ilo kinaccudukaumum, TpeaoXeHHON
FO.M. JIaxTUHBIM, MpOLIECChl A30TUPOBAHUST MOApa3e-
JISIUCHh Ha HU3KoTeMnepaTypHble (Hmke 600 °C — Tem-
ImepaTypsl 3BTEKTOMIHOTO IIpeBpallleHUs B CHUCTEME
Fe—N) u BoicokoTemrmiepatypHbie (Bbiie 600 °C). ITpu
9TOM K HU3KOTEMIIEpaTypHOMY a30TUPOBAHUIO OTHOCH-
JIUCh KaK TIPOIIECChI KITACCUYECKOTO a30TUPOBAHUS B aM-
MHaKe, TaK ¥ MPOIIECCHl ¢ MPUMEHEHNEM HAaCHIIIAIOIINX
cpen, copepxkalimx 100aBKU KKUCJI0poaa, BO3ayxa, yrie-
pormocoaepKallnx ra3oB, MHEPTHBIX ra30B, a TAKXKe MPO-
1IeCChl a30TUPOBAHUSI B XXMIKUX cpenax (B yrJIepoioco-
JepKalllix paciuiaBax coseit). K BeicokoTemIiepaTypHO-
MY a30TMPOBAHMIO OTHECEHBI MPOIECChl a30TUPOBAHUS
TyroraBkux MetamioB (Beime 900 °C) u mpoiueccsl
a30TUPOBAHMST ayCTCHUTHBIX W (hePPUTHBIX CTaJICH.

Henb3s He orMeTuTh BecoMblil BKaa FOpust Muxarii-
JIOBUYA B Pa3BUTHUE TEXHOJOTUU Ipollecca a30TUpPOBa-
Hus. Eume B 1930-x rogax, Oyayyu MOJOAbIM acTIUpaH-
ToM, KO.M. JIaxTUH NOAKIIIOYMJICS K UCCIAEIOBAHUSIM I10
AHTUKOPPO3MOHHOMY a30TUPOBaHMIO. bbIIo ycTaHOBIE-
HO, YTO BBICOKOM KOPPO3UOHHOI CTOMKOCTBhIO 00J1aJaeT,
[JIABHBIM 00pa30M, BBICOKOA30THUCTas e-(a3a. beiio mo-
KazaHo, YTO I MOJyYEeHUs] ONTUMATIbHON CTPYKTYpPbl U
HaMOOJIBIIIETO 3HAYCHUS 3ICKTPOTHOTO ITIOTEHIIAJIA a30-
TUPOBAHUE CJIEAYET MPOBOAUTH MPU TeMIIepaTypax BbIILIe
600 °C u creneHy OUCCOLMALlMM aMMHUaka He 0OoJjee
60...70 %. DTH TEXHOJIOIMU MTO3BOIMIN JOOUTHCS KOPPO-
3MOHHOI CTOMKOCTHU cTajieil B aTMoc(depe, Bole, mnepe-
IPETOM Mape U OPYIUX Cpenax.

B 1950-x ropax FO.M. JlaxTuHbIM pa3paboTaHbl TEXHO-
JIOTUYECKMe TIPoliecChl, Ha3BaHHbBIE "HUTPO3aKaJKoi".
ODTO0 KOMOMHUPOBAHHbIE CITOCOOBI 0OPAOOTKU, COBME-
IIAOIIME MPOILECCH a30TUPOBAHMS M 3aKaJKU C ITOCIIe-
IVIOIINM HU3KOTeMITepaTypHBIM OTITYCKOM. B pesynbrarte
TaKMX IIPOILIECCOB 3HAUYMTEIHLHO TTOBBIIIACTCS TBEPAOCTh
a30TMPOBAHHOTO CJI0SI TT0 CPAaBHEHUIO C KITACCUIESCKUM Ta-
30BBIM a30THMPOBAHMEM, UTO CBSI3aHO ¢ 00pa3oBaHUEM
a30TUCTOr0 MapTeHcuTa. HuTposakaika mo3Bojuia Imo-
BBICUTH M3HOCOCTOMKOCTD U TIpe/ie BEBIHOCIUBOCTH BBICO-
KOYIJIEPOIUCTBIX CTaJIei.

boabuioii Bkaan KO.M. JlaxTuH BHecC B pa3pabOTKy
Pa3IMYHBIX HACHIIIAIOMNX Cpel P a30TupoBaHuu. m
MpenoXeH crocod pa3daBieHUs aMMUaKa OTpadoTaH-
HBIMU a30TUPYIOIIMMHU Ta3aMH, a TakKXKe TEXHOJIOTHUS
KPaTKOBPEMEHHOTI'0 Ta30BOr0 a30TUPOBaHUs C ToOaBKa-
MM YIjaepogocoaepXxaiuux razos. B 1960-¢ roasl mon py-
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KOBOICTBOM Tipocdeccopa JlaxTnHa Ha Kadeape MeTauio-
BeleHUs1 U TepMoobpadbotku MAJIM paspaboTaHbl Mpo-
IIECCHl  HU3KOTEeMIICPAaTYpHOM  HUTPOIeMEHTAIIUHU
KOHCTPYKIIMOHHBIX, MHCTPYMEHTAIBHBIX CTaJIell U 9yTy-
HOB IIJIS AeTajeii JOPOKHO-CTPOUTEILHOTO MHCTPYMEH-
Ta. DT padoTel ObIIM ymoctoeHbl Tpemuu BHTO
MamuHoctpouTteneit umenn H.A. MuHkeBuya.

OCHOBHOE MPEUMYIIIECTBO ITPOBEACHMS IIPOIIECCOB C
HCTIOJIb30BAHUEM YIJIEPOAOCOACPKAIINX CPEl 3aKIioua-
eTCs B BO3MOXKHOCTHU PETYJINPOBaHMS HACKHIIIAIOIIETO 10~
TeHIIMaja aTMOC(HEpPhl, YTO MO3BOJISICT IMOJYYUTh ONTHU-
MaJIbHO€ CTpPOeHME U cocTaB AU(GGY3MOHHOTO CJos. DTO,
B CBOIO o4epenlb, 00ECIIeUnBaeT BHICOKME (hU3MKO-Mexa-
HUYECKHUE XapaKTepUCTUKU CTasleil, OTBevarolue 3aaaH-
HBIM 3KCIUIyaTallMOHHBIM TPeOOBaHUSIM: MOBBIIIEHUE
HU3HOCO- U KOPPO3UOHHON CTOMKOCTU, CONMPOTUBICHUS
YCTaJIOCTU, CTOMKOCTU pexXyllero MHCTPyMEHTa B
2—5 pa3. Kpome Toro, obecrieunBaeTcsi yCKOpeHUe Tpo-
mecca B 1,5 paza U BO3MOXHOCTb IPOTPaMMHOTO
YIpaBJIeHUs MPOLIECCOM IS KOHCTPYKIIMOHHBIX, MHCT-
PYMEHTaJbHbIX, KOPPO3UOHHO-CTOMKUX U JPYIUX
CTaJieil.

B aTn Xe rogwl Ha Kadenpe METAIIOBENCHUS U TEp-
MOOOpPabOTKM ObUIM HayaThl pabOThI IO a30TUPOBAHUIO B
TJ1a3Me TIeolnero paspsina. bosbIoil BKiaa B pa3padboT-
Ky HAyYHBIX OCHOB TIpoliecca, MPOMBIIIIJIEHHBIX TEXHOJIO-
Ui 1 000PYIOBaHMS IJISI HOHHOTO a30TUPOBAaHUS BHECIA
HayuHas mkoja FO.M. Jlaxtuna. [lepBas B cTpaHe ycra-
HOBKa UISI MOHHOTO a30TUPOBaHMS ObLIa pa3paboTaHa 1
M3TOTOBJIeHa MMEHHO Ha Kadeape MeTaJIOBeACHNUS U
Tepmoobpadbotku MAJIU. IlpeumyiiectBaMu TEXHOJIO-
TUU a30TUPOBAHUS B TJICIOIIEM pa3psiae SIBISIIOTCS: KO-
JIorudeckasi 6€30IMacHOCTh Mpollecca, MUHUMAJIbHBIC KO-
pobrneHust u nedopmaiuu U3Aeanii, a Takke IKOHOMMUS
TEXHOJIOTUYECKHUX Ta30B U SHEPTUM 3a CUET COKpPAIICHUS
IJIATEIbHOCTU Tpoliecca. bbuio mokazaHo, 4YTO MOHHOE
a30THpOBaHue obecreunBaeT B 2—3 pasa OOJIbIIYIO CKO-
pocTth pocTta AU(PGY3MOHHOTO CJIOsI, YeM Ta30BOe
azotupoBaHue. MHTeHCcHbUKaLMS HACBILIEHUS TP 3TOM
00BSICHSIETCS JECTBUEM TIICIOLIETO pa3psiia Ha BCe
9JIeMEHTapHbIe MPOLIECChl: aKTUBALIMIO Ta30BOI (ha3bl,
agcopouuio u nud@ysuto.

[TpumeHeHre peryiupyeMbiX MPOLEecCoB a30TUPOBa-
HUSI B TJICIOILEM pa3psifie obecriednBaeT (hOpMUPOBAHUE
OINTUMAJIBHOTO JUIST 3aJaHHBIX YCIOBUM 3KCIUTyaTalluu
CTpoeHuUs azoTupoBaHHOro ciaos. KO.M. JlaxTuH npenio-
KWJT CBoeoOpa3Hoe 00bsICHeHNE MeXaHu3Ma (hopMHUpOBa-
HUST TUPY3MOHHOTO CJI0SI TIPU MOHHOM a30TUPOBAHUU,
COTJIaCHO KOTOPOMY JBIKYIIEN CUIION ITpoliecca sIBJIsIeT-
Cs1 BBICOKMI TpaJIMeHT KOHIIEHTPAIINY a30Ta, YCTaHABIHU-
BAIONIUIICS B Havajie HACHIIEHUs. AKTUBAIINS TTOBEPX-
HOCTHU W TIOBBIIIICHHAsT KOHIIEHTpausI Ae(PeKTOB B I0-
BEPXHOCTHOM CJIO€ TOJ AeiicTBMEM MOHHON GoMOap-
IVPOBKM COIIPOBOXIAIOTCSI aKTUBHBIM ITOTJIOIICHUEM

a30Ta MOBEPXHOCTHIO, UTO IMIPUBOAUT K MHTEHCUBHOMY
POCTY CJIOSl U TIOBBIIICHUIO TBEPAOCTH yXe B MEpPBbHIC
5 MUH Tpoliecca.

B TeueHue MHOTMX JIeT Ha Kadeape coBeplleHCTBOBA-
JINCH TIPOIIECCHl HOHHOTO a30THUPOBAHUS B HAIIPABICHUN
OINTUMU3ALUU TEXHOJOTUYECKUX PEXKMMOB U MCITOJIb30-
BaHMS Pa3IMIHBIX HACBIIIAIONINX CPel: aMMUAaYyHO-ap-
TOHHBIX, a30TOBOIOPOIHBIX, a30TOHAYTICPOKUBAIOIINX.

OrpomHoii 3acayroit FO.M. JlaxTuHa 1 eTo KOJUIeT
SIBUJIACh pa3paboTKa KOHIIEMILUMNA KOHTPOJIS U PEeryInupo-
BaHUSI MPOLIECCOB ra30BOro a3oTUpoBaHuUs. B cepenune
1970-X TomoB COBEPIIEHCTBOBAHME ITPOIIECCOB a30THUPO-
BaHUs 1IUJIO, TJIAaBHBIM 00pa3oM, MO MyTH CO3AaHUs HO-
BBIX HACHIIIAIOIINX CPel, B CBSI3M C YeM BO3HUKIIA Ha-
cylrHas mpoOiema ymOpaBjieHMs Tra30Boi (pa3oii.
FO.M. JlaxTrHbBIM ObLTO C(HOPMYIMPOBAHO MOHSTHUE A30T-
HOT'0 TTOTCHIIMANa Ta30BOM aTMochephl KaK (QYHKIIUHN
nmapuydaJbHbIX JaBJCHUI aMMuaka M Bojopoaa. DKCIie-
PUMEHTAJIBHO TTOJIyYeHBI 3aBUCUMOCTH PaBHOBECHOTO
a30THOI'O MOTEHIIMajla OT KOHIICHTpallMKd a3oTa B o- U
g-(azax Ipyu a30TUPOBAHUM B IMUCCOLMUMPOBAHHOM aM-
muake. [lognepxuBasi a30THBIN MOTEHIIMAA Ha YPOBHE
pacTBOPUMOCTU a30Ta B TOW WM ApYyroi (aze, MOXHO
ITOJTYINTh a30TUPOBAHHBIN CJIO#, COCTOSIIINI TOJBKO U3
0,-TBEPIOro pacTBopa, JUO0 cpopMUpPOBaATh HA MOBEPX-
HOCTU HU3LIWI HUTPpUI — ' -(a3zy, 1Mbo noayuuTsb g-a-
3y C HU3KUM cofepxXaHueM a3zoTa. PeryiupoBarh a3ot-
HBII TTOTEHIIAAIT TIpeIarajoch IyTeM pa30aBIeHUS] aM-
MHaKa TOJHOCTbIO AUCCOLMMPOBAHHBIM aMMUAaKOM,
KHUCJIOPOIOM, BO3yXOM, YIJIEepOAOCOAepXKaIIUMU Ta3a-
M. CaMBIM IIPOCTHIM CIIOCOOOM KOHTPOJISI a30THOTO
MoTeHIIMaga OblI0O U3SMEHEHUE CTENEeHU TMCCOLMAluU
ammuaka. TakuM o6pa3oM, MOXHO TIPU BCEX TEMIEPATy-
pax a30THUPOBAHMS PETyJIMpPOBaTh (Pa30BBIM COCTaB U
colepxxaHue a3oTa B ¢hazax a30TUPOBAHHOTO CJIOSI.

YcTaHOBIEHHbBIE 3aKOHOMEPHOCTH U3MEHEHUS a30T-
HOTO TIOTCHIIMAJIa Ta30BOM aTMocdepsl UMEIN OOJIBIIOe
3HaYeHME AJIs yIIpaBJIeHUS Ta30Boi (pa3oii ¢ 1eabl0 KOH-
TPOJISl U PEeryIMPOBaHUS MPOLIECCOB ra30BOro a30TUPOBA-
Hus. Ha 0a3ze 3Tux 3aKOHOMEpPHOCTE pa3paboTaHBI
peryIupyemMble TeXHOJIOTUM a30TUPOBaHUSI.

BakyymHoOe azoTupoBaHMe CTau MO3BOJSECT MOBBI-
CUTb 3KCIUTyaTallMOHHBIN pecypc netajieid MalmuH (3yo-
YaThIX KOJIEC, TTYHXKEPHBIX T1ap, TIPYKUH, MHCTPYMECHTA).
A30THpOBaHME B YCIOBUSIX TOHUKEHHOTO NaBJICHUS YBe-
JINYMBAET TUIACTUIHOCTh M CHUKAET TOPUCTOCTh HUTPUJI-
HOTO ¢J10s1. 3a CYeT KOHTPOJIS MapaMeTpOB Mpoliecca Bpe-
Msl HachlleHUs cokparaeTrcs Ha 20...60 % u peanusyer-
CcsT BO3MOXHOCTh YIpaBJiIeHMS TapaMmeTpaMu auddy-
3uoHHOTO cios. [lo cpaBHEHMIO C TpPaaUIIMOHHBIM
MEeYHBIM a30TUPOBAHMEM ITOBBIIIACTCSI COIPOTHUBICHUE
YCTAJIOCTA U M3HOCOCTOMKOCTh CTaJIH.
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OCOOCHHOCTY LIMKJINYECKOTO a30TUPOBAHUS B 3aMK-
HYTOM 00BEeMe 3aKITI0YAIOTCS B IMIEPUOINICCKON MMomade
aMMHaKa B TIeYb B COOTBETCTBUM C AUATPAMMOI IIUKJIIOB.
B 3aBHCHMOCTH OT 3alaHHBIX ITAPAMETPOB YIIPOUYHCHUS
BBIOMpaETCsI BpeMsI IpeObIBAHMUS Ta30BOI TOPIIUK B TICUHN
M KOHIICHTpAILMs aKTMBHOTO Ta3a. DTO ITO3BOJISIET PeTy-
JIMPOBaTh (ha30BbIi COCTAB a30THPOBAHHOTO CJIOS 34 CUET
yIIpaBJICHUST a30THBIM ITOTEHIIMAIIOM aTMOC(hepHl TI0 Te-
KyIIeMY JaBJIeHUIO B KaMmepe. BbIOOp TeXHOIOTUYECKUX
mapaMeTpoB MPOIecca OCYIIECTBISICTCS B 3aBUCUMOCTH
OT TpebyemMoro cTpoeHus cios. Llukanueckoe a30TUpo-
BaHHWE COKpalllaeT pacxoJ HachIIlalIIUX Ta30B B
5—10 pa3 u obecreunBaeT MOBBILLIEHHYIO 9KOJIOTUYECKYIO
YUCTOTY Ipoliecca.

IIupokoe pa3zBuTHe BHICOKOI(PHEKTUBHBIX TEXHOJIO-
Uil peryJIMpyeMbIX MPOLIECCOB a30TUPOBaHUsI, TpeOOBaB-
XX KOHTPOJISI MTapaMeTPOB B Y3KOM Auana3oHe 3Haue-
HUI, BBI3BAJIO HEOOXOAMMOCTb Pa3pabOTKU, CO3NaHUS U
BHEIPEHUST aBTOMaTU3UPOBAHHBIX CUCTEM, IIPUOOPOB U
YCTAaHOBOK C MCITOJb30BaHUEM MUKpo-OBM B uenu
yrpasnenus. [og pykosoactBoMm KO.M. JlaxtuHa Oblia
pa3paboraHa cucTema ymnpasieHus nporeccamu XTO,
BKJTIOUAIOINAs IIPOrPaMMHOE YCTPOMCTBO JUISI TIPUTOTOB-
JICHUSI MHOTOKOMITOHEHTHBIX Ta30BBIX aTMOcdhep, CHUCTe-
My Ta3000ecIieueHNsI, TT03BOJISIONIYIO 3aIaBaTh pa3imd-
HBIE COCTaBBI HACHIIIAIOIINX CMECEi, CUCTeMY KOHTPOJIS
1 peryIMpPOBaHMSI HACKHIIIAIOIIETO TTOTeHIIMAIa aTMocde-
pHI (a30THOTO, YIVIEPOMTHOIO, KHUCIOPOIHOIO), CUCTEMY
KOHTPOJISI KHHETUKU (popMUpOoBaHUS AUGGY3MOHHOTO
ciost. Ilpy co3gaHWM CHCTEMBI TSl YIIpaBJICHUS TIPOIIec-
camu XTO ObL1a KCoJIb30BaHa MepeaoBast 1Jisl TOro Bpe-
MEHU MHUKPOIIPOILIECCOPHAs TeXHUKa. Tak, KOHTPOJIb
a30THOTO MOTEHIIMAJIa OCYIIECTBIISIJICS ¢ ITOMOIIBIO HE
MMEIOIIEro aHaJIOrOB MOHM3AaIMOHHOTO AaTJ4nKa IJis He-
IMOCPEICTBEHHOTO M3MEPEHUS CTEIECHN TUCCOINALINN
ammnaka. Ero mpuHIIMI OCHOBAaH Ha SIBJICHWUW MOHU3a-
LI MOJIEKYJT Ta3a MPH X TEPMUUECKOU TUCCOINAIINMN.
ABTOMaTHU3UPOBAHHAS CHCTEMa YITPABJICHUS MO3BOJISIET
BECTHU IpoOliecC Mo IMporpaMme, B KOTOPOW 3amaloTcs
TeXHOJOrMYecKMe MmapaMeTphl mpoliecca (Temriieparypa,
cocTaB aTMoc(depbl U e€e M3MEHEHHE BO BpPEMEHH,
MPOJOKUTEJIbHOCTh Ipoliecca U OTACAbHBIX €ro CTa-
nuil). 3agaHHas IporpaMMa o0ecIieunBaeT MoJaydyeHue
TpeOyeMoli IIyOMHBI U CTpOeHUs INMDDY3MOHHOTO CJIOS.

B xoHn1ue 1970-x romoB Ha BoJiHE OYpHOTO pa3BUTHUS
KOMIIBIOTEPHOI TeXHUKW U TEXHOJOTUIl aKTUBU3UPOBa-
JINCh HAayYHBIC HAMpaBJICHUS, CBSI3aHHBIC C TIPUMEHEHU -
eM 3TUX MeTOoHO0B B MeTajtoBeacHuu. FO.M. JlaxTuH co
CBOMCTBEHHBIM €My HAyYHBIM YYTheM YJIOBWII 3TU COBpPE-
MEHHbIE TEHJIEHIINM, U Ha Kadeape ObU1 chopMUpOBaH
KOJUIEKTHB CICHHAINCTOB 10 KOMITBIOTEPHOMY MOJEIH-
POBaHMIO TPOILIECCOB, MPOUCXOAAIINX TIPU a30TUPOBA-
HUU U TI0 pa3pabOTKe MPOTPaMMHOIO 00eCTICUCHUS TeX-
HoJIoTMYecKoro mporecca. [IepBbie TOCTpOCHHBIC MaTe-

MaTHIeCKUe MOIEIU TIPolleccoB TP DOY3MOHHOTO HACKI-
IIEeHUS Kejle3a W CTalieil a30TOM TTO3BOJISIIIUA IIPOTHO3U-
poBaTh pacripejieJIeHre a30Ta 1Mo TONIIMHE Juhdy3noH-
HOTO CJIOST B 3aBUCMMOCTHU OT a30THOI'O MOTEeHIIMaNa 1
coctaBa ctanu. [To3xke ObUIM pa3paboTaHBI pacyeTHHIC
MOJIEIN KMHETUKHU Ta30BbIX peaKIMii TPy a30TUPOBAHUU
B MHOTOKOMIIOHEHTHBIX aTMocdepax. Momenu, cBA3bI-
BaloOIIe CTPYKTYPHBIC M IIPOUYHOCTHBIE XapaKTepUCTUKU
I GY3MOHHOTO CJIOS MPU a30TUPOBAHUU, TTO3BOJISIOT
MPOTHO3UPOBATh paclpeneIeHIe TBEPAOCTH 10 TOIIIIMHE
a30TUPOBAHHOTO CJIOSl. DTU MCCIEI0BaHUS OINpeaeTUIn
co3lnaHue MPEeArnochUIOK IS KOMIIEKCHOM aBTOMAaTU3a-
LIMM TIPOLIECCOB a30TUpOBaHUs U Apyrux BugoB XTO.

bnarogaps akcnepuMeHTaJbHBIM U TEOPETUYECKUM
HCCIeNOBaHUSIM B 00JIaCTU a30THpOBaHUs Kadenpa Me-
TaJIJIOBEICHUSI U TEPMOOOPAOOTKM OBICTPO 3aHsjia Beay-
1IMe MO3ULMU B pa3pabOTKe pa3auuyHbIX TEXHOJOTUYE-
CKHX TIPOIIECCOB a30TUPOBAHUS M aBTOMAaTH3MPOBAHHOTO
obopynoBaHUs 1Jis1 UX peanudauuu. PazpaboTaHHbIe
FO.M. JlaxTUHBIM M ero yueHUKaMM TeXHOJIOTUYeCKue
MPOILIECCHI a30TUPOBAHMSI BHEIPEHBI U YCIIECITHO TTPUME-
HSTFOTCSI Ha KPYITHEUIINX MIPEIIIPUSITUSIX CTPaHBI: 00be-
nuHeHun ABToBA3, KoioMeHCKOM TEMNI0BO30CTPOU-
TeJibHOM 3aBojie, CapaTOBCKOM 3aBOjie 3JeKTpoarperar-
HOTO MAIIMHOCTPOEHUS U IPYTUX 3aBOMAX.

WUccnenoBanus mkoasl FO.M. JlaxTuHa 1o coBep-
IIEHCTBOBAHUIO PETYIMPYEMBIX IIPOIIECCOB a30TUPOBA-
HUS TTO3BOJIMJIA 3HAYNTEIBHO pACIIMPUTh IMAIIa30H a30-
THPYEeMBIX MaTepruayioB. [loMrUMO TpamWIIMOHHBIX HUTP-
aJlJIoeB YIIPOYHEHUIO a30THMPOBAHUEM ITOIBEpPTaINCH
pasJIMyHbIe TPYIIIILI CTATEH, 118 KaXI0M U3 KOTOPBIX pe-
KOMEH/IOBaHbI peXXUMBbI a30TUpoBaHusl. beuin pazpabdo-
TaHbl KOHCTPYKIIMOHHBIC a30THUPYEeMbIe TUTAHOCOIEPKa-
IIKE CTaJIM, U3HOCOCTOMKOCTH KOTOPHIX B HECKOJIBKO pa3
MPEeBBIIIACT U3HOCOCTOMKOCTh KJIACCUYECKUX HUTPAJLIO-
eB. IlokazaHo, YTO TIPEeUMYIIECTBOM 3THUX CTajeit
SIBASETCSI 3HAUYUTEJbHOE COKpallleHUue AJIUTEIbHOCTU
a30TUPOBAHUS 3a CYET TMOBBILIEHUS TEeMIIEpaTyphbl
npoliecca.

JI1st TTOBBILLIEHUST CpOKa CIIY>KObI M3IEINi U3 KOPpO-
3MOHHO-CTOWKUX CTaJIel, TpeTHa3HAYEHHBIX 7151 PAOOTHI
B YCJIOBUSIX M3HOCA, CYXOI'O TPEHMSI, BHICOKMX KOHTAKT-
HBIX Harpy30K B cpejie BOASHOIO Iapa WJIM COJIEBOTO Ty-
MaHa, pa3paboTaHa TEXHOJIOTHUS a30TMPOBAHMSI B aMMU-
aYyHO-BO3AYIIHOI atMocdepe. [1o cpaBHEHUIO ¢ Tpaau-
LAOHHBIM CITOCOOOM a30THMPOBAHMS 00ECIIeUNBACTCS
WHTeHcUdUKauus npouecca B 1,2—1,5 paza, 4To sIBisieT-
Cd aKTyaJIbHBIM [JI MEIUIEHHO a30TUPYIOIINXCS aycTe-
HUTHBIX cTasieil. Kpome TOro, TeXHOIOTHS JaeT BO3MOX-
HOCTb 00pabOTKM XpOMOHUKeEJIeBOl cTaiu 0e3 mpeaBa-
pUTEILHOU HelacCUBAlMM IMOBepXHOCTH. biaromaps
paBHOMepHOMY AU(PPY3MOHHOMY CIIOKO CTalb MPUOOpe-
TaeT BBICOKYIO ITOBEPXHOCTHYIO TBEPIOCTH, COXPaHSIS
TpeOyeMyI0 KOPPO3HMOHHYIO CTONKOCTb.
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Perynmupyemast TeXHOJIOTUSA a30TUPOBAHMSI, pa3pado-
TaHHAs IUIST YIPOYHEHUS OBICTPOPEXKYIIUX MHCTPYMEH-
TaJIbHBIX CTajiell, oOecreunBaeT MOBbIIIEHNE CTOMKOCTHU
IIMPOKOI TaMMBI PEXYIIIET0 MHCTpYMEHTa (cBepi, ¢pes,
METYMKOB, pa3BepTok) B 1,5—10 pa3. braromapst ontu-
MaJIbHOMY CTPOEHUIO YIIPOYHEHHOTIO CJI0sI, CoepKallero
HUTPUIBI JIETUPYIOIINX 3JIEMEHTOB, YBEIMIMBaeTCS TBEP-
JIOCTh pabOYMX ITOBEPXHOCTEH MHCTPYMEHTA, CHIKACTCS
anre3usi o0pabaThIBAEMOr0 MaTepHaia K MaTepHrary WH-
CTpyMEHTa U CO3JaeTCSI BO3MOXHOCTD €ro padbOTHI TP
MTOBBIIIIEHHBIX TeMITepaTypax pe3aHus. [TosBasgercs Bo3-
MOXHOCTh M3TOTOBJICHUS PEXYIIET0 MHCTPYMEHTa U3
HUM3KOJIErMpOoBaHHBIX cTajieil (38X2MIOA, 30X3MDCA)
IJIS1 00pabOTKY aTIOMUHMEBBIX CILJIABOB.

[TpoBonuiKch MccieqoBaHUs MO a30TUPOBAHUIO XKa-
POITPOYHBIX ayCTEHUTHBIX U MapTEHCUTHEIX cTaeid. [To-
Ka3aHa BO3MOXKHOCTB IIPOBEACHUS a30TUPOBAHUS 3THUX
crajeif, COBMEIIEHHOTO C 3aKaJIKOi MK CTapeHUeM. Yc-
TaHOBJICHO, UTO ITyTeM a30TUPOBAHUS MOKHO 3HAUUTEThb-
HO MOBBICHUTH XapOIIPOUYHOCTh U PabOUyI0 TeMIIepaTypy
ayCTeHUTHBIX XPOMOHUKEJEBBIX CTaJIeil, CIIIaBOB HA HU-
KeJeBOi U KOOAJIbTOBOI OCHOBE.

TexHoOrMYEeCKUii Mpolecc BRICOKOTEMIIEpaTypHOTO
a30TUPOBaHUS B UMCTOM UJIM pa3baBJIeHHOM WHEPTHBIM
ra3oMm a3oTe IMO3BOJISIET NOJNYYUTh IU(P(PY3UOHHBIE CIOU,
CKBO3HBIC TI0 BCEMY CCUCHMIO TOHKOJUCTOBBIX M3ICIIHI
M3 XKapOIPOYHBIX CILIaBOB. [IprueM st mudPy3noHHEIE
CJIOM COCTOSIT TOJIbKO M3 30HBI BHYTPEHHETO a30THPOBa-
HUS C pacIIpeAeJICHHBIMI B MATPUIHOM TBEPIOM PacTBO-
pe MEJKOIMCIIEPCHBIMU HUTPUAAMM JICTUPYIOIIUX 3JIe-
MEHTOB BBICOKOI T€pMOJIMHAMUYECKON CTaOMIBHOCTU
(HUTpUAAMU TUTaHa, LUPKOHUS, TapHuUs). baarogapsa
MPOIIeCCy BHYTPEHHETO a30TUPOBAHUS M CTAOMIBHOCTH
dopmupyroIIeiicsS CTPYKTYPhI, 00eCIIeunBaeTCs TUCIIepP-
CHMOHHOE YIIPOYHEHME, KOTOPOE COXPAHSIECTCS M0 BBICO-
KHX TeMIIepaTyp.

Uccnenosanus mxkoisl FO.M. JlaxTHa mo a30TUpo-
BaHUIO HE OIrPaHUYMBAINCH TOJBKO PAa3BUTUEM ITUX TEX-
HOJIOTMI TIPUMEHUTEJIBHO K CTaJIsIM, N3YyJaIMCh BO3MOX-
HOCTU MPUMEHEHUS a30TUPOBAHUS IS TTOBBILIEHUS 9KC-
IJIyaTallMOHHBIX CBOIMCTB IPYTuX cI1aBoB. Tak, Benylue
nmo3uuuu 3aHumalna mkona KO.M. JlaxtuHa B obJjacTu
a30TUPOBAHUS TYTOIUIABKUX METAJUIOB (HMOOWS, TaHTa-
J1a, MOJTMOIeHA, BaHAIWsI, XpoMa, TUTAaHa), UX TBOMHBIX U
MHOTOKOMITOHEHTHBIX CIUIaBOB.

Pemarommm pakTopoM B ycriexe TeXHOJOTHI a30TH-
pPOBaHMS TYTOIUIABKMX METAJUIOB OBLIO IpUMEHEHHE
KOMILIEKCHOTO TI0JX0Aa U pa3padoTKa MHOTOOOpPa3HBIX
TEXHOJIOTMYECKUX BapruaHTOB mpoiiecca. K HUM oTHOCST-
Csl: peryJMpoBaHue a30THOTO MOTEHIIMaa IyTeM IpuMe-
HEHHST aMMUavYHO-aprOHHBIX CMeceil, HAaChIIIIeHNEe B yC-
JIOBUSIX TJICIOIIETO pa3psiia, MPOBEIeHNE CTYIeHYATHIX
MPOLIECCOB, Mocaenytomero tuM@y3snoHHOTro oTXUra u
Ip. DTO TMO3BOJIMIO CHU3UTh TeMIIepPaTyphl a30TUPOBa-

HUS U yBEIUYUTh D1youHy auddysuu azora. [TokazaHo,
YTO IIyTEM a30THUPOBAHMS MOXKHO CYIIECTBEHHO ITOBBI-
CHUTb XapOIPOYHOCTh CIJIABOB Ha OCHOBE TYT'OILJIaBKUX
METaJIJIOB.

C navana 1990-x rogoB OCHOBHBIMU HaIlpaBICHUSIMU
paboT Mo a30TUPOBAHMIO, MPOBOAMMBIX Ha Kadeape,
cTajqu MHTeHcUubUKalus mpouecca U pereHue npoobsem
pecypcocoepexenus. MccieqoBaHbl TTPOIIECCH OKCHA30-
TUPOBAHMUS CTajeil, TEXHOJIOTMIECKIE OCHOBBI TEPMO- U
ra3oLMKINYECKOro a30TUPOBAHUS KOHCTPYKIIMOHHBIX 1
MHCTPYMEHTAJIbHBIX CTaJlell ¢ MPEephIBUCTON Mogaveit am-
MMaKa, MO3BOJISIONIME CYIIECTBEHHO CIKOHOMUTD PACXOl
rasa.

IToMuMoO TIpoIIECCOB a30TUPOBAHUS B c(pepe HAayIHBIX
nHTepecoB FO.M. JlaxTrHa 1 ero y9eHUKOB OBLIU U JAPY-
TUe CIOCOOBI MOBEPXHOCTHOTO YIIPOUHEHUST METAJIJIOB 1
cruiaBoB. B 1960-e roasl acnupantamu FO.M. JlaxTuHa
BBITMTOJIHSIIUCh MCCIIeNOBaHMs 1O ra30BoMy O0pupoBa-
HUIO U CUJIMLIMpPOBaHUIO cTaau. B Gojiee mo3aHue roabl
TTOJIYYMJIM Pa3BUTHE TIPOIIECCHI OOPUPOBAHMSI, CUITAIIN-
pOBaHUS, AJTUTUPOBAHUS U XPOMHUPOBAHUSA C MCITOIb30-
BaHMEM CaMOBOCIIJIAMEHSIIOIIETOCSI BBICOKOTEMIIEPATyp-
HOTO CUHTe3a.

C 1980-x ronos nox, pykoBojcTBoM KO.M. JlaxtuHa Ha
Kadenpe chopMupoBanoch HayYHOE HampaBjeHUE MO UC-
CJIEIOBAHUIO TIEPCIIEKTUBHOTO CITOCO0Aa MOBEPXHOCTHOTO
YIIPOYHEHMST METAJUIOB C MCITOJIb30BaHUEM JIA3epHOTO Ha-
rpeBa. Pa3pa®oTkoil TEXHOJIOTHI M MOACIMPOBAHUEM
MPOLIECCOB JIa3epHOM TEPMUYECKON 00pabOTKI 1 MOBEPX-
HOCTHOTO JIa3¢pHOTO JIETUPOBaHUs Pa3IMUHBIX MaTepua-
JIOB (CTaJieid, YyTYHOB, CIUTABOB IIBETHBIX METAJUIOB) 3aHM-
MaJiach OoJIbllasl TpyIna aclMpaHTOB Kadeaphl.

IToBepxHOCTHOE JIETMPOBAaHUE OCHOBAHO Ha pacIliaB-
JIEHUW MeTaJljla C HaHEeCeHHOI 0OMa3Koli IyTeM BO3ei -
CTBUS JIa3¢pPHOTO M3IYICHMS, UYTO 00CCITIEUNBACT CO3Ma-
HUE CTPYKTYPhI C YpE3BbIYATHO BBHICOKOU IMOBEPXHOCT-
HOI1 TBepaOCThIO. B pesynbrare j1a3epHOro JerupoBaHMs
M3HOCOCTOMKOCTh KOHCTPYKIIMOHHBIX CTaJIeil YBETNIH-
BaeTcs B 1,5—3 paza, KOppO3MOHHO-CTOMKUX cTajieit —
B 1,5 pa3a, aJlloMUHUEBBIX CIIaBoB — B 1,8 pa3a, a Tuta-
HOBBIX CIUIaBOB — B 5—7 pa3. TeriocToiMKOCTb UHCTPY-
MEHTa U3 YIVICPOAMCTBIX M MaJIOJISTUPOBAHHBIX CTayeit
MOBBIIIAETCS 1O YPOBHSI CTOMKOCTU OBICTPOPEXKYIIMX
CTaJIeN.

JloCTOMHCTBAMM 3TUX YITPOYHSIOLINX TEXHOJIOTUIA STB-
JITIOTCSI:  BO3MOXHOCTB JIOKAJBHOTO VIIPOYHEHUS,
BO3MOXHOCTh BKJIIOUECHMS B aBTOMAaTUYCCKUE JIMHUU,
MHWHUMaJIbHOE KOpOOJeHNEe AeTajeii, a TaK:Ke BO3MOXK-
HOCTb TOBEPXHOCTHOI'O YIPOUYHEHMUsS METaJIOB, He
nMernX (pa3oBbIX MPeBpalleHU (CIIaBOB MEAU, alio-
MUWHUS, Mariusi, MoJubdaeHa u ap.).

MIkonoit KO.M. JlaxTuHa OblIa pean3oBaHa MPUH-
LIUITHAIBFHO HOBas Uaes IPOIeCCOB KOMOMHUPOBAHHOTO
YIIPOYHEHMST MOBEepXHOCTU. bhima pa3padboraHa KoMOM-
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HUPOBaHHAs YIIPOUHSIONIAS TEXHOJIOTHS, COCTOSIIAs U3
MIpeIBapUTEILHOTO JIA3epPHOTO JETUPOBAHUS TTOBEPXHO-
CTU CTaJli HUTPUIOOOPA3YIOIINMU DJIEMEHTaMU (BaHa-
Ui, XpOoM, MOJIMOIEH, aJllOMUHUI) C TTOCAEeAYIOIIUM
azotupoBaHueM. [Ipu mocienyrolieM a30TUPOBAHUU 3a
CYET MOBBIIIEHNST KOHIIEHTPAIIMM a30Ta B 30HE JIa3epHO-
r0 BO3ACUCTBUSA U BBIIEICHUS HUTPUIOB JICTUPYIOLINX
3JIEMEHTOB YHAeTCs TMOJIYYUTh aHOMAJbHO BBICOKYIO
TBEPAOCTb MOBEPXHOCTU CPEIHEYTICPOANCTON CTAIU U
MOBBICUTH B 1,5—3 paza U3BHOCOCTOMKOCTh MO CPaBHEHUIO
C a30TMpPOBaHHBIMU HUTpautossMu. [Ipu 3TOM mepepac-
TIpEAeIISIIOTCS BHYTPEHHUE HATIPSIKEHUST U YCTPaHSIETCS
OIVH M3 TJIIaBHBIX HEJOCTATKOB JIa3¢pHOI 00pabOTKU —
BO3HUKHOBEHHE TPEIINH B IMOTPAaHUYHOM C MaTpUlleit
30HE.

ITon pykoBoactBoM KO.M. JlaxtuHa Ha Kadenpe pas-
BMBAJIOCh HAyYHOE HaIlpaBJieHUE, CBSI3aHHOE C TOJIyde-
HHMEM 3aIIUTHBIX TTOKPBITUI W3 TIapOB Memarioopeanute-
ckux coedunenuti (MOC). Ha 6a3e TexHOIOTUU OCaXe-
HUS ObLIIa CO3aHa TaMMa KOMITO3UIIMOHHBIX MATEPHAJIOB
MeTaJUI—HeMeTallJl, MeTaJLI—XUMUUIECKOe COeAMHEHHUE.
Pa3pabaTbeiBaiuch TEXHOJIOTUM MOJYYEHUST TUPOIUTHYE-
CKUX XPOMOBBIX ITOKPBITHIA, OCaXIaeMbIX M3 MapoB
OuC-apeHOBBIX COCAMHEHUI XpoMa.

[Tpo1recchl TepMUIECKOTO pacliaga XMMHUICCKUX CO-
eIMHCHUI TP OTHOCUTEIBbHO HU3KHUX TeMIIepaTypax
(400...500 °C) 1 MOHMUKEHHOM IaBJICHUM TTO3BOJISIIOT I10-
JlydaTh paBHOMEPHBIE TTOKPBITHSI HA JETasIX CIOXHOMN
KoH(purypaunu. [ToBepXHOCTD AeTajeii oA IMTOKPBITHE
He TpeOyeT CITeMaIbHOM MOATOTOBKH, a CAMU IIPOIIECCHI
OTJMYAIOTCSI BBICOKOW CKOPOCTBIO POCTAa MOKPBITUS
(5...6 MKM/MUH) U BBICOKOI ITPOU3BOAUTEIHHOCTHIO.

IMoxkphITHs, OCaxXaaeMbie U3 IMapOB XUMUYECKUX CO-
eIWHEHN XpoMa, OTIIMYAIOTCSI BBICOKOW TBEPIOCThHIO,
OECITOPUCTOCTHIO, OTIMYHBIMY JEKOPATUBHBIMU CBOMCT-
BaMH. VX M3HOCOCTOMKOCTh B §—9 pa3 BhIIIC M3HOCO-

CTOMKOCTH TaJbBaHUYECKNX XPOMOBBIX ITOKPHITHI, a
KOPPO3MOHHAsl CTOMKOCTh MPEBBIIIAET CTOMKOCTb XpO-
moHukeneBoit ctanmm 08X18HI10T. IMTokpeiTus MOTYT
ObITh MCIOJb30BaHbl AJsSI HAHECEHUS Ha AeTalu U3
pa3IMYHBIX MaTepuajoB: CTajeil, 4YyryHa, IIBETHBIX
CILTaBOB, CTEKJIA, KEPAMUKH.

WUccnenosanusa KO.M. JlaxTuHa B 00J1aCTV TEOpUU U
MPaKTUKU MOBEPXHOCTHOTO YMPOUHEHUS 3aCITYKEHHO
MOJYYMIN MEXIyHaponHoe npusHaHue. [Tocie yxona
IOpusi MuxaiinoBuya u3 X1U3HU MO MHULIMATUBE ACCO-
uuanuu MertannosenoB Poccuu (PACMET) u Mexny-
HapoOJHOTro o0IlecTBa Mo TepMUYEeCKO o00paboTKe
(IFHTSE ) yupexnaeHsl JIaxTUHCKME MeMOpHUaIbHbIE
YTEHMSI, KOTOPbIE MPOBOISATCS HAa MEXKIYHAPOIHOM YPOB-
He 1 ImocBsIeHbl Bkiaany FO.M. JlaxTuHa B cOBepIIIEHCT-
BOBaHWE TEOPUU M MPAKTUKU a30TUPOBAHUSI.

ITepBbie JIaXTUHCKME UYTEHUS COCTOSLINCH BO D0-
penuuu (Mranus, 1998 r.), Bropsie — B bymamenire
(Benrpus, 1999 r.). Tpetbn JlaxTmHCKIE MEMOpPHATIEHBIC
YTEHMsI B paMKaX MEXIYHapoAHOW KOH(pEpeHLUNn
"Nitriding technology" npouutu B ceHtss6pe 2003 r. B
BapiiaBe 1 ObLIM LEIMKOM IMOCBSIIEHBI COBPEMEHHOMY
COCTOSIHMIO M pa3paboTKe IMPOLIeCCOB a30TUPOBaHUSI.

MHorue u3 HayYHbIX HaIlpaBAeHU, UMIYJIbC K pa3-
BuTHIO KOTOPBIX Han FO.M. JlaxTuH, IpoaoKaoT pa3BU-
BaTbCS €r0 YUeHUKAMM U MOCJE €ro yxoaa M3 KU3HU.

B HacTosiee Bpemst Ha Kadeape MmoJiydyaroT JajdbHel-
11ee pa3BUTHE TEXHOJIOTUUECKHUE IMPOLIECChl a30TUPOBa-
Hust, KotopbiM FO.M. JIaXTUH MOCBSATUI GOJBIIYIO YacThb
CBOMX TBOPUYECKMX CUJI, COBEPIICHCTBYIOTCS YIIPOUHSIO-
1IMe TEXHOJOTUU ¢ IpUMEHEHUEM J1a3epHOr0 Harpesa,
pa3pabaThIiBalOTCsI HOBble KOMOMHUPOBAHHBIE TEXHOJIO-
TMYecKue MpoLecchl MOAU(MULIMPOBAHUS TOBEPXHOCTH, a
TakXKe pa3BUBAIOTCSI BOIIPOCHI TEOPUM MOBEPXHOCTHOIO
YIIPOUHCHMSI.
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IloBepXHOCTHOE JlerMpoBaHKe YIJIE€POAUCTbIX CTAJIEi MPH Ja3epHOM HarpeBe

Paccmompeﬂo npumeHeHue 1a3epHoco 1ecuposaHus ¢ Ueabro Noay4eHus oanopodnwx MENKO3ePHUCMbIX CMPYKmMYp HA
noeepxHocmu yaﬂepoducmbtx cmanelil. Ycmanoenenvl onmumanvHole PENCUMbL 1A3EPHOCO N1eeUPOBAHUA, NO360AAOULUE NO-

AYHAMb CBEPXMENKO3EPHUCIYIO CIPYKMYDY.

Karouesvie caoea: nazeproe necuposanue, yenepooucmoie cmanu, MeaK03epHUCMAs CIMPYKmMypa.

In this paper discusses the use of laser alloying to obtain homogeneous fine-grained structure on the surface of carbon
steels. The optimal regimes of laser alloying, allowing to obtain superfine-grained structure were defined.
Keywords: laser alloying, carbon steels, fine-grained structure.

BBenenmne

B HacTosmmiee Bpemst Bce 60oJiee IIIMPOKOE pacIipocTpa-
HEHUE HaXOIAT MEePCIEKTUBHBIE TTPOIIECCHl YITPOUHEHUS
MaTepuaaoB BHICOKOKOHIIEHTPUPOBAHHBIMU TTOTOKAMM
SHEpPruu, Takue Kak MHAYKIMOHHbIC, MOHHBIE, JJa3epHbIE
u ap. [IpuMeHeHre MpoLIecCOB MOBEPXHOCTHOI 00paboT-
KU CTaJIeil TTO3BOJISIET CYIIIECTBEHHO ITOBBICUTDH TaKHME Xa-
PaKTEPUCTUKHN, KaK TBEPIOCTb M M3HOCOCTOMKOCTh. DP-
(peKTUBHOCTH TIPOBEIECHMST TOTO WJIM MHOTO TIpollecca yII-
POYHEHUSI MeTajlJla OIMpenessieTCs TJIOTHOCThIO MOIII-
HOCTH, JIJTUTEJILHOCTBIO BO3IEWCTBUS JIa3epPHOTO M3JIyde-
HUSI Ha MOBEPXHOCTb U TETIOGMU3NUYECKUMU XapaKTepu-
CTMKaMu oOpabaTbiBaeMOro MaTepuana. B 3aBucumMocTu
OT crocoba HarpeBa IepeYMCIICHHBIC BBIIIE (PAKTOPHI
MIPUBOIAT K TOJIYYCHHUIO PA3TUIHBIX CTPYKTYP M CTEIICHU
YIIPOYHEHMS MeTaJlia. DTO CBSI3aHO C TeM, UTO TTPU CKOPO-
CTHOM HarpeBe U oXJIaxkJeHUM (a30BbIe MpPEeBpaIleHUSI,
bopmMupyolue CTpyKTYpy, IPOUCXOISIT B pa3iduyHbIX
TeMIIepaTypHO-BPEMEHHBIX yCI0BUsIX. CTereHb UX peaau-
3allMU pa3INdaeTcsi, YTO MO3BOJSIET, UCTIOIb3Ys 3P eKT
HETIOJIHOM TOMOTE€HU3AIINH, PETyINPOBATh CTPYKTYpOOO-
pa3oBaHUE U TOJIyYaTh TpeOyeMble SKCILTyaTallMOHHbIE
CBOICTBa cTajei.

ITpu nazepHoli TepMOOOPaOOTKE CTajieit 6e3 oruiaB/e-
HMSI B UMITYJIbCHOM pexuMe ITyOMHa yIIPOYHEHHOU 30HbI
cocrasiset 0,1...0,15 MMm. B 3TOM cityyae ornpeaensiionyio
POJIb B YIIPOUHEHUM MTPAIOT 3HAYUTEIBHBIC TeMIIepaTyp-
HBIC TPAIWEHTH B 30HE BO3ICHCTBHS JTa3epHOTO M3Iyde-
HUSI, KOTOPBIE HApSy C O <> y—IMepeKpucTamin3anmeit
MIPUBOIIT K JIOKAJTbHBIM TePMUUYECCKUM HATIPSIKCHUSIM,

BO3HMKAIOIIUM B pe3yjIbTaTe 00pa30BaHUs, NBUXKCHUS U
B3auMoaeicTBUsl auciokauuii [1]. JucnokaumoHHas
CTpYKTypa, o0pa3yrolasics B 30He JIa3epHOTO BO3IENCT-
BMSI, aHAJIOTMYHA HAOJIOAAIOIIMMCS B CHJIBHO JehOpMu-
POBaHHBIX CIUIABaX, IMPUYEM IIOTHOCTH TUCIOKALINI TeM
BBIIIIE, YeM OOJIBIIIE TUIOTHOCTh MOIITHOCTH JIA3¢PHOTO M3-
JyyeHusl. B 30He a3epHOro Bo3neiicTBUSI BOSHUKAIOT 3HA-
YUTEeJbHbIE 110 BeJIMYMHE OJIaTONPUSTHBIE CXKUMAIOIIIMe
HampsDKeHUSsT, TIPUBOISIINE K IMOBBIIIEHUIO TBEPIOCTH 1
U3HOCOCTOMKOCTU U3JEJINIA, & HA TPAHULIE C MATPULIEN HE-
OJIaronpUsTHBIE PACTATUBAIOLLVE HATIPSDKEHNS, CHIDKAIO-
€ XapaKTePUCTUKN KOHCTPYKIIMOHHOM TTPOYHOCTH.

ITpu nazepHoii 06paboTke 6e3 omaaBIeHUsI B Hempe-
PBIBHOM pEXHME 00pa3yroTcsl YIIPOUYHEHHBIC 30HBI TOJI-
wuHoi 0,5...0,8 MM. 3a cueTr yBeJaMuYeHUsI BpeMeHU o0pa-
OOTKM M TIIyOMHBI TIPOTPETOTO CIO0SI YMEHbBIIIAeTCSI HEOI-
HOPOIHOCTh TBEPIbIX PACTBOPOB, YACTUYHO MPOTEKaeT
npoiiecc AByx(a3HOTO pacraja MapTeHCUTa (CaMOOTITyC-
Ka), YTO B COBOKYITHOCTU MPUBOIUT K HEKOTOPOMY CHM-
SKEHUIO CTETEHM YIPOYHEHUST CTAJIM U YPOBHST BHYTPEH-
HUX HAIIPSDKEHUM KaK BHYTPU 30HBI JIa3€PHOIO BO3IEICT-
BUSI, TaK M Ha rpaHulle ¢ Matpuuei [1].

CroxHoe pacIpeaeeHue OCTaTOYHBIX HaIIPSIKECHUN
IO TOJIIIMHE CJI0S1 M BBIXOJ PaCTITMBAIOIIMX HATIPsIKe-
HUI Ha TTOBEPXHOCTH SABJSIETCSA MPUUYMHON CHUKCHUS
KOHTaKTHOU BBIHOCJMBOCTU M TPEIIMHOCTOMKOCTU KaK
P CTATUIECKOM, TaK M LMKJIMIECKOM HarpyXeHuw [2].
OtpuuaresibHOE BIMSHUE Ja3epHOIl 00pabOTKM Ha KOH-
CTPYKIIMOHHYIO IPOYHOCTh MOXXHO YMEHBIIIUTh TTPOBEIE-
HUEM KOMOMHUPOBAHHOW 00pabOTKM, BKJIIOYaOILe 10-
MOJITHUTEIbHO OTNycK [3—6]. OgHako MpH 3TOM ellle
OOJIBIIIe CHIKACTCSI OOIINIT YPOBEHb YIIPOYHECHUS.
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[IpenmnockUIKOM ISt YBEIMICHUSI KOHCTPYKITMOHHOM
IIPOYHOCTH TIOCTIe JIa3ePHOUM 00PadOTKIU SBISIETCS TIOY-
YeHUE OTHOPOIHBIX MEJIKO3EPHUCTBIX CTPYKTYpP U CyO-
CTPYKTYD, CITOCOOCTBYIOIIMX OMHOBPEMEHHOMY IOBBIIIIE-
HUIO XapaKTepUCTUK BSIBKOCTH M TUIACTUYHOCTH METasl-
JINYECKUX MaTepuajioB M CHWXEHUIO TeMIlepaTypbl
repexoa B XpPYIKoe cOCTosTHMEe. Takoe CTpyKTypHOE CO-
CTOSTHUE TOCTUTAETCS Ja3epHOI 00pabOTKOI C OIUIaBiIe-
HHEM MMOBEPXHOCTH 3a CUYET CBEPXBBICOKMX CKOPOCTEH
HarpeBa M oxJaxneHus. Kpome Toro, B pesynbrare
Jla3epHOI 00pabOTKM C OTUIaBICHUEM BO3MOXHO 00pa3o-
BaHUE SYEUCTOU CYyOCTpPYKTYpHI [7].

Knaccuueckue MeToabl (popMUPOBAHUS MEJIKO3EPHU -
CTOI CTPYKTYPhl OCHOBaHbI Ha PEryJMpOBaHUM TeMIlepa-
TYPHBIX YCJIOBUI 3aTBepAeBaHUS METAJIMYECKOIO pac-
IUTaBa I YBEJIMYEHUS] CKOPOCTU 3apOXACHUS LIEHTPOB
KpucTayum3anuu. [1pu BEICOKMX CKOPOCTSIX OXJIaxKIe-
HUSI, CBOMCTBEHHbIX Jla3epHOI 00pabOTKe, OCYILECTBIISI-
eTcs 3aKajka MeTajljla U3 XUAKOW ¢ha3bl, UTO U OIpenae-
JIsIeT BO3MOXHOCTbh (DOPMUPOBAHUSI CBEPXMEIKO3EPHU-
CTOI CTPYKTYphl 3aTBepAeBlIero cruiaBa. [1oCcKOIbKY
U3MeJIbYEHUE 3epHa JOCTUTAETCS JIETUPOBAHUEM CTajlei
KapOMmIo- WJIM HUTPUIOOOPA3YIOIINMH SJIEMEHTAMM, M3-
MEHSIIOIIUMHU YCJIOBHSI 3apOABIIICOOpPa30BaHUS, TO IS
1LieJIeHAMpaBJIeHHOTO (hopMUPOBaHUS 3aJaHHOIO CTPYK-
TYPHOT'O COCTOSIHUSI MeTaJljia 11eJecoo0pa3HO MPOBOIUTH
MOIU(PUIMPOBAHUE MOBEPXHOCTU COOTBETCTBYIOLIUMU
JIETUPYIOIIUMHU 3JIEMEHTAMU.

IToaTomMy na3zepHast XUMUKO-TepMUUeCcKasi 00paboTKa
MOXXET pacCMaTpPUBaThCS KaK OJMH M3 MEPCIIEKTUBHBIX
Croco0oB (hOPMUPOBAHUST CBEPXMEIKO3EPHUCTON CTPYK-
TypBl Ha TIOBEPXHOCTHU cTanu. [Ipm 3TOM MoCIeayronmii
HarpeB, YCTPaHSIONINIA HeOIarompusITHBIE PacTsATABAIO-
1€ HaMpsDKeHUsI, HE BBI3bIBACT CYILIECTBEHHOTO CHUXE-
HUSI YPOBHSI YIIPOUHEHUSI, @ HAarpeB B aTMochepe aMmmuaka
(a30TMpOBaHKE) TTO3BOJISET MOIYYATh elle 0oJiee BEICOKUIA
YPOBEHb YIIPOYHEHMUS 3a CUET 0Opa30BaHUs HUTPUIOB
JIETUPYIOIINX 3JIEMEHTOB.

Taxkum obpazom, hopmupoBaHre MOAUMULMPOBAHHBIX
TTOBEPXHOCTHBIX CJIOEB C CBEPXMEJKUM 3€PHOM SIBIISIETCSI
BaXXHOM 3amadeil mpu pa3paboTKe KOMOMHUPOBAHHOM TeX-
HOJIOTWM YIIPOYHEHMS, 3aKJTFOUAIOIICHCS B JTa3epHOM JICTH-
POBaHMU CTAJIEH C MOCIEAYIOIINM a30TUPOBAHUEM.

Llenbto naHHOI pabOTHI ABJIsIETCS pa3paboTKa TeXHO-
JIOTUU JIa3¢PHOTO JIETUPOBAHUS IS 1IeJICHATIPaBICHHOTO
dopMuUpoBaHUS CBEPXMEIKO3EPHUCTOM CTPYKTYPHI Ha
MOBEPXHOCTU YIJIEPOAUCTHIX CTajeii, obecrieunBaoeit
ONTHUMaJbHOE COYETaHHUE BHICOKOI'O YPOBHS XapakKTe-
PUCTUK TIPOYHOCTHU M TUTACTUIHOCTH.

MeToauKa NPoBeAeHUs UCCIeI0BAHMIA

HccaenoBanns MPOBOAMIM Ha KOHCTPYKIIMOHHBIX
craisx 20, 40, Y10. B xauecTBe MOIEIBHOTO MaTeprasa

HCCIIeIoBaM apMKo-XeJe30. [1pu ternpoBaHUYM UCTIONb-
3oBasi mopomku Cr, V, Mo, Al, Ti. O6paboTKy OIBITHBIX
00pas31oB MmpoBoauaM Ha razopaspsimHoMm CO,-masepe
MougHocThio 600 Bt B 3amuTHOIl aTMochepe aproHa.
CKOpOCTh TIepeMeILeHUST JIa3ePHOTO JIyda OTHOCUTEIBHO
oOpabaTeiBaeMOll MOBEPXHOCTU BapbUPOBAIU OT 2 10
30 mM/c. JlerupoBaHUEe OCYNIIECTBISIIN U3 CYCIIEH3UMU,
COCTOSIIIIEH W3 TTOPOIIIKA JIETUPYIOIIETO 3JIEMEHTA U CBSI-
3ymolIero BemecTBa. KonanuecTBO CyCIIEH3UMM, HaHO-
CUMOI Ha MOBEPXHOCTh 00pa3LOB, KOHTPOJIUPOBAIU
BECOBBIM METOIOM.

MUuKpOCTPYKTYpPY JIETUPOBAHHBIX 30H MCCIEeI0BaIU
Ha MeTtaiorpaguueckom Mukpockone Neophot-21 npu
yBeanueHuun 10 x1000. PeHTreHOCTpYKTYpHbII aHaIu3
npoBoauan Ha yctaHoBke JIPOH-3. KoHueHTpaiuio je-
TUPYIONIMX 3JIEMEHTOB B 30HE JIa3€pPHOTO BO3/IEICTBUS
OTpee/IsUIM Ha MUKPOPEHTIEHOCITEKTPAIbHOM aHaIN3a-
Tope Superprobe-704 mpu HEMpepbIBHOM CKAaHUPOBAHUU
30HIa. XapakTep pacrupeesieHus JeTUPYIONINX 3JIeMeH-
TOB B 30HE JIa3€PHOTO JIETUPOBAHUSI OIIPENE/ISIN Ha CKa-
HUPYIOIIEM MUKPOPEHTIEHOCIIEKTPAIbHOM aHaIu3aTope
Link-system.

OO0cyxaeHue pe3yabTaToB

TexHoJIOrnYecKNMMU TTapaMeTpaMu JIa3epHOTO JIETH-
pOBaHMS B HETIPEPBHIBHOM PEXUME SIBJISIIOTCST TIJIOTHOCTD
MOIITHOCTH JIa3ePHOTO U3JTyYeHUsI, OTpenessieMast CKOpo-
CTBIO TIepeMeIleHUs JJa3epHOTO Jiyda (V), ¥ KOJTUIECTBO
HAHOCUMOM Ha YITPOUYHSIEMYIO TIOBEPXHOCTD JIETUPYIOIIIEi
cycrieH3uu (m). [Ipu nerupoBaHNM TTOBEPXHOCTU METaJI-
JIa B HETIPEPHIBHOM PEXXMME C MOIITHOCTHIO JIA3epHOTO M3~
nydeHust 600 Bt Hanbosee MPOCTHIM TEXHOJOTUYECKUM
MPUEMOM M3MEHEHUS TJIOTHOCTU MOIIHOCTH SIBJISIETCS
M3MEHEeHHME CKOPOCTHU TIepeMelleHus JJa3epHOro Jiyva.

Hcxonst u3 TpeGoBaHUIT MOTYIeHUST KOMITPOMUCCHBIX
3HAYEHU TOJIIMHBI 30HBI J1a3epHOTO JETrMPOBaHUS,
KOHIEHTpAIUK JIETUPYIOIIMX 3JIEMEHTOB B HEll 1 palyo-
HaJILHOTO MCITOJIb30BaHUS JICTUPYIOIIEro MaTepHalia yc-
TaHOBJICHO, YTO ONTMMAaJIbHOE KOJIMYECTBO CYCIICH3UU,
HAaHOCUMMOM Ha MOBEPXHOCTH Mepe/l JJa3epHoil 06padboT-
Koii cocrasiser 22...30 Mr/cm>.

Ecnu nerupyiolyio cycneH3uio HaHeCTH 0oJjiee TOJI-
CTBIM CJIOEM, TO BCSI TETJIOBAsI SHEPTUSI JIA3EPHOTO U3JTyye-
HUSI JIOKAJIU3YETCsl TOJbKO B caMoOil oOMa3Ke U OIuIaBlie-
HUSI TIOBEPXHOCTU OCHOBHOTO METasula He MPOUCXOIHUT,
T.€. BMECTO JISTMPOBAaHUsI UAET MPOLECC Ja3epHOM Ha-
nnaBku. Ecnu cioit cycrneH3uu CAMIIKOM TOHKUi, TO
KOHUEHTpALMs JIETUPYIOILIETO 3JIEMEHTa B 30HE pacIijiaBa
HEJIOCTaTOYHA ISl JOCTMKEHUS MAKCUMAaJIbHO BO3MOX-
HOTO YPOBHSI YITPOYHEHUSI.

VYBenuueHue cKoOpocTy TMepeMelleHus JJa3epHOro Jy-
ya oT 2 10 30 MM/C yMEHBIIAET TOJIIIMHY JIETUPOBAaHHOM
30HbI OT 800...900 10 200...300 MxM. C MOMOLIBIO MUKPO-
PEHTIeHOCTIEKTPAILHOTO aHaInu3a cepun 00pas3lioB U3
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Puc. 1. 3aBUCHMOCTD TOJIIUHBI JJETHPOBAHHOTO CJIOSI OT CKOPOCTH
nepeMenieHns Jja3epHoro Jyya. JID — jgerupyiommuii d1eMeHT

ctayim 20 yCTAaHOBJIEHBI 3aBUCUMOCTH KOHIIEHTPAIUH Jie-
TUPYIOIINX 3JIEMEHTOB B ITOBEPXHOCTHOM CJIO€ OT CKOPO-
CTU TepeMelIeHUS Ja3epHOro Jyya.

ITpu v = 10...20 MM/c HabIOgaETCSI MAKCUMYM KOH-
LIEHTPALUM B 30HE JIa3epHOTO JITUPOBAHUSI [IJIsT BCEX MC-
CleAyeMBIX JIerupyroommx amemMeHToB. [Ipu v < 10 mm/c
KOHIICHTPAIINS JICTUPYIOIINX 2JIEMEHTOB YMEHBIIIACTCS,
YTO CBSI3aHO C YBEJIMUEHUEM 00beMa BaHHbBI pacIuiaBa, a
npu v > 20 MM/C — ¢ BBITOpaHUEM 3HAYUTEJIBHOM 4acTh
JIETUPYIOLIEei CyCIIeH3Uu A0 Hauajla ruiaBjieHus oopaba-
TBIBAEMOTO MaTepuajia. Pe3yabraThl McCIeIOBaHMUI
MIpuBeACHBI Ha puc. 1.

DKCIepUMEeHTAIbHO YCTAaHOBJICHO, YTO C YBEJIMUCHM-
eM KOHIIEHTPAIlUM JICTUPYIOIINX 3JIEMEHTOB, MUKPO-
TBEPJOCTb JIETMPOBAHHBIX 30H Bo3pacTtaeT (puc. 2). Ilo
CMEIIEHUIO MAaTPUYHBIX ITMKOB Ha PEHTIeHOrpaMMax,
CHSTBIX C JIESTUPOBAHHBIX 00Pa310B, ObLJIO pacCYUTAHO
U3MEHEHME MapaMeTpa KpUCTALINYECKON peleTkKu Aa/a
(tabnuua). [Mockoabky aromHble paguychl Cr (1,27 HM) 1
V (1,34 HM) He3HAUMTEIbHO OTIMYAIOTCS OT aTOMHOTIO
pamuyca Fe (1,26 HM), TO U3MEHEHME ITapaMeTpa pellieT-

. 1a )’/
8 A7 1
0 2
6T T 3
4
2 [ 4

0 2 4 6 8 10 12 14 16Cy,%

Puc. 2. Bimsinue THNA M KOHIIEHTPAIMH JIETUPYIOIIETo 3JIeMEHTA Ha
MHKPOTBEPIOCTh 30H JIa3epHOro JerupoBanus cramm 20 (P =
= 600 Bt, v = 15 mm/c):

1—Mo;2—-V;3—-Cr; 4— Al

W3menenne napamerpa pemerku Fe, Aa/a
nocJje Ja3epHOro JerupoBaHus

Jlerupyroiuuii a1eMeHT Aa/a, Bm
v 0,2868
Cr 0,2864
Al 0,2869
Mo 0,2887
Cranb 20 ocsie HopMaau3aum 0,2863

KU TBEPIOro pacTBopa Aa/a, a CcIe0BaTeIbHO U YIIPOU-
HeHUe, HeBeJIMKO. MUKPOTBEPJOCTh B 30HAX JIa3epPHOTO
JerupoBaHus, JerupoBaHHbIX V u Cr, cocraBiseTr
4000...5000 MITa. Hanmpotus, Mo u Al ¢ aTOMHBIMHU pa-
muycamu 1,39 u 1,43 HM COOTBETCTBEHHO Jaxke IpU
MEHBIIINX KOHIICHTPAIUSIX B TBEPIIOM PACTBOPE, YEM TIPU
serupoBaHuu V u Cr, Mo3BOJSIOT 00Jiee CylIeCTBEHHO
MOBBICUTH YPOBEHB YIIPOUHEHHUS KeJe3HOW MaTPUIIBI.
MUKpOTBEPAOCTh B 30HAX JIa3€pHOrO JIETUPOBAHUS,
snerupoBaHHbBIX Al, cocraBisier 6500 MIla, a Mo — 1o
11000 MIla (puc. 2).

Konuenrtpamus Cr 1 V B 30Hax J1a3epHOToO JerMpoBa-
Hust coctapisiet 15...17 % (1o macce). B cooTBeTcTBUM €
muarpamMamu coctossHu#t cucteM Fe—Cr u Fe—V mipn
TaKUX KOHIIEHTpAIMIX BO3MOXHO BbiaeleHne o-bdas.
OmHako peHTTeHOBCKUM METOIOM MPUCYTCTBUE G-ha3
He O0HapyXEHO, YTO CBUIETEIHCTBYET O PABHOMEPHOM
pacripeieIeHUn JICTUPYIOIIUX DJIEMEHTOB B BaHHE
pacruiasa.

B npouecce serupoBanust V u Cr B COOTBETCTBUU C
nuarpaMMaMu COCTOSIHUI ABOWHBIX cucteM Fe—V u
Fe—Cr npu 3aTBepaeBaHUU 00pa3yeTcsi HeMpePbIBHBIM
PSiL TBEPAIBIX PACTBOPOB 3TUX DJIEMEHTOB C KEJIE30M.

KonueHnTpaiusgs Mo B 30He JierupoBaHus Mpu o0pa-
0OTKe HempepbIBHBIM Jla3epoM cocTabiseT 5...8 % (1o
macce). Ha nuddpakTorpammax, CHITBIX C TTOBEPXHOCTHU
30HBI, JIETUPOBAaHHOU Mo U Ha paccTosiHUM 50 MKM OT
IMOBEPXHOCTH, OOHAPYXEHO BBIAEICHNE WHTePMETaIN-
noB FeMo u Fe,Mo,. BeineneHueM MHTepMeTaIUIHBIX
a3 U cylIecTBEeHHBIM OTJIMYMEM B aTOMHBIX paauycax Fe
u Mo (ry, = 1,39 HM) MOXeT ObITh OOBSICHEHO Hauboee
3HAYUTEJIbHOE YBEJIMYEHUE TBEPIOCTH TIPU JIETUPOBA-
Huu Mo.

KonueHrtpauus Al B 30He JlerupoBaHusI Ipu 00padoT-
Ke HEeMpephIBHBIM Jla3epoM He TpeBbiinaeT 5 % (Imo Mac-
ce), YTO CYIIECTBEHHO MEHbIIIe KOHIIEHTpAIl1ii, TIPU KO-
TOPBIX BO3MOXHO BbIICJIEHUE MHTEPMETALTUAHBIX (a3 B
cucrteme Fe—Al

YcraHOBIEHO, YTO CKOPOCTh MEePEeMELIEHUSI JIa3ePHO-
O JIy4a CyIIECTBEHHO BJIMSIET HAa CTPYKTYpOOOpa30BaHUE
U MUKPOTBEPAOCTH YIriepoaucTsix craneit. [Ipu ckopo-
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CTSIX TIepeMelleHUs Jla3epHoro ayda 5...10 MMm/c B 30He
JIa3epHOTO JIETUPOBAaHUS 00pa3yeTcsI OMHOPOIHAS CBEPX-
MEJIKO3ePHUCTAsI CTPYKTYpa C PAaBHOMEPHBIM paciipene-
JICHWEM JISTUPYIOILLIET0 3JIeMeHTa B BaHHE pacIliaBa.
C yBeIMYEHUEM CKOPOCTH TepeMElIeHUs Ja3epHOTO JTy-
ya (0COOEHHO B BBICOKOYTJICPOIUCTBIX CTAJISIX) B CTPYK-
Type TIOSIBJISTFOTCST MEJIKIIe MapTeHCUTHBIC UTJIbI. MUKPO-
TBEPIOCTh MaJO- U CPEIHEYIJIEPOAUCTBIX CTaeil TTocie
JnasepHoro gerupoBaHus coctaniseT 4000...7500 MI1a, a
BbIcOKOyIIIeponucTeix — 9500...12000 MITa (puc. 3, 4).

Ha moBbIIIeHre MUKPOTBEPIOCTH CTAIM OKAa3bIBAIOT
BIIMSTHUEC:

* W3MeJIbYCHHE 3epHa;

* IMOBBIIICHWE TUIOTHOCTM IMCIIOKAIIMA BCIICICTBUE
BBICOKMX CKOPOCTEIf HarpeBa M OXJIaXKICHUS,;

* 00pa3oBaHME TBEPIABIX pPACTBOPOB 3aMEICHUS,
IIpUYeM YPOBEHb YIIPOYHEHUS TeM BBIIIE, YeM OOJIbIIe
KOHIICHTPAIIMS JICTUPYIOIINX 3JIEMCHTOB M YeM OOJIbIIe
pa3IMIUsSI aTOMHBIX PAIUyCOB JIETUPYIOIINX 3JIEMEHTOB 1
MaTepuajia MaTpUIbl. 3HAYEHUST MUKPOTBEPIOCTH CTaIN
V10 cymecTBeHHO BbIIIE 3a CYET OOpa30BaHUSI MEIKO-
WUTOJIbYATOTO MApTeHCHUTAa WM MEIKOOUCIIEPCHBIX JIETUPO-
BaHHBIX KapOUIIOB.

HccnenoBanust moKasajin, YTO BCe JICTUPYIOIINE 3JIe-
MEHTBI, BBEJICHHBIC B TOBEPXHOCTHBIN CJIOM MaJIOyTJIepo-
IUCTBIX CTaJieii MIPpU HEIIPEPHIBHOM JIa3epPHOM O0JIydYeHUU
10 ONTUMAJIBHBEIM peXMMaM, B OOJIbIIIe MU MEHBIICH
CTETNEHW M3MeJIbYaloT 3epHOo cTtainu (puc. 5, 6). [Ipudem
OOJIBIIIYIO YaCTh 00beMa 3aHMMAIOT STUeUCThle PaBHOOC-
HBIC 3¢pHA pa3MepoM OT 1 10 5 MKM IIpU UCXOTHOM 3epHE
cranu 50 mxM. Ilpu nerupoBaHUU TYromnjaaBKUMU 2Je-
MEHTaMU, TaKUMU KakK Mo 1 V, BO3MOXHO BbIJEJICHUE
nHTepMeTauUaHbIX da3 tuna FeMo u Fe,Mo, u obpa-
30BaHUE g4YeucTOol cyOcTpyKTyphl. Ha pasmep 3epHa
BJIMSIIOT TUII JIETUPYIOIIETO 3J€MEHTa U ero KOHLEeHTpa-
M B 30He JlerupoBaHus. I1pu nmerupoBanuu Mo pasmep
3epHa cocTtaiaser 1..3 MM, V u Cr 2..5 MKM,
Al 5..7 mxm, Ti 4..5 MkM. B cTpyKType BBICOKO-
VIJIEPOAUCTHIX CTajieil HAOMIOgaeTCs] MEJIKOUTOIbYATHI
MapTeHCUT C BBIACICHUSIMU NUCIIEPCHBIX KapOWIOB
JIETUPYIOIIUX 2JIEMEHTOB.

Jns apmko-xkenesa u crajieit 20, 40, Y8, nerupoBaH-
HBIX B HEIIPEPHIBHOM PEXMME M3TYYCHUSI CO CKOPOCTBIO
IepeMelleHNS Ja3epHoro Jyda 1o 10 MM/c, XxapaKTepHO
CTyIeHYaToe M3MeHeHne MUKpoTBepaoctu. [lpu nasep-

H, A 1

MIla H, MIla

8000 [~ 8000

6000 [~ 6000 6000 [~

4000 4000 [~ 4000

2000 [~ 2000 [ 2000~ \,

| | | | | | | - | | | | | - | 1 | | | | | -
200 400 600 h, MEM 200 400 600 h, MEM 200 400 600 h, MKM
a) 0) 6)

Puc. 3. MuKpoOCTpPYKTYpa i MUKPOTBeprocTh cTau 20 nocJie jJeruposanus Cr B HenpepbiBHOM pezkume u3iaydenusi (P = 1kBt) (x100) mpu:

a—v=5Mm/c; 6 —v=15mm/c; 6 — v =30 Mmm/cC

Vupounsiomue TexHoorun U nokpeitud. 2010. Ne 4 13



OBPABOTKA KOHIOEHTPUPOBAHHBIMU IIOTOKAMM SHEPI'UH

12 12| 12

10 - 10 10

8 8 8

6 6 6

4+ 4 4

2+ 21 — 2} N

1 1 1 1 1 1 1 - 1 1 1 1 1 1 - 1 1 1 1 1 1 1 -
200 400 600 h, MKM 200 400 600 &, MEM 200 400 600 A, MKM
a) 0) 6)

Puc. 4. MuKpocTpyKTypa M MEKpOTBeprocTh cTamu Y10 nocie ierupoBanus V B HenpepbiBHOM pexume n3nydenus (P = 600 Bt) mpu (x100):

a—v=5wmMm/c; 6 —v =10 Mm/c; 6 — Vv =25 Mmm/c

HOI 06pabOTKe YrIepOIUCTBIX CTAE CO CKOPOCTHIO BbI- JIa3ePHOTO JIETUPOBAHUSI, HAOIIOMACTCS CKAYKOOOpa3HOe
me 10 MM/cC, B OTJIMYME OT apMKO-XKeje3a BOKPYT 30HbI yBEJIMYEHHE MUKPOTBEPIOCTH 10 3HAUYECHMIA, MPEBBILLIAI0-

b T AL AR
BV e
A ¥

Puc. 5. Mukpoctpykrypa ctamu 20 mocJje ja3epHoro jeruposanus (x1000):
a—Cr;6—V;6— Mo

IIUX TBEPAOCTh MAapTEHCUTA, XapaK-
TEPHOU M1 YIPOUYHSEMOW CTalu
(puc. 3, 4). D10 00BSICHSIETCS BBICO-
KkuM conepxaHueM C, KOTOpBIi
InGOYyHIUPYET B 30HY TEPMUUYECKOTO
BIMSTHUST BCJICACTBUE 3HAYUTEIBHOTO
TEMIIEPaTypHOTO TpagueHTa.
CTpoeHre U MUKPOTBEPHAOCTh 30-
HBI TEPMHUYCCKOTO BIUSHUS 3aBUCST
OT CTETIEHU TIePeoXJIakAeHUs, KOTO-
pas B cJlydae HEeIIPEPBIBHOTO M3JIyde-
HUS OTIpeeIIIeTCs] CKOPOCTHIO Tiepe-
MelIeHUs Ja3zepHoro jyda. [1pu Ma-
JIOl CKOPOCTU IBUXEHHUS Jiydya (1o
2 MM/C) 30Ha TEPMUYECKOIO BJIMsI-
Hug ctanu 20 mpeacTaBiaseT coboit
TEePJIUT C TOBBIIIEHHBIM COMEPXKaHU-
eM C 110 cpaBHEHHIO C OCHOBHBIM Me-
tayuioM. C yBeTMIeHHEeM CKOPOCTH OT
2 mo 10 mM/c Bo3pacraeT aucriepc-
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Puc. 6. Mukpoctpykrypa ctam Y10 nocie aasepuoro Jjeruposanus (x1000):

a—Ti;o —V;e6— Al

HOCTb TIEPJIUTHON CTPYKTYPHI U MHKPOTBEPHOCTh
30Hbl TEPMUYECKOTO BJIMSIHHUS YBEJIMYMBACTCS 0O
2000...2500 MITa. ITpu ckopocTH ABUKEHUS Jyya BBIIIE
10 MM/c MUKPOTBEpAOCTb TOBBIIIaeTcs g0 6000 MITa.
Ckaukoo0pa3HOe U3MEHEHUE MUKPOTBEPAOCTU BOJIM-
3U TPaHUIIBI JIETUPOBAHHOI 30HBI C OCHOBOW U B 30HE
TEPMHUYECKOTO BIIUSTHUS OOBSICHSICTCSI, BO-TIEPBBIX, HEKO-
TOPBIM CHUKEHUEM COAECPKAHUS JIETUPYIOIIUX 3JIeMEH-
TOB BCJICICTBUE OCOOCHHOCTEM MaccorepeHoca, BO3HU-
KalOIIMX IMPU KOHBEKTUBHOM MEXaHU3ME, a BO-BTODPbIX,
00e3yrepoKMBaHUEM 30HbI JIETUPOBAHMSI.

Puc. 7. MuKpoCTpPYKTypa 30HbI TEPMHYECKOTO BJIMSHUSA cTaau 20
nocJie JIerHpOBaHKs B HENMPEPHIBHOM PeKHMe JIa3ePHOro U3JTyYeHust
(P = 600 Br, v =20 mm/c) (x1000)

Ha puc. 7 mokazaHo ctpoeHue 30-
HBI TEPMHUUYECKOTO BIMSHUS: Ha HEKO-
TOPOM PACCTOSTHUM OT 30HBI pacIiaBa,
HIKE 00e3yTIepoXXeHHOro cyiosi pop-
MUpPYETCS 30Ha MOJHON 3aKajJKU CO
CTPYKTypoii MapTeHcuTa. MMeHHO Ha
9TOM y4YacTKe HaOJogaeTcsl 3HauM-
TeJbHOE TTOBBIIIEHUE TBepHOCTH. [a-
Jiee CJIeAyeT 30Ha HEIOJIHOM 3aKallKu,
KOrja Hapsity ¢ MapTeHCUTOM COXpa-
HSII0TCS 3epHa deppuTa, a 3aTeM — 0C-
HOBa.

Takum o6pazoM, IyTeM BapbUpPO-
BaHUS TEXHOJOTUIECKMX PEKMUMOB JIa-
3epHOIl 00pabOTKM Ha MOBEPXHOCTU
CTaJIM MOXHO (hOPMUPOBATh CTPYKTY-
Py JIerupoBaHHOTO (heppuTa C MEJIKUM
M CBEPXMEJIKMM 3€pHOM C 3aJaHHOM
KOHIIEHTpalMell JETUPYIOIINX 3Je-
MEHTOB M BBICOKOI TBEPIOCTHIO.

PesynbTaThl MeTasiorpau4eckoro M pPeHTTeHO-
CTPYKTYPHOI'O aHAJIM30B ITOKa3aJIM, YTO MOIUGDUILINPOBA-
HUE TTOBEPXHOCTU IMPU JIa3epHOM HarpeBe MPOUCXOIUT B
pe3yJIbTaTe CIIOXKHOTO KOMIUIeKca (DU3NMYECKUX Mpoliec-
COB, IPUBOASIINX K ILIEJIOMY PSAIY CTPYKTYPHBIX 3(pdek-
TOB B 30HE BO3ICHCTBUS: M3MEIBUCHUIO 3epHA, APOOIe-
HUIO OJOKOB, POCTYy MUKPOUCKAXKEHUM, YBEIUICHUIO
IUIOTHOCTU OUCIOKAIMi. YPOBEHb MPOYHOCTU MOBEPX-
HOCTHOTO CJIOSI TIPY JIa3¢PHOM JIETUPOBAHUU MaJloyriie-
POIMCTBIX CTajiell OTpe/iesisIeTCsI B OCHOBHOM JIMCJIOKA-
MAOHHBIM, 3€PHOTPAHMYHBIM U TBEPIOPACTBOPHBIM
MeXaHM3MaMU YIIPOYHEHMsI, a BRICOKOYTJIEPOINCTHIX CTa-
JIel — U IUCTIEPCUOHHBIM MEXaHU3MOM.

BoiBoabl

1. [IpuMeHeHue Ta3epHOI XUMUKO-TEPMUYECKO 00-
PpabOTKM TIO3BOJIACT IOIYJIaTh OMHOPOIHBIC METKO3ECPHM -
CTBIE CTPYKTYPBI Ha ITOBEPXHOCTHU CTajIM, CIIOCOOCTBYIO-
I1Me OJHOBPEMEHHOMY ITOBBIIICHUIO XapaKTEPUCTUK
BSI3KOCTU U TIJIAaCTUYHOCTH.

2. M3amenbueHue 3epHa JOCTUTAETCs MPU Ja3epHOM
00paboTKe B HEMPEPHIBHOM PEXUME U3JTyUYEHUs C OIIaB-
JICHVEM TIOBEPXHOCTH CTaJIA ITyTeM BBEICHUS B 30HY Jie-
TUPOBaHUSI KapOMI0- U HUTPUA000PA3YIONINX dJIEMEH-
ToB. Ha pa3Mep 3epHa oKa3bIBaeT BIMSIHUC TUII JIETUPYIO-
mero aneMmeHTa. [Ipu nerupoBanum Al pasmep 3epHa
coctaBageT 5...7 Mmkm; V u Cr — 2...5 Mxm; Mo —
1..3 Mmxm; Ti — 4...5 MKM.

3. YcTaHOBIEHBI ONTUMAJIbHBIE PEXUMBI JIa3€pPHOTO
JIETUPOBaHUsI, TTO3BOJISIIONIME TTOIyYaTh CBEPXMEIKO3€ep-
HUCTYIO CTPYKTYDY.

4. Ipu mowHocTu u3nydenuss 600 Bt u ckopoctu 1e-
peMeleHus Jla3epHoro Jiyva 5...30 MM/C Ha TTOBEPXHOCTH
VIJICPOIVCTOM CTaJId B 3aBUCUMOCTH OT comepxkaHust C B
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ctanmm (popMuUpyeTcs MO0 MEJIKO3epHUCTasI CTPYKTypa
JIeTUpoBaHHOTO heppuTa ¢ TBepmocThio 10 7500 MIla,
100 CTPYKTypa MEJKOMIO0JIbYaTOr0 MapTEeHCHUTa C
MEJIKOIUCIEPCHBIMU KapOuaaMu C TBEPAOCTbIO JIO
14000 MIIa.
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HKO-TEPMUYECKAA
KAA OBPABOTKA

VIK 621.785.532

N.C. benamosa, JI.I1. Ilamkos (MAJHU (I'TY))
E-mail: chudina_56@mail.ru

A30THpPOBaHHE B YCJIOBHAX PEryJIMPyEMbIX MPOIECCOB TEPMOra3ouUKJINPOBAHUSA

Pazpaboman Ho6bll MemMoO HUZKOMEMNEPAMYPHO20 MEPMOLA30UUKAULECKO20 A30MUPOBAHUS, 3AKAHOUAUUICS 8 ne-
puoduueckom uepedoganuu yukao8 Hacviuwjenus. [lpednaeaemviii memod azomuposanus a615emcsa 3¢deKkmusHoll, Hoeol
mexHoao02uell ynpouHerus, nosgoasioweil 0o 10 pas cokpamums pacxo0 HACbIWAOWe20 2a3a u evlopocsl 6 ammocgepy, 6
4—06,5 paz — epems azomupoanus, a MaKice yeeauHums Mmoaumury oup@y3uonHoeo c1os 6 2—6 paz 6e3 CHUNCeHUS €20

¢M3lﬂ€0 -MexXaHUu4YeCcKux xapakmepucmuk.

Karoueevie caosa: asomuposanue, mepmoeasoyuKi, daumenvHocmb noAyUUKN08, HaAcsvljenue, 0603071’111[708(11'!116.

There is the new method of low temperature nitriding in conditions of thermo-gas cycles, consisting in periodic
alternation of cycles of saturation. The offered new method is the effective, new technology of hardening allowing to 10 times
to reduce the expense of sating gas and emissions in atmosphere, in 4—6,5 times — nitriding time, and also to increase a
thickness of the diffusion layer in 2—6 times without decrease in its physicomechanical characteristics.

Keywords: nitriding, thermo-gas cycle, duration of the half-cycles, saturation, denitriding.

BBenenmne

OHUM M3 OCHOBHBIX HampaBJeHUl COBPEMEHHOTO
MaTepuaioBEICHUST U TEPMUIECKON 00pabOTKM SIBIISIETCS
CO3JaHNE MaTepUaoB ¢ 00jiee BEICOKMM KOMIIIEKCOM
CBOICTB M pa3pabOTKa HOBBIX YIPOUHSIOIINX TEXHOJIO-
ruii Wit 3pHeKTUBHOro MPUMEHEHUS X B COBPEMEHHOM
MallMHOCTPOCHUHU.

B HacTos1iee BpeMst MyTh MOJyYeHUsT HOBBIX MaTe-
pHajoB B OCHOBHOM HMCUEpIaH, U OXWIATh MOJTyICHMUS
COCTaBOB, KOTOPBIC MOIJIM OBbI 3HAUUTEIBHO ITPEBOCXO-
IUTh (U3UKO-XMMHUUECKHE CBOMCTBA M3BECTHBIX, HE
MPUXOIUTCS. YCIOXKHEHUE JIETUPOBAaHUs CILJIABOB U CBSI-
3aHHOE C 3TUM YBEJIWYEHME CONEPXKAHUS B HUX YIIPOU-
HsomKX (a3, HampuMep, B OBICTPOPEXYIINUX CTaJISX,
IIPUBOINT, C OMHOI CTOPOHBI, K ITIOBBIIICHUIO CITY>KECOHBIX
XapaKTEePUCTHK CIUIABOB, a C IPYToil — K OMHOBPEMEHHO-
MY CHIIKEHUIO UX TEXHOJOTMYECKOM IJIaCTUYHOCTU Ha
PAa3IMYHBIX CTAAUSIX TPOU3BOJACTBA (OT KOBKM M IPOKaT-
KU 10 00paboTKK pe3aHueM U nuiudonBaHus). Tak, Ha-
TpUMeEpP, BBIXOJ TOTHOTO COPTOBOTO IMPOKaTa Ha MeTall-
JIypTUYECKUX 3aBOJAX TSI CTAHAAPTHOM OBICTPOPEKYIIEH
cramu P6MS5 B 4—6 pa3 Gosblile, 4eM JUTS CIIOKHOJIETMPO-
BaHHOM, MeHee TUIACTUYHOM cTaiu Mapku P12M4K8d2,
uMelolleil 0osee BBICOKME TBEPAOCTb M pPEXylIHUe
CBOMCTBA.

B cBsI3u ¢ 9TUM B TIOC/IeIHEE IECATUIIETIE TTOSIBUIIACH
TEHICHIINS TTOBBIIIATH CIYKEOHBIC XapaKTePUCTUKNA Ma-

TepuaaoB, oOecIeunBaTh UX BBHICOKYIO HalEeXHOCTh U
9KOJIOTUYECKYIO 3alIUILIEeHHOCTh U3AEIUIl 3a CUET cosep-
WeHCMBOBAHUS CYUeCMBYIOUUX MEeXHOA02Ul TIOTYYECHUS
MaTepUaJIoB U UX TepMUYeCKoil 06padboTku. B cumy Toro,
YTO CYIIECTBYIOIINE 0a30BBIC METOABI a30TUPOBAHUS HE
HWCMOJb3YIOT MHOTHX MOTEHIIMAJbHBIX BO3MOXHOCTEH
IIJIST 70 UHTEHCU(MUKAIIMY 1 TIOBBIIICHUS 3(DHEKTUBHO-
CTU, B JAHHOM CTaTb€ PaCCMOTPEH U IPEII0XKEH HOBBIA
METOJI HU3KOTEMITepaTypHOTO a30TUPOBAHUS, ITO3BO-
JISTIONIUI ONITUMU3UPOBATh KJIACCUYECKUIA TIPOIIECC U CO-
KpaTUTh pacxon amMmmuaka oT 2 mo 10 pa3s, Bpems
a30TUPOBaHUS — B 4—06,5 pa3 npu yBeJIMYECHUU TOJIILIUHBI
mudGy3MOHHOTO ciosd B 2—6 pa3 0e3 CHMXKEHHS
(GUBMKO-MeXaHUYECKUX XapaKTepUCTUK [1].

Mertoauka uccJjie10BaHUi

A30TUPOBaHUIO MOJBEPrajyd apMKO-XKeje30, sBIsIo-
1eecsi MOJeJIbHbIM MaTepUaAJIOM JIJISl MUKPOCTPYKTYPHOTO
aHajqu3a, W MaJoJerMpoBaHHYI0O WHCTPYMEHTAJIbHYIO
ctaib XBI', 00pa3ibl U3 KOTOPOi UCTIBITHIBAIA HA U3HOC.
CrannmapTHasi 00paboTka [JIsl CTajlell TaKOro TUIa — 3a-
KaJika 1 HU3KUH OTIYCK, OMHAKO X TAKXKE MOXKHO yIpPOY-
HSTh a30TUPOBAHUEM, MOCKOJIbKY 3TOT BUI XUMUKO-TEP-
MUYECKOI 00pabOTKM MO3BOJISIET MOBLICUTh U3HOCOCTOM-
KOCTb M TEIUIOCTOMKOCTh MOBEPXHOCTU MHCTPYMEHTA,
KOTOpbIE OTBETCTBEHHBI 3a €r0 SKCILTyaTallMOHHbIE CBOW-
CTBa.
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lazoumkIMIecKoe U TepMOTa30INKINICCKOE a30TH-
poOBaHMe TTPOBOJAMIIM Ha IKCIIEPUMEHTAIbHOM yCTaHOBKE
[2], BKiIIOUAlOLIE CUCTEMY KOHTPOJSI U MOAAEPKAHUS
TeMIiepaTypbl B paboyeM o0ObeMe, CUCTEMY Ta3oo0ecrie-
YeHMsI, KOHTPOJISI pacxona U CTEIeHU AMCCOLMAIIAN aM-
MMaKa, OYMCTKHU 1 CYIIKHU ra3a, a TAKKe IBa SJIEKTpoOMar-
HUTHBIX T'a30BBIX KjIamaHa, yrpasisieMble ¢ MyJbTa KOH-
TPOJISI M PETryJIMpPOBaHUS TEXHOJOTMYECKUMU I1apa-
MeTpaMM, II03BOJISIIOIIME TPOBOAUTHL TPOLECCHl B
aBTOMAaTHMYECKOM pEeXKMMe.

OnpenensomuM (GakTOpoM YCKOPEHUs HACBIIICHMS
siBIIsIeTCs KoadduimeHT nuddy3nn, KOTOPhIiA, KaK M3-
BECTHO, B OCHOBHOM 3aBHCHT OT TeMIIepaTypbl W Tpagu-
eHTa KoHueHTpauuii [3]. [ToaToMy st ycKOpeHus Mpo-
1iecca U BO3MOXHOCTHU €ro peryJvMpoBaHUsI BMECTO M30-
TEPMUYECKOI BBINEPKKMU TPU OOBIYHOM IPOTOYHOM
a30TUPOBAHMU TIPEIIIOKECH MepMOUUK.

TemmepaTypHBIif UHTEPBAI OIPEACIISUIM B COOTBETCT-
BUU C IUarpaMMOU XKeJIe30—a30T, TIe MMEIOTCS KpUTHIC-
CKHMe TOYKM, paselisaioniue 001acTi ¢ pa3IndHbIM (ha3o-
BbIM cOoCTaBOM. [IpaBUIbHBIN BBIOOP TeMIIEPaTypHOIO
MHTEepBaja TEPMOLIMKIUPOBAHUS SIBISIETCS BaKHBIM yC-
JIOBUEM TIPU MCCJICIOBAHUM BIUSHUS Ta30- U TEPMOTa30-
LUKINIECKNX BO3IEHCTBUI Ha IIPOLIECC a30TMPOBAHUSI.
[MoaTomMy TeMmiepaTypHBIil MHTepBaa ObLT BHIOpAH Tak,
YTOOBI TPOILIECC HACHIIIEHUST a30TOM (TepBas CTaaus
LIMKJIa TIPY a30TUPOBAHMM) MTPOUCXOAWI HUXE TeMIlepa-
Typbl 9BTEKTOUIHOTO MPEBPAICHUS MO IHMarpaMMe Co-
CTOSTHHUS XeJIe30—a30T, T.e. IIPU TeMIIepaTypax HIXKe
591 °C. I1pu a30TUpOBaHUU MCCIEAYEMBIX 00pa3IloB 3Ta
temriepaTypa coctaisia 520 °C. 3aTeM ObLIO MPOBEAEHO
Jlea30TUPOBaHNE 00Pa3IoB (BTOpas CTamusl LIMKIIA), IS
Yero OTKIIoUaId Mojadyy aMMHaka, T.e. IaBJICHHUE
aMMuaka B pabodeM MpOCTPaHCTBE IMeUd Ha HEKOTOPOe
BpeMsl OCTaBaJOCh MOCTOSIHHBIM.

BepxHss rpaHulia TEpMOLUMKIMPOBAHUS MPU a30TH-
poBaHMM 00pa31oB cocrapistia 620 °C.

CreneHb AUCCOLIMALIMM aMMKaKa B KaXKIO0M TIEpBOM
MOJIYLMKJIE KOHTPOJIMPOBAIU Yyepe3 Kaxnable 15—20 MuH
C TTOMOIIIBbIO BOASIHOTO nuccoromMerpa. [1pu temmepary-
pe HacowimeHus 520 °C creneHb OUCCOLMALUM aMMUaKa
cocraBisiia 25—30 %, npu Temneparype 620 °C —
40—45 %. Ha xaxaoM BTOPOM ITOJIyLIMKJIE CTEIIeHb AUC-
colLMauMy Bo3pacTajla U cocraBisiia 68—70 % npu
520 °C n 94-98 % — npu 620 °C.

HccnemoBanme MUKPOCTPYKTYPHI TIOCTIE a30TUPOBA-
HUS TpoBoAWIM Ha Mukpockorne Neophot-21 ¢ uudpo-
BOI MIPUCTaBKOM, a pacrpeiesieHne a3oTa 1Mo TOJIIINHE
a30TUPOBAHHOIO CJIOS MOJyYaau MpU CKaHUPOBAaHWM Ha
MMKPOPEHTTEHOCTIEKTPAJIbHOM aHaau3aTope.

HcnbplTaHus Ha M3HOC TIPOBOAMIIM Ha YCTaHOBKE, MO-
nenupyolieit mpoiece pezanus. I1yTb TpeHUST paBHSIICS
200 M.

Pe3yabTaTel uccae0BaHuil M X 00CYyKIeHHE

PaccmarpuBaeMast TEXHOJIOTHSI TEPMOTa30IUKIINIC-
CKOTO a30TUPOBAHUS 3aKJTI0YAETCS B IEPUOJUYECKOM Ue-
pEeIOBaHUY ITUKJIOB HACBIIIEHUST TIPU ITPOTOYHOM a30TH-
pOBaHUU U paccacbiBaHUSI a30TUPOBAHHOTO CJIOS MpPU
MaKCMMaJIbHO BO3MOXHOM CHUKEHWM HacChIIaomeit
cnocobHocTu aTMocdepsrl. [Ipu 3ToM nOMOJHUTEIbHAS
MHTEHCUDUKALIMS POMCXOIUT 32 CUET ABYXCTAAUMHOCTHU
npoliecca — MpU TePMOTa3oLUKINYECKOM a30THPOBaHUU
HaCBIIIICHWE W paccacbiBaHUe (J1ea30TUPOBaHUE) MPOKMC-
XOISIT MPU pa3HOM TemmepaType.

Takas TexHosiorust ooecreunBaet 3(pHeKTUBHOE pery-
JupoBaHUe (ha3oBOro cocrtana AU y3MOHHOTO CJI0S TPU
MMOMOII HOBOI'O TEXHOJOTMYECKOTO MapamMeTpa — IJIn-
TEJIbHOCTH TMOJYLIMKJIA — U MPUBOAUT K COKPAIICHUIO
pacxoja HaChIIIAIOIIEro ra3a 3a C4YeT MaKCUMaJIbHOTO HC-
ITOJIb30BaHMSI KaXKI0# Ta30BOM IMOPILIMY HA CTAINU HACHI-
meHus. Kpome Toro, ymoBIeTBOPSIOTCS TpeOOBaHUS
5KOJIOTUH, TIPEeIbIBIsIEMBbIE K IIpoIeccaM XMMHUKO-Tep-
MUYECKO 00pabOTKU, 3a CUET COKpaIlleHUs] BPEIHbIX Ta-
30BbIX BLIOPOCOB B aTMoOcdepy.

[Tpu nuKIMIeCKOM M3MEHEHUU TEMIIEPaTyphl B CI0€
UIeT TaKXKe IUKINJeckoe (pa3oBoe IpeBpalleHue, T.c.
Iepexon U3 HU3KOTeMIIepaTypHOU 001acTi (HIKE TeM-
ImepaTypsl 3BTEKTOMIHOTO mpeBpaiieHust, 591 °C), roe
CYIIECTBYET a30TUCTHI TIEPJINT, B 00JIaCTh YCTOMUYMBOTO
ayCTeHUTa, 1 HA000pOT. DTO MpeBpallcHIE COITPOBOXKIA-
eTcsT M3MeJIbUeHNEM 3epHa B CJI0€ U, COOTBETCTBEHHO,
GonbiMMU AUP@HY3MOHHBIMU TTOABUXKAMU C OJHOBpE-
MEHHBIM CYIIECTBOBaHUEM ABYX U Oosee da3 ¢ pa3iny-
HBIMU KPUCTAIMYECKUMHU peIlIeTKaMU U Pa3IMIHbIMU
0o0beMaMU; YBEIUUYEHHUEM TPOTSIKEHHOCTHU T'paHMUII, a
clefoBaTeIbHO, U YBEJUYEHUEM JOJU T'paHUYHOU nud-
¢by3un, KoTopasi MPOXOAUT TOCTATOYHO aKTUBHO.

JJ1s1 TOMOJTHUTEBHOTO YCKOPEHUS Mpoliecca 1ea3o-
TUPOBAHMS MCIIOJIb30BaIM (DAKTOp U3MEHEHUsI 0ObeMa B
CIUTaBax xeJjie3a ¢ a30TOM MPU SBTEKTOMIHOM IpeBpallie-
HUM: U 00pa3oBaHUE a30TUCTOrO IMepjauTa, U IMpolecc
a30TUPOBAHUS COMPOBOXKAAIOTCS YBEJUUEHHEM o0beMa,
T.€. TepMOJAMHAMMYECKA MHULIMUPYIOT ApyT Apyra. CoBo-
KYITHOCTh 3TUX (PaKTOPOB M CIIOCOOCTBYET YCKOPEHUIO
npoliecca HaChILLEHMs, TPUBOIUT K YBEJIUYEHUIO UHTEH-
CUBHOCTH AUDDYy3Un a30Ta U YBEIUUYCHUIO TOJIIUHBI
a30TUPOBAHHOTO CJIOS.

Oo01ee BpeMs LIMKJIUYECKOTo Mpoliecca a30TUpOBa-
HuUs1 — 6 4. Kaxaplii 1IMKJI COCTOMT U3 ABYX PaBHBIX 10
BpPEeMEHM TOJYIUKIOB, IIPU 3TOM IPOIOIKUTEILHOCTD
KaXJIOTO TTOJTYLIMKIIA COCTaBIIsIeT COOTBETCTBEHHO 0,5; 1;
1,5u 3 4.

Ha nepBoM monyuukie uaeT Mpolecc HaChIIIEeHUS
TMOBEPXHOCTHU a30ToM. [1pu 3TOM, KaK M3BECTHO, MHTECH-
CMBHO 00pa3yeTcsl HUTpUIHAS 30Ha, MpUIeM HauboJee
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aKTHUBHO MPOIIECC UIET, B COOTBETCTBUHM ¢ 3aKoHOM Duka
U TI0 pe3yJIbTaTaM 3KCIIepUMeHTOB, TtepBbie 0,5—1 4. [To-
5TOMY BpeMS MOJYIMKIOB COOTBETCTBOBAJO TOJBKO
AKTHUBHBIM y4acTKaM HACBIIICHUS.

Ha BTropom nonynukie (cTaaust paccachblBaHMS) U3-3a
MpeKpalleHus Mmojaym aMMuaKa MmpoucXoauT IUCCola-
LIMsI A30TUPOBAHHOTIO CJIOSI, TaK KaK a30THbIN MOTEeHLIMA
najgaeT MpakKTUUECKU 10 HYJISI, a MOJIEKYJSIpHbII a30T
MacCUBEH MO OTHOIIEHMIO K Xene3dy. HutpuaHas 30Ha
COCTOUT U3 METaCTaOMIBHBIX (pa3, B KOTOPBIX a30T SIBJISI-
€TCsl aKTUBHBIM M CIOCOOHBIM K nuddy3uun. B pesyabra-
T€ CO3JAETCS BBICOKUI IPalMeHT KOHLICHTpALIMI Ha Ipa-
HUIIE HUTPUIHOM 30HBI U 30HbI BHYTPEHHETO a30TUPOBa-
HUSI, 1 HAUMHAeTCs BhIpaBHUBaHUE KOHILICHTpaLUi, T. €.
OTTOK a30Ta WAET MPEUMYILIECTBEHHO B IyOb MeTajlia,
yckopsis mpouecc dopMupoBaHus cios. Y Takoil nuki
ITOBTOPSETCS HECKOIBKO pa3. B pesynbrare a3or "3akaun-
BaeTcs" B TTyOb MeTayuta. MHOTOKpAaTHOE IMTOBTOPEHME
TaKUX LIUKJIOB IIPUBOAUT K 00pa30oBaHUIO 00jIee TOJCThIX
IM(POY3MOHHBIX CJIO€B TMpPU  a30TUPOBAHUU  TIO
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Puc. 1. 3aBucumMocTb 00II€i TOMIIMHBI A30THPOBAHHOTO CJIOS OT
MPOJOJIKUTEIBHOCTH TOJYNUKIOB HA CTAAUH Aa30THPOBAHUA W
J1ea30THPOBAHUST APMKO-2KeJie3a:

1 — azotucthlili nepaut-3srekTonn (aty'); 2 — y'-daza; 3 —
e-aza; 4 — 3BA

CpaBHEHMIO C OOBIYHBIM a30TUPOBAHHUEM IIPHU 3THUX Ke
TeMIiepaTypax B HEeIIPEepBIBHOM ITOTOKE aMMHUaKa.

Poct o6uieit ToNImMHbI a30TUPOBAHHOTO CJ10S MOAYU-
HsleTcs nmapaboJiMyecKoii 3aBUCUMOCTHU M, B 00IeM, C
YMEHbBIIEHUEM TTPOIOJIKUTEIIBHOCTH TTOTYIIUKIIOB O0IIIast
TOJIIIMHA CJIOSI BO3pacTaeT B OCHOBHOM 3a CUET 30Hbl
enympenHeeo azomuposanus (3BA) (puc. 1). Ilpu yBenu-
YEHUU MJIUTEJbHOCTU TOJYLUUKIOB TOJIIMHA CJOS
YMEHBIIAETCSI, YTO CBSI3aHO C AaKTUBHO IPOXOASIINM
MPOIIECCOM N1ea30TUPOBAHUS Ha 2-I CTanMu LIMKJIA.

I1pu cpaBHEHUY TePMOTra3oLUKINYECKOI0 U OOBIYHO-
T0 a30TUPOBAHUS HAOIIOZACTCS pe3Koe YBeIMUeHHUE 00-
IIeil TONIIUHEI CI0SI, YTO XOPOIIO IPOCIEKUBACTCS Ha
MUKPOCTPYKTYpax (pHc. 2) Mo XapaKTepHBIM UTOJKaM
v'-a3pl. [1pu 3TOM 00111ast TIyOMHA pacTeT B OCHOBHOM
3a cueT 3BA, KoTOpast yBeIMuMUBaeTCs IPUMEPHO B 6 pas,
a HUTpUOAHAS — B 2 pa3a MO CPaBHCHUIO C OOBITHBIM
a30TUPOBAHUEM.

006 yBeIMYECHUN WHTCHCUBHOCTH ITPOIICCCOB TOBOPST
¥ KpUWBbBIEC pacIipefeicHUs U3IyYeHUs OT aTOMOB a30Ta
(puc. 3) — mo Mepe yaajaeHus: OT MOBEPXHOCTU COAepKa-
HUE a30Ta B CJI0€ YBEJIMUMBACTCS U TOCTUTACT MaKCUMY-
Ma, IpuYeM B MIyOMHE cosl. BUaHO, 4TO KauyeCTBEHHO
XapakTep pacmpeeeHus a3oTa 1o TOJIIUHE a30TUPO-
BAHHOTO CJIOSI B MCCIEMyeMbIX oOpa3iiax UMeeT OIMHaKO-

a) 0)

Puc. 2. MukpocTpykrypsl aucgdy3HOHHBIX CJI0OEB HA APMKO-
XKejese:

a — o0ObluHOe azoruposBaHue, 520 °C, B cpene ammuaka, 6 4;
0 — TepMOTa3oLMKINYEeCKOe a30TUPOBaHUE (TeMriepaTypa Ha-
coiennst — 520 °C, meazotupoBanust — 620 °C). Ipomomku-
TeJIBbHOCTh MOJyLUKIOB — 0,5 9 (x100)
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Puc. 3. Pacnpenenenne a3ora mo TOJIIMHE A30THPOBAHHOTO CJIOS
apMKo-KeJje3a:

a — O0ObIYHOE a30TUPOBaHKe, 6 4; 6 — TePMOra30LUKINIECKOEe a30-
TUpoOBaHue, 6,5 4 (Temnepatypa HacbilieHus — 520 °C, 1ea3oTupo-
BaHusg — 620 °C, MpoaOJIKUTEIBHOCTD MOMYLIUKIOB — 0,5 1)

BBl BUJL U XapaKTepU3yeTcsl TeM, YTO MaKCUMYM COJIIep-
KaHUs a30Ta OYEHb TOJIOTUI M HAXOIUTCS He Ha TTOBEPX-
HOCTHU 00pa3loB, Haxomslelcss B KOHTAKTe C HaChl-
LIAIOUIEH Cpeloil, a BHYTPA HUTPUIHOU 30HBI, T.€. HA HE-
KOTOPOM pPaCCTOSIHUU OT IOBEpXHOCTU 00pa3oB. Kpome
TOTO, CyIs 110 BEJIMYUHE UHTEHCUBHOCTU OTPAXKEHMUSI JI-
HU1, MOKHO OTMETUTD, YTO, BO-TIEPBBIX, TOJIIMHA CJIO0SI C
MOBBILIEHHBIM COAEPXAHUEM a30Ta YBEJIUUYUBAETCS TMPU
rnepexoje OT OObLIYHOIO a30TUPOBAHUS K TE€PMOTa30LUK-
JIMYECKOMY a30TUPOBAHUIO, U, BO-BTOPbIX, MHTEHCUB-
HOCTb XapaKTepUCTUYECKOTO U3JIyYeHUs, a CIeAoBaTeIb-
HO, U cojepXaHUe a30Ta B HUTPUAHOU 30HE Mocie
TEPMOTa30LMKINYECKOTO a30TUPOBAHMST 3aMETHO BbIIIIE,
YyeM T10cjie OOBIYHOTO a30TUPOBAHUS.

Ha puc. 4 npuBeneHbl pe3yabTaThl pacyeTa comepxka-
HHUS a30Ta MO CKaAaHUPYIOUIMM KpUBbIM. BuiHo, 4TO Ha
MOBEPXHOCTU 00Pa310B, HAXOJSIIENCSI B KOHTAKTE C Ha-
chllaroiieit armocdepoii, comep:kaHue a30Ta HEBLICOKOE
U cocTaBiisieT mpuMepHo 3,5—4,8 % mac. ITo mepe ynane-
HUS OT TOBEPXHOCTH COIEpXKaHUE a30Ta B CJI0€ YBEJIMY-

BaeTCsI W JOCTUTAeT MaKCHMMyMa, IIpUYeM II0Cye
OOBIYHOTO a30TUPOBAHUSI TIPOLICHTHOE COAePXKaHUE a30-
Ta BO3pacTaeT MakcuMalibHO 10 8,5 %, a mocjie TepMora-
30LIMKJIMYECKOTO a30TUpoBaHus — 10 12 %. DT1o yKasbl-
BaeT Ha TO, UTO a30TMPOBAHUE B YCIOBUSIX TEPMOIa30-
OUKJINYECKUX BO3MEHCTBUI MAET 00Jiee MHTEHCUBHO.
Kpowme Toro, Makcumym conmepkaHusI a30Ta Ha KPUBOM
ero pacripeiesieHus Mo TOJIIUHE CJIOS OYeHb MOJIOTUI 1
CIBUTAETCS B IIYOb CJIOSI TIPU MEPEX0e OT OOBIYHOIO
a30TUPOBAHMS K TEPMOTa30IMKINIECKOMY, YTO O0BsIC-
HSIETCS MHTCHCUBHBIMU TIpOlleCCaMM Iea30TUPOBAHUS
(paccaceiBaHUsI) B TIyOb MaTepuala.

H3mepeHnst MUKPOTBEPAOCTH MOKA3aJIU: TIPU TEPMO-
ra3oLMKIMYECKOM a30TUPOBAHMUU, IIPOXOASIIEM 3a 6,5 4,
MOXKHO TIOJTYIUTh TaKyIO K€ TBEPIOCTb TOBEPXHOCTH, KaK
MpY OOBIYHOM a30TMPOBAHUM, HO TOJBKO 3a 25—30 u.

TakuMm obpa3zoMm, U3MEHSsISI BCETO OAUH TeXHOJIOrn4e-
CKUI1 TTapaMeTp — 0AUmenbHoCmb NOAYUUKA08, HA TIOBEPX-
HOCTH YIIPOUHEHHOI'O M3ACINSI MOXHO MOJIYy4YaTh CJIOU
pa3IMIHOro (Ga3oBOro cocraBa IpU OMPEACTICHHOM COYe-
TaHUM MPOIIECCOB HACKIIIEHUS 1 paccachlBaHUS. DTO Ja-
€T BO3MOXXHOCTb IIPUMEHSITh JAHHBII METOI a30THPOBa-
HUS [JIS1 peryJupyeMbIX MPOIEeCcCOB, MOJaydaTh Tpedye-
MbIe (ha3bl Ha MMOBEPXHOCTU M3IETIUS B 3aBUCUMOCTU OT
KOHKPETHBIX YCJIOBUI ero akcruryatauuu. Hampumep,
MPU TePMOTa30LUKIUPOBAHUN UHCTPYMEHTATbHBIX CTa-
neit Tuna XBI' Ha moBepXHOCTHU 1ieJiecOO00pa3HO TOJIy-
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Puc. 4. Pacnipenesienne a30ta mo ToJIIUHE a30THPOBAHHOTO CJIOST
HAa apMKO-JKeJe3e:

1 — 00BIYHOE Aa30THpPOBaHUE B IPOTOYHOM aMMMake, 6 4;
2 — ra3oLMKJIMYECKOe a30THpoBaHue, 6,5 4 (Temieparypa Ha-
chlenus u aeazoruposanus 520 °C, Mpoao/LKUTEIBHOCTD T10-
JIYIMKIIOB — 1 9); 3 — TepMOra3oLuKINn4eCKOe a30TUPOBaHNUE,
6,5 u (Temnieparypa HachieHus — 520 °C, mea30TUpOBaHUST —
620 °C, nmpoao/KUTEIbHOCTD MOMYLUKIOB — 0,5 1)
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Puc. 5. Homorpammbl n3Hoca o0pa3noB u3 cramm XBI mociie oopa-
00TKH

4yaTh OJHOBPEMEHHO TBEPAYIO W TUIACTMYHYIO Y -hbasy, a
He XpYIKyio e-¢aszy. B atom ciydae aszoTtmpoBaHme
clienyeT 3aKaHUMBATh CTaauell paccachlBaHHUs, a He
cTaaveil HacbhIEHUS.

HomorpamMmbl u3Hoca o6pasuoB u3 crajeit XBI™ mo-
cjie OOBIYHOTO a30TUPOBAHMS, Ta30LMKINIECKOTO U Tep-
MOTa30IMKJIMYECKOTO a30TUPOBAaHMS (TemIieparypa a3o-
tupoBaHus — 520 °C) u 3aBepIarolieil CTaquu paccachl-
BaHUs (TeMmepatypa jaeasotupoBaHus — 620 °C) mpuse-
JieHbl Ha puc. 5. Ciemyer OTMETUTh, YTO TIPU 3TOM, KaK 1
IIPpY APYTUX UCIIBITAHUSIX, MUHUMAJIBHBIN M3HOC HAOJTI0-
JaeTcsl IPU TEPMOTA30IUKINYECKOM a30TUPOBAHUM, 3a-

/]

KaHUYMBAIOIIETOCS CTaaleil paccachIBaHUS, IIPU KOTOPOM
JTATETLHOCTD TTOJYIUKIIOB coctanistet 0,5 4. M3Hoc 00-
pa3loB MOYTH B 2,5 pa3a MeHbIIIE, YeM MPU OOBIYHOM
a30TUPOBAHUU. DTO MOXHO OOBSICHUTH 00pa3oBaHUEM
Ha MOBEPXHOCTU MPU paccackiBaHUU Y'-da3bl bosee
TBEepIOi, yeM &-cha3sa.

BoiBoapl

1) Pa3paboTtaH HOBBIII MeTOJ a30TUPOBAHUSI, 3aKJTIO-
YAIOILUICS B IIEPUOANYECKOM YePEeIOBAHNN LIMKIIOB HACKI-
IIEHUS TIPU IIPOTOYHOM a30THMPOBAHUM M PacCachIBaHUS
a30TUPOBAHHOIO CJIOS MPU MaKCHUMAaJbHO BO3MOXHOM
CHWXKEHUM HachIIIalolei CriocOOHOCTU aTMOC(epHl.

2) WUccnenoBaH HOBBIM TEXHOJIOTMUECKHI TTapaMeTp —
IUTUTEILHOCTD MOJYIMKIIOB, TTO3BOJSIOMINIA ITPOCTO C
TOYKM 3peHus peanu3auuu U 3¢ GheKTUBHO PeryaupoBaTh
(ha3oBbIii COCTAB U CTPOCHHUE CJIOS C LIE/IbIO TOIYyYEHUS
TpeOyeMbIX (PUBMKO-MEXaHUYECKMX XapaKTePUCTUK.

3) YcTaHOBJIEHO, UTO M3HOCOCTOMKOCTh cTaau XBT,
YIPOYHEHHOM METOAOM T€PMOTa30LMKINYECKOrO a30TH-
poBaHus, B 2,5 pa3a Bbllle, YeM y 3TOM CTaIu MPU KJiac-
CHYECKOM, ITPOTOYHOM IIpOIiecce.
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A30THpOBaHHKE CTAJHU B Iapax 3JEKTPOJHUTA

Ilpedcmasaena mexuonoeus azomuposanus cmaneii 8 napax 31eKmpoiuma 6 noie 3AeKmpu4eckKo20 pazpaoa, no3eo-
ASHOUASL NOBBICUMb KOPPOSUOHHYIO CIOUKOCMb YeAepOOUCIbIX U NeUPOSGAHHBIX CIAACI U CHUUMb OAUMEAbHOCTb NPO-
yecca asomupoganus 0o 2— 10 mun. Yemarnoenerno, umo npumerenue mexHoa02UU eUOPONAAZMEHHO20 A30MUPOBAHUSL YEe-
auuusaem 6 2,5 pasa pecypc demaneti uz cmanu 40X13, pabomarowux 6 HeghmaHbIX CKBANCUHAX.

Karoueevie caosa: asomupoeanue, 31eKkmpoaum, naasma.

Technology of nitriding of steels in steams of electrolit in the field of the electric category is presented, allowing fo raise
corrosion firmness of the carbonaceous and alloyed steels and to lower duration of process of nitriding till 2— 10 min.
Application of technology of hydroplasma nitriding increases a resource of details from a steel 40X13, working in oil wells, in

2,5 times.
Keywords: nitriding, electrolit, plasma.

Beenenue

OaHUM U3 CIOCOOOB XUMUKO-MEPMUUECKOU 00padom-
xu (XTO) mo ynpouyHeHUIO AeTajeil sBIsieTCs MpoLece

a30TUPOBAHUsI, KOTOPKIH MpeacTaBiseT codoit nuddys3u-
OHHOE HACBIIIEHUE TTOBEPXHOCTHOIO CJIOSI a30TOM, CBSI-
3aHHOE ¢ 00pa30BaHMEM HHUTPUIHBIX CIIOEB — TBEPIBIX
pacTBOPOB M XUMHYECKHNX COeOIWMHEHWI. BcmemcTBue
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9TOTO Y JETaJIN TMOBBIIIAETCS U3HOCOCTONKOCTD, TIPee
BBIHOCJIMBOCTH M KOPPO3MOHHAsI CTOMKOCTh [1].

Ecnu getanp paboTaeT B arpeCCHBHBIX cpefax, TO TIpU
a30TUPOBAaHUU HEOOXOAUMO IMOJYIUTH &-(a3y — 30HY XU-
MMYECKUX COEIUHEHUI, €CIU OT eTalu TpeOyeTcsl BbICO-
Kas TBepAOCTh U U3HOCOCTOMKOCTb, TO JOCTATOYHO MOJTY-
4yuThb Y'-azy — 30HY TBEpABIX PAaCTBOPOB, HE MoJyyas
XpYTNKOW U OJHOBPEMEHHO TBepaoii e-da3bl. B 3aBucu-
MOCTU OT XMMUYECKOTO COCTaBa CTaJId U YCJIOBUI a30TU-
pOBaHUSI HUTPUIHBIN CIOW MpeAcTaBiaseT coboil aubo
v'-dazy (Fe,N), nubo e-dazy (Fe, ;N), npuuem g-HUT-
PUOHBIA CJIOM SBJISIETCS KOPPO3UOHHO-CTOUKHUM, a
y'-aza caoil — M3HOCOCTOMKMM UM OTHOCUTEIBHO
TUTACTUYHBIM.

Kiaccmyeckum crmoco60oM a30TUPOBAHUS SIBIISICTCS
raszoBoe (TeyHoe) azotupoBaHue. HecMoTps Ha mmpokoe
MpUMEHEHUE Ta30BOr0 a30TUPOBAHUS, y HEro ecThb
OJIMH HENOCTaTOK — OoJjbllasi MPOJOJIKUTEIbHOCTh
npouecca — 6...60 4 [1].

BropbiM criocob6oM no pacrpocTpaHEHHOCTH SIBJISIETCS
HMOHHOE a30ThpoBaHMe. [Ipyu MIOHHOM a30TUPOBAHUU TTPO-
1ecc mpoxoauT osictpee (2...12 4), 4yem Mnpu MeYHOM a30-
tupoBaHuM. [Ipoilecc MPOXOAUT B pa3psLKEeHHOM aTMO-
cepe (150...1000 ITa), koTopast obecrieunBaeTCsl BAKyyM-
HOI Kamepoii. OCHOBHBIM HEIOCTATKOM HOHHOTO
A30THMPOBAHUS SIBJISIETCSI IOPOrOBU3HA 000pya0oBaHUS [2].

Ipennaraemblii criocod eudponaazmernno2o azomupo-
eanusa (I'TIA) 3akioyaeTcsl B CO3IaHUM Ha TTOBEPXHOCTHU
a30TUPYEMOU JeTaiv Ta30MapoBOil pydallku, comepxKa-
el MoHBI a3oTa. ['azomapoBas pydairka obpasyeTcs 3a
CYET Pe3KOro IMaJicHUs HAMPSKCHMS Ha TpaHUIIe pas3iesia
JIeTanb—3JIEKTPOJIUT. Takoil crmocod a30TUPOBAHUS MO-
3BOJISIET COKPATUTh BpEeMsl Mpoliecca 10 CYMTAHHBIX MHU-
HyT. OIHAKO €CTh U HEIOCTATOK — 3TO BO3MOXHOCTb 00-
pabaThiBaTh TOJbKO MEJKUE NeTalu. BriepBbie MaHHBIN
crioco® ObLT TpeyioxeH B 70-X rogax MpOIIOro CTOJe-
tnst. O@HAKO B TO BpeMsI IIMPOKOTO MPUMEHEHMST OH He
nmonyunia. Ha ceromHsimHuii geHb HCCIeIOoBaHUEM
bU3MKM HU3KOTEMIIEpaTypHOU Maa3Mbl 3aHUMaETCs
HMHctutyT Heprexummyeckoro cunte3a um. A.B. Tom-
yueBa PAH [4].

MeToauka U 000pyI0BaHHUE /i1 IPOBEIECHHS
3KCIepUMeHTa

B npesncraBieHHoi paboTe ObUIM MTPOBEAEHBI MPOLIEC-
ChI TUAPOTIIIA3MEHHOTO a30TUPOBAHUS C LIEJIBIO TTOJTyYe-
HUST aHTUKOPPO3MOHHOTO TIOKPBITUS JIeTalieli, paboTato-
LIMX B arPeCCUBHBIX cpefax. A30TUPOBAHUIO MOABEPrayiu
paboyue yacTu MalllMH JJIs pacueChlBaHUSI LIEPCTU U Jie-
Tanu, paboTamlnure B HeTIHBIX CKBaxnHaXx. Pabouas
YacTh MAIlIMH IJISI pacuyechblBaHMS MIEPCTH TPENCTaBISET
co0otii poBosioKy minHoi 70 MM u nuamerpom 0,8 MM,

Puc. 1. Jleranu, padorawomue B HeTAHBIX CKBAXKHHAX, U3TOTOB-
JIEHHbIX M3 BBICOKOJIernpoBanHoii cramm 40X13

U3roToBJAeHHYI0 U3 ctanu ¥Y8. [Tockonbky pabouune yacTu
MallluH JJIs1 pacuyechiBaHUS IIEPCTU pabOTAIOT B arpec-
CHBHBIX cpenax (IecoK, Bjlara), TO OCHOBHBIC ITPOOJIEMBI
paboueil yacTM 3aKJIIO4YalTCd B Koppo3uu. Heranu
(puc. 1), paboTtatoiiue B HeTSIHBIX CKBaXKUHAX, U3TOTOB-
seHbl u3 ctanu 40X13. Mx takke B Ipoliecce IKCrtyaTa-
LINY TTIOABEPraloT KOPPO3UHU M3-32 HATUIUS arPeCCUBHBIX
cpel — BJIarv, UCIIAPEHU U IIeCKa.

Jnsa peanuzamuu criocoda TMIpOIIa3MEHHOTO a30TH -
poBaHus Ha Kadeape MeTtaioBeaeHUsI U TEPMOOOPaOOT-
ku MAJIN (I'TY) 6b110 coOpaHO 3KCIIEpUMEHTAlbHOE
00opymoBaHUeE, COCTOsAIIee M3 TpaHC(OopMaTOpa, BEITIPSI-
MUTEJISI ¢ KOHIEeHCcAaTOpoM, OappeTtopa (BBHIITOJIHEHHOTO
Ha JJaMIle HaKaJuBaHusl), aMIIepMeTpa, BOJbTMETpa U pe-
akTopa (puc. 2). Ha puc. 3 moka3aHa ajieKTpryeckas cxe-
Ma 000pyIOBaHUS TSI TUAPOILIA3MEHHOTO a30TUPOBa-
Husi. Peaktop R, — 3TO €éMKOCTb, B KOTOPOI MPOXOJUT
Mpo1ecC TMAPOIIa3MEHHOI0 a30TUPOBAHUS MPU aTMO-
chepHom nasneHun. st co3manus ra3omapoBoii pyoarii-
KM (T1a3Mbl) oOpasel] Morpyxajiu B 2JEKTPOJIUT — pac-
TBOp xstopuna ammonust (NH,CI) B Boae ¢ KOHIIEHTpalu-
et 3 r/n. K oOpasiy M 27eKTpOJUTY TOABOAUIU

T T BappeTtop
‘ Tpancdopmarop |
AMnepMeTﬂ
BonbsT™meTp
Bompsavurens Peaktop

Puc. 2. Cxema ob6opynoBanus nias I'TIA
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Puc. 3. IIpunnunuanbHas
3JIeKTPHYECKass cxemMa 000-
pynoBanus nas I'TIA

\ANMAJ
vl U A
FIRl

Puc. 4. Bun peakropa B nponecce I'TIA

MOCTOSIHHOE HaMNpsDKeHUe, TPU 3TOM o0pasell sSIBseTCs
KaTOIIOM, 3JICKTPOJIMT — aHOmOM. Ha puic. 4 mokasaH BHI
peakrtopa. [Ipomecc mpoBoawiau mpu aTMochepHOM
JaBJICHUU.

J11s1 TIOBBILLIEHUST KOPPO3UOHHOM CTOMKOCTU CTajIeid
V8 u 40X13 runmporia3aMeHHOE a30TUPOBAHUE TTPOBOIU-
m nipu HanpsikeHuu 180...300 B u cune toka 0,5...1 A.
HccnenoBanust MUKPOCTPYKTYP MPOBOAUIN HA CBETOBOM
Mukpockomne Axiovert 25 CA Carl Zeiss v 31eKTPOHHOM
mukpockorre HITACHI S-800 ¢ peHTTeHOBCKUM MHUKPO-
anaimn3atopoM INCAx — act.

OO0cyxneHue pe3yJbTaToB

B nipouiecce azotupoBaHus craneit metrogom I'TIA ipu
MOCTeNIEHHOM yBeanueHuu HanpsikeHus no 100...170 B
MPOUCXOJUT CHavyaJla MPOLECC 3IEKTPOIU3a — YYaCTOK
0—A (puc. 5). Iyt 3TOTO yyacTKa XapaKTepHO U3MEHEHHE
CHJIBI TOKA OT HaIPsIKEHMS 110 3aKoHy OMa, a TIpu 10CTH-
JKEHUM HEKOTOPOIO IMOPOrOBOTO 3HAUYEHUS HAMPSIKEHUS
Ha MOBEPXHOCTHU NeTadu HauYMHAIOT 00pa30BbIBAThCS ITy-
3bIPbKU (pUC. 5, T. A), 2JIEKTPOJUT Ha MOBEPXHOCTU 00-
pasua BckunaeT (yuacTok A—b). DTo KurneHue Jaet Bo3-
MOKHOCTh CO3[aTh Ta30MapoBYIO PyOaIKy (IU1a3Mmy) Me-
XKy 00pa3loM U KUAKOCThIO.

lazomapoBass py0Oalllka COCTOWT M3 IIapOB BOOBI U
HMOHOB 3JIEKTPOJIMTA, B TOM 4YMCJIe MOHOB a30Ta (puc. 6).
TonumuHa razonapoBoil pyOallKu COCTaBAsSIET OKOJIO
100 mxM. Bonbliee mageHue HaNpsiKEHUST TPUXOAUTCS
Ha ra3ornapoBylo pyOalllKy, TaK KaK SKJIEKTPUYECKOe CO-
TPOTUBJIEHUE Y Ta3a OOJIbIIE, YeM Y KUAKOCTH (JIEKTPO-
nmTa). OOpa3oBaBIIasics ra3ornapoBas pyOalrka MeHee

LA

0.8 4

0,7 §

06 |

0.5 §

04 |

0,3 |

0.2 |

0.1 |

& (\'b .:\% \q;o .9\ @ca qp‘: q‘.\t "P\ q’@ @Q fi\\ ._8,"» @h U,B

Puc. 5. Boabramnepnas xapakrepuctuka nponecca I'TTA

TETUIONIPOBOJHA, YeM XHUIKOCTh, ITO3TOMY OOJIbIIAs
YacTh SHEPTUHU BBIICIISICTCS Y MOBEPXHOCTU 00paslia, Ta-
KM obpa3oM HarpeBas ero. Ha moBepxHocTH 00pasiia
IIPY 3TOM 3a CYET 3ICKTPUIECKOTO MOJISI afCOPOUPYIOTCS
noHbl azota. CoymapeHue MOJ0XKUTEIbHO 3apsSKeHHBIX
HMOHOB 3JIEKTPOJIUTA C TIOBEPXHOCThIO 00pasiia MPUBOIUT
K 00pa3oBaHMIO B ra3onapoBoil pyOallike CBOOOIHBIX
3JIEKTPOHOB U MOHOB XeJe3a.

OTpunaTeIbHO 3apsoKeHHBIC YaCTUIIBI IIPU COyAape-
HUU ¢ XUIKIUM aHOJOM BBI3BIBAIOT OOpa30BaHME OTPHUIIA-
TEJBHO 3apsiKeHHBIX MOHOB a3ora (cM. puc. 6). Ilpu
CTOJIKHOBEHUHU MOHOB a30Ta 1 XeJie3a BO3MOXKXHO 00pa3o-
BaHMe XMMHJeckoro coennHeHuss FeN, KoTopoe aacop-
OupyeTcs Ha TTOBEPXHOCTh M3IeaMs. B mpomecce mucco-
HyanmMu xumuueckoro coeavHeHust FeN oOpasyrorcs

T-¢haza

o-(haza

Puc. 6. Cxema razonaposoii pyoaniku (1,1a3mMbl) 1 MEXaHU3MBI 00-
Pa30oBaHUA MOHOB U XMMHYECKUX COEIll/lHeHI(Iﬁ
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-

Puc. 7. Mukpoctpykrypa ctamu Y8 nocie I'TIA (x1000)

HWOHHKI a30Ta, KOTOphle TU(MGYHIUPYIOT B TIIyOh MeTajlIa,
B pe3ysibTaTe 4ero ¢opmupyercss 1udOy3MOHHbBIN CIIOM,
COCTOSIIIINI M3 30H XUMUIECKUX COCTMHEHUI £-(hasbl,
Y'-asbl U o-TBEpJOTO pacTBOpa.

I1pu oTkioueHUM HaMpPsKEHUS Ta3omapoBasl pyoaiii-
Ka "3axyionbIBaeTcs”, MPOUCXOAUT HUTPO3aKallKa C TOoJy-
YeHUEM a30TUCTOTO MapTeHCUTA.

Tak kak mpoliecc NpOXoaUT B ra30BO# cpeje, TO Aud-
¢y3us a30Ta BIJIyOb OCYILECTBISIETCS 110 MPUHIIMIIAM Ta-
30BOT0 HachelmeHus. Ho mpu aToM oTmamaeT HEOOXOMU-
MOCTb B T€pMETHU3AIIMU 1 BBICOKOM PacXo/ie HAaChIIIIaeMO-
o rasa.

Ha puc. 7 npeacraBieHa MUKPOCTPYKTypa cTaau Y8
nocie I'TIA B TeueHue 2 MuH. Juddy3uoHHbIN cioit
MPEeNCTABIAET CO0O0I caab0 TpaBsIIylocs e-ha3y TONIII-
Hoit 30 MKM, XapaKTepHble WUToJb4yaTbie BHEIPEHUS
y'-da3bl TommuHoi 30 MKM U 30HY a30TUCTOTO MapTeH-

Puc. 8. MukpocTpykTypa ynpouHeHHoi noBepxHocTu ctamu 40X13

Spectrum 1

Fe
Fe

Cr
Cr Fe

0 1 2 3 4 5 6 7 8 9

Puc. 9. CnektporpamMmma ynpoyneHHoii moBepxsHoctu ctamu 40X13

cuta. [ITOTHBIA ClIOM XUMMUUYECKUMX COEIUMHEHUM,
MMOJTYYeHHBIII Ha MOBEPXHOCTHU, MTO3BOJSIET IMOBBICUTH
KOPPO3MOHHYIO CTOMKOCTb u3nenuit. Ha maHHyo TexHo-
JIOTUIO a30TUPOBaHMS ObUT MmoJrydeH mateHT Ne 2362831
"Crroco6 a30TUPOBAaHUS CTAJTBHBIX M3ICTUIA".

IMpoBeneHHBINI MeTauTOrpaMIecKii 1 PeHTIEHO-
CTIEKTPAJIbHBIN aHAIN3 YIIPOUHCHHON ITOBEPXHOCTH CTa-
Jm 40X 13 nmokasan HaJInuue Ha MOBEPXHOCTH a30Ta, XPO-
Ma U1 xeje3a (puc. 8 u puc. 9), 4To KOCBEHHO yKa3bIBaeT
Ha oOpa3oBaHMe HUTPUIOB Xpoma, O0JaJalLINX
BBICOKOI KOPPO3MOHHOI CTOMKOCTBIO [3].

TexHOoMI0THST a30TUPOBAHUS IeTajieii, paboTaIINX B
HedTSIHBIX CKBaXXWHAaX, U3TOTOBJACHHBIX U3 cTanu 40X13,
ObLTa BHEApeHa B Mpon3BoacTBO. [IpoBeneHHBIE TTpolLiec-
CBI a30TUpoOBaHMA AeTaneii mpeanpusatus OAO HIIIT
"TEPC" mo pa3paboTaHHO TEXHOJOTMU TT0Ka3aaun
yBeJIWUYEHUE pecypca AeTanu B 2,5 pa3sa.

BriBoapl

1. Ilpengnaraemasi TeXHOJOTHUSI TUAPOILIA3MEHHOIO
a30TUPOBAHUS TO3BOJISICT MOJYYUTh NUGGOY3MOHHBIN
CJIOl Ha MOBEPXHOCTU YIJIEPOAUCTBIX U JIETMPOBAHHBIX
cTalieii ¢ BBICOKOI KOPpO3MOHHOM cToiikocThio. Ilpu
9TOM JUIUTEJIBHOCTD Mpoliecca a30TUPOBAHUST COCTABJISIET
2...10 MumH.

2. [IpruMeHeHMe TeXHOJIOTHUI THAPOTUIa3MEHHOTO a30-
TUPOBAaHUS yBEJIUUMBAET B 2,5 pa3a pecypc aeTaneii u3
cramu 40X13, paboTalux B HEPTIHBIX CKBAXKMHAX.

BUBJINOTPA®UYECKH CITUCOK

1. JlJaxtun }O0.M., Koran f./I. AzotupoBanue craau. M.:
MaiuuHocrpoenue, 1976. 256 c.

2. Jlaxtun 1O0.M., Ap3amacoB b.H. Xumnko-Ttepmuyeckas
obpaboTka metayuioB. M.: Metannyprus, 1985. 256 c.

3. Jlaxtun F0.M., JleontheBa B.I1. MarepuanoBeneHue. M.:
MamunHoctpoenue, 1980. 494 c.

4. Cnogenxwuii JI.I. MexaHu3Mbl HEPaBHOBECHBIX IJIAa3MO-
XUMUYECKMX peaknuii B KH. "Xumus maasmel” T. 3, cepun
"HuskoreMneparypHas 1mia3ma”. HoBocubupck: Hayka, 1991.
I'n. 3. C. 94—140.

24 VYupounsiomue TexHoJorud U nokpbiTug. 2010. Ne 4



XUMUYECKAA, XUMUKO-TEPMUYECKAA U S3JEKTPOXHUMUYECKAA OBPABOTKA

VIK [621.794 + 621.78] — 034.14 — 022.532

JL.T. IlerpoBa, B.A. Anekcaunpos, JI.II. Illecronanosa (MAJHU (I'TY))

E-mail: chudina_56@mail.ru

DopMupoBaHHE HAHOCTPYKTYPHBIX THCIIEPCHO-YNPOYHEHHBIX MOKPITHIA IyTEM
XHMHUKO-TEPMUYECKOH 00pa0OTKH JIErMpOBAHHBIX CTAJEi
B pa3jesieHHbIX aTMoc(epax BO3AyxXa M AaMMHUAKA

Paccmompenst Hogble mexHON02UMECKUE B03MONCHOCIU NPOUECCa A30MUPOBAHUS, CEA3AHHbIE C UCNONb308AHUCM KOH-
MpoAUPYeMbIX HACLLUAOWUX ammocghep uz ammuaxa u 603dyxa. Ilpuseden mexanusm hopmuposanus azomupoeanHozo
HAHOCMPYKMYPHOO €051 N00 0APbePHbIM OKCUOHBIM CA0EM, 0COOCHHOCMU €20 CMPYKmYpbl U (haz08020 cocmasa, a mak-
Jce pe3yabmamyl UccAe008anull MUKpomeepoocmu U U3HOCOCMOUKOCMU YAPOHHEHHbIX NOKPbIMUIL.

Karouesnle caoea: azomuposanue, 6apbepHblii OKCUOHbLI CAOL, HAHOCMPYKMYPHbLI CAOLL, Ne2UPO6aHHble CIMAAl.

In this paper the new technological opportunities of nitriding process are discussed connected with application of
controllable saturating atmospheres from ammonia and air. Mechanisms of nanostructural nitrided layer forming under the
oxide barrier layer, specifics of its structure and phase composition, the results of micro-hardness tests and wear resistance

investigations of strengthened layers are discussed.

Keywords: nitriding process, oxide barrier layer, nanostructural nitrided layer, alloyed steels.

BBenenmne

J1st mpoKoii HOMEHKJIATyphl U3ae/Inii HedTera3o-
JnoObIBaloLIEeit oTpaciu, AeTajeil ruapoarnmnapaTyphbl, pa-
OoTarolIMX B YCIOBUSIX M3HOCA, OOJBIIUX YACIbHBIX Ha-
IPY30K U arpeCCUBHBIX CPEJI, YBEIMUYEHUE UX CPOKA CITYXK-
Obl JOCTUTAEeTCS C MOMOIIBI0 XUMUKO-TEPMUUYECKON
00pabOTKMU 1, B YACTHOCTH, a30TUPOBAHUsI, KOTOPOE T10-
3BOJISIET C(OPMHUPOBATh Ha TOBEPXHOCTH CTaJIbHBIX
U3JECJIUN CJIOU C MOBBILIEHHON TBEPAOCTHIO U U3HOCO-
CTOMKOCTBIO.

I1pu a3oTHpOBAHUU METAJIIIOB MPOUCXOAUT 0Opa3oBa-
HHE MHOTOCTONHBIX TU((GY3NOHHBIX CI0EB, COCTOSIIINX
13 TIOBEPXHOCTHOM HUTPUIAHOM 30HBI U 1U(PHY3UOHHOTO
MOJCI0S1 — 30HbI BHYTPEHHETo a3oTupoBaHusi. CTpyKTy-
pa cios u ero Gha3oBblii COCTaB OMPENESIOT IKCITyaTa-
LIMOHHBIE CBOMCTBA a30TUPOBaHHBIX u3neauil. [loaTomy
00JIbIIOE 3HAUEHUE MPUOOPETAET COBEPLIEHCTBOBAHUE
Mpolecca a30TUPOBAHUS U CO3aHUE PA3JIMYHbBIX Bapu-
AHTOB TEXHOJIOTMU, KOTOPBIE MO3BOJSIOT MOJYYUTh 3a-
JIAaHHYIO CTPYKTYpYy U (ha30Bblii cCOCTaB a30TUPOBAHHOTO
cJ10s1, o0ecrevnBalole ONTUMAIbHbIE XapaKTePUCTUKHU
YIOPOYHsIeMbIX MaTepruasioB. C Apyroil CTOPOHBI, aKTyaslb-
HOU sBAsgeTCS 3amaya WHTEHCUdUKALMU Mpolecca
a30TUPOBAHMUS, T.€. JTOCTUXEHUE BBICOKUX CKOPOCTEH
HaCBIIIEHUs], OCOOEHHO MNPU HU3KOTEeMIIepaTypPHBIX
npolieccax, 6e3 Mmorepyu MexaHUYeCKUX CBONCTB CJIOSI.

WM3BecTHO, UTO M1 AeTaeii, KOTopble paboTaloT B Ia-
pax TPEHUS U UCHBITBIBAIOT 3HAKONEPEMEHHbBIE HArpy3-
KU, TpeOyeTcsl a30TUPOBAHHbIN CI0I ¢ ONTUMAaIbHO-JIe-
TMPOBAHHOU HUTPUAHON 30HOW W Pa3BUTHIM AU(GdyY3u-
OHHBIM MOJCJOeM (30HOW BHYTPEHHEro a30TUPOBAHUS)
[1-3]. [Inst obecriedeHUs BEICOKOM TBEPHOCTU U €€ CO-

XpaHEHUS MPU IJIUTEIHHOM BO3IEHCTBUM TEeMITEpaTyp
CTaJIv TOJDKHEI COMepXaTh JOCTATOYHOE KOJMUYECTBO JIe-
TUPYIOILIMX 3JIEMEHTOB, HEOOXOAUMBbIX 111 0Opa30BaHUS
YCTOMUMBBIX HUTPUAOB. Y CTOMUMBBIE MEJKOAUCIIEPCHBIC
HUTPUABI 3aTPYIHSIOT 1 dhy31I0 a30Ta B METaJLIe U TEM
caMbIM MOBBILIAIOT CTaObUIbHOCTDL ciosi. Haubosee pa-
UOHAIBHBIM JIETUPYIOIMINM 3JEMEHTOM [IJIsI CTallei,
IMOABEPracMbIX a30TUPOBAHUIO, SIBJIICTCSI XPOM, KOTOPBIi
OKa3bIBaeT CYIIECTBEHHOE BIMSHUE Ha (hDOpMUPOBAHUE
TBEPAOCTH MOBEPXHOCTHOTO CJIOSI U Ha paclipeaeieHue
TBEPIOCTU B a30TUPOBAHHOM CJIO€ B HalpaBAeHUU OT
MMOBEPXHOCTH K cepaueBuHe. [IpruMeHeHre BHICOKOXPO-
MUCTBIX CTaJleli HauboJiee 1eJIeCO00pa3HO MPU U3TOTOB-
JICHUM JeTajleil 1 aIlmapaTyphl Il paOOTHl B arpecCHB-
HOU cpene.

Ecnu azoTupoBaHmio MoaBepraloT BHICOKOTOYHBIC J¢-
Taju, UCKJIIOYAIIINEe MOCIEeAYIOIIYI0 OKOHYATEIbHYIO
MEXaHMYECKYy0 00pabOTKy, BasKHbIM TPEOOBaHUEM SIBJISI-
eTCs COXpaHeHUe pa3MepoB AeTasieil TTociie a30TupoBa-
Husl. HUTpuasl kene3a, oOpasylomiuecs: B IpoIiecce azo-
THPOBAHMS, KaK Ha MOBEPXHOCTU, TAK U BHYTPU YIIPOU-
HSIEMOTO CJI0SI, BBI3BIBAIOT U3MEHEHUE TeOMETPUUCCKIX
pa3MepoB U3IeNus, YTO TPeOyeT ero MmocJeAymIIero
marudoBaHUs, a 3TO MPUBOAUT K YXYIAILIEHUIO CBOWMCTB
noBepxHocT. PopMUpOBaHIE TOBEPXHOCTHOTO TUM Y-
3MOHHOTO CJIOSI B JISTUPOBAHHBIX CTAJISIX, COCTOSIIIETO
TOJBKO M3 HAUTPUIOB JICTUPYIOIINX 3JIEMCHTOB, TTO3BOJISI-
€T 3a KOPOTKHUI IPOMEKYTOK BPEeMEHHM ITOJYIUTDH 3adaH-
HbIC CBOMCTBa 0€3 M3MEHEHHUSI TeOMETPUUECKUX pa3Me-
poB uznenuit. Hanpumep, odpasoBaHue YIIPOYHEHHOIO
CJI0ST Ha JIETaJIsIX M3 XPOMHUCTBIX CTaJieil, COCTOSIIETO U3
MEJIKOIMCIIEPCHBIX HUTPUIOB XpoMa 0e3 HHUTPUIOB
KeJie3a, MOKET 00eCTICUNTh COXpaHEeHUE MTOBEPXHOCTHOMN
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30HBI W HCKJIOYNTh M3MEHEHHUE pa3MepoB, a TakKxkKe
VIYYIIATh CIYKCOHBIC XapaKTepUCTUKU JeTallei.

TexHoIOrHYECKHE BAPHAHTBI A30THPOBAHKUS
B KOHTPOJIMPYeMOii aTMoc(epe aMMHAKA M BO3IyXa

s monydeHUsT a30TUPOBAaHHOTO CJI0ST Ha 0a3e HUT-
PUIOB JIETUPYIOIIMX 3JIEMEHTOB MCCIEIOBaHbI MPOLIECCHI
HU3KOTEMIIEPaTypPHOTO a30TUPOBAHUSI B KOHTPOJIUPYE-
Mol atMocdepe ammMuaka u Bozayxa. M3sectHo [4—6],
YTO KHMCJIOPOJ CITOCOOCTBYET MHTCHCU(DUKAIIUY ITPOIIEC-
ca a30TUPOBAHUS, 00pasywUIasicd B aMMUAYHO-KHUCIIO-
porocoaepXaIiux atMochepax Ha TTOBEPXHOCTU OKCH/I-
Has TJIeHKa BJIMSET Ha (opMUpPOBaHUE YIIPOUHEHHOTO
cios [7]. AKTuBU3UpYlolee AeicTBME BO3AyXa B HAChI-
malieit atMmocdepe Ha IMpolecc a30TUPOBAHUS O0bsIC-
HSIETCSI TeM, UTO TIEPBUIHOE OKUCIICHUE CTaJIell KUCIIOPO-
JIOM BO3IyXa MPUBOAUT K (POPMUPOBAHUIO HA TIOBEPXHO-
CTU MOPUCTOM IUICHKU OKCUIOB, COCTOSIIEH U3 CMECU
Fe,0; u Fe;0,, uto objeryaer Kak Mx BOCCTaHOBJICHUE
BOJOPOAOM, Tak U Auddy3uio a3oTa B 00beM MeTaia [8].

CorylacHO TeOpUM TeTepoTeHHOro KaTtanausa [9] mpo-
HUKHOBEHME aTOMOB HACBIIIAIOIIEro 3JeMEHTa B MeTaJll
MPOUCXOIUT HE B JIFOOOI TOUKE MOBEPXHOCTH, a B ONpe-
JIeJIEHHbIX aKTUBHBIX LIEHTPax, YUCJIO KOTOPBIX 3aBUCUT
OT MPUPOIbI U COCTOSIHUSI TTIOBEpXHOCTU. [TocKoNIbKY Ha
ITOBEPXHOCTH KOJIMIECTBO aKTUBHBIX IICHTPOB HEBEIINKO,
a30T Tocjie aAcopOLMKU Ha LEHTpax MPOHUKAET B I1y0b
MeTajlla U PaclpoCTpaHseTCsl B paguaibHOM HallpaBiie-
HUU, YTO IPUBOJIUT K (DOPMUPOBAHUIO HEPABHOMEPHOTO
"BotHUCTOTO" ciosg. Hanmmume Kuciopoma MIpUBOIUT K
3HAUUTEIbHOMY YBEJINUEHUIO KOJIMYECTBA LIEHTPOB U TEM
CaMBIM CITOCOOCTBYET (hDOPMHUPOBAHUIO OoJIee paBHOMEP-
HOTO CJIOSI.

Hawubonbimas 3¢ppeKTUBHOCTb a30TUPOBAHUST B aTMO-
cdepe, comepkaleii aMMHuaK 1 BO3IYX, JOCTUTACTCS TIPU
pasmeeHNH (cerperalnm) 3TUX ABYX aTMocdep, T.e. CHa-
yajia OCYILECTBIISICTCS MoJavya BO3ayXa C LIeJIbI0 OKMCIIe-
HUS, a 3aTeM — a30TUpPOBaHUE B aTMOcdepe amMmMuaka.
IIpu aTOM HarpeB AeTajeii 10 TeMrepaTypbl HAChIILIEHUS
MPOBOJST B MUHEPTHOIT aTMocdepe ¢ mocaeaytollei nmojaa-
Yyel B TIeYb BO3AyXa IUISI 00pa30BaHUS OKCUIHON TUICHKU
U NaJbHEHUIIEeN nmogayer aMMuaka Kak HOCUTENS aKTUB-
Horo a3ora. [1o cyiiecTBy B 3TOM MeTone 00paboTKa Jie-
Tajel B BO3IYIIIHO-aMMUAYHOM CpeNe MPOXOAUT TPU CTa-
nuu. Ha 1-i ctaguu usaenue HarpeBaloT 10 TpeOdyemoii
TeMmIiepaTypbl B MHEPTHOI aTMoc(epe B OTCYTCTBUE aK-
THUBHOI'O a30Ta, YTO HE JOITyCKAaeT HACHIIIECHUSI UM I10-
BepxHOCTH M3nenusi. Ha 2-M 3Tane u3menue BeIIEpPKUBa-
10T TIPU TOM Xe TeMIlepaType B BO3AYILIHOM aTMocdepe, B
pe3y/bTaTe Yero Ha ero rnoBepxXHOCTU (popMuUpyeTcs 30Ha
U3 OKCUJIOB 3KeJie3a, KOTopasl SIBJISIETCSl SHEPreTUYeCKUM
OapbepoM, TMOHUXKAIOIIUM KUHETUUYECKYID DHEPTUio
HMOHOB a30Ta, YIACTBYIOIINX B IIPOIECCE a30TUPOBAHUS.

Ha 3-m aramne n3aenne BeIIEPXKUBAIOT IIPU TO K€ TeMITe-
paType B aTMocdepe aMMHuaKa, 4To MPUBOAUT K 00pa3o-
BaHUIO MOBEPXHOCTHOM YNMPOYHEHHOI 30HBI Ha 0Oase
TBEPIOTO pacTBopa a30Ta M HUTPUAOB JETUPYIOIIUX
9JIEMEHTOB B CTalM MPEIBbIACICHNUS, KOTOpbIEe obecre-
YUBAIOT TMOBBIIIEHUE TBEPAOCTU U U3HOCOCTOMKOCTH.

BapuanToMm Takoro mporiecca SIBIsIeTCs MUKINIeCKOoe
OKCHa30THUpOBaHMe. B KaxkmoM IIMKJIe cHaJaia IogaeTcs
KHUCJIOpOoaocoaepKaliuii ra3 (Bo3ayx) B TeUeHUE BpeMe-
HM, HEOOXOIMMOTO [IJIsI 00pa30BaHMSI Ha MOBEPXHOCTU
OKCUJHOW TJIEHKHU 3aJaHHOU TOJIIMHBI. 3aTeM Iojaya
BO3/1yXa MPEeKpallaeTcs, U B OCTaBIleecs BpeMsl MTOIaeTCs
aMMUaK, KOTOPBI KOHTAKTHUPYET C 00pPa30BaBIINMCS OK-
cunHbIM ciaoeM. [lokazaHo, YTO UMEHHO NP IIUKIIMIe-
CKOM OKCHMa30THUPOBAHUM IIPOMCXOIUT HauboJjee Cyle-
CTBEHHasl MHTeHCUbUKALIMS TIpoliecca, YTO BbIpaxaeTcs
B POCTE CKOPOCTHU HACBIIIEHUS] 1 MAaKCUMaJIbHOM IOBBI-
LIEHUU TBEPAOCTU a30TUPOBAHHOTO CJIOS IO CPABHEHUIO
C KJIACCUYECKUM a30TUPOBAHMEM M C HACHIINICHUEM B
cMecu aMMHaka 1 Bo3myxa (puc. 1).
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Puc. 1. Kunetuka pocra (a) u TBepaoctb (6) muddy3noHHBIX CI0EB
Ha cramu 38X2MIOA, azotupoBanHoii npu Temnepatype 570 °C B
Pa3NMYHBIX Cpenax:

I — ammuak; 2 — aMmmuak + Bo3nyx; 3 — HUKJIMYECKOE OKCU-
HUTPUPOBAHUE
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3aKoHOMEpPHOCTH CTPYKTYpPbI M ()a30BOro cocTaBa
A30TUPOBAHHLIX CJIOEB B JIETUPOBAHHBIX CTAJAX
nocje XTO B paznenennbix atmocepax Bo3ayxa
n aMMHaKa

B pesynbrare mpoiieccoB ¢ pa3meIeHHBIMHU BO3MYyII-
HO-aMMMAYHBIMU aTMocdepaMu KOMILIEKCHOe Tuddy-
3MOHHOE TTOKPBITHE (hOPMUPYETCS IO IHEPreTUUESCKUM
OapbepoM M3 OKCUIHBIX IJeHOK. Tak Kak cBOOOgHas
SHEepPTrus 00pa30BaHWs HUTPUIOB XpoOMa 3HAYUTEIBHO
HIKE, YeM DHepTusi 00pa3oBaHUs HUTPUAOB Xkenesa [10],
TO, YTOOBI MCKJIIOYUTH BEIIeJICHNE HUTPHUIOB XKele3a, He-
00XOIMMO CHU3UTH KMHETUYECKYIO SHEPTUI0 MOHOB a30-
Ta, YYaCTBYIOIIUX B MpOIlecce a30TUPOBAHUI. DTOMY
CMOCOOCTBYeT Oapbep Ha MYTU MPOHUKHOBEHUSI MOHOB
as3oTa B MeTaJlJl B BUIE OKCUIHOW IIJIEHKU, KOTOpas
dopmupyeTcs TIpu MpeaBapUTSILHOM KOHTPOJIUPYEMOM
OKUCJICHUH TIOBEPXHOCTH TIepel HACHIIIICHUEM a30TOM.

MexaHU3M MPOTeKaHUs IIpoliecca HACHIIIEHUS a30-
TOM TIOJ, OKCUIHBIM 0apbepOoM MILTIOCTPUPYET cxema "Me-
TaJlI—OoKcHUI—ra3oBas ¢aza" (puc. 2).

H3sBectHO [11], 4TO CBOOOAHBIE 3TEKTPOHBI C OOJIb-
IO SHEePrueii 3HAYUTEJIBHO JIeTYe SMUTUPYIOT U3 OKCH-
IIoB, yeM u3 MeTasuioB. CienoBaTesIbHO, MOHM3AIIMs Ha-
ChIIIAIONIETO Tra3a (aMMUaKa) HaJ OKCUAHOM TJIEHKO
OyneT npotekaTh 00Jee MHTEHCUBHO, U COMTPOBOXIATHCS
o0Opa3oBaHUEeM MOHOB (OTpMLIATEIbHBIX MOHOB a30Ta U
HEeUTpaIbHBIX MOJIEKYJ Bomopona M amMmMmuaka). M3-3a
SMUCCUM MOHOB M3 OKCUIHON TNICHKUA BOKPYT M3IEIUS
co3maeTcs 3ICKTPUUECKOoe TMoJie, YCKOPSIIolee IBIKEHUE
00pa30BaBIINXCS MOHOB a30Ta K €ro MoBepXHOCTU. Eciu
TOJILIMHA OKCUIHOM TIJICHKU JOCTaTOYHO MaJia (HaHOopa3-
MepHa), TO HEKOTOpbIE M3 HOHOB a30Ta IIPOHUKAIOT Yepe3
Hee K MIOBEPXHOCTU METaJuIa, Tepsis IIPU 3TOM KMHETHIe-
CKyl0 3Hepruio. TakuM o0pa3oM, OKCUIHAas IIJIeHKa, C
OHOI CTOPOHBI, CIY>KUT UCTOYHUKOM ITOTOKA 3JIEKTPO-
HOB, MOHU3UPYIOLIUM Ta3 HackIllallleil atMmochepsl, ¢
Ipyroit — OydepHoii 30HOI, morjolarolleil 4acTh
KMHETUIECKON SHEPTUM MOHOB 3TOM aTMOCQEpHI.

TonmuyHa OKCUAHOM MJIEHKM 3aBUCUT OT COACPKaHUS
JIETUPYIOIIMX 3JIEMEHTOB B MeTaJllle. Y CIOBHEM CO3TaHUs

30Ha ¢cBOOOIHBIX
3J1IEKTPOHOB,
BBLICTEBIINX H3
OKCH/IA JKese3a
-
Oxcuy keesa

Mertann
(nerupoBanHas cTajb)

Puc. 2. Cucrema "MeTaai—okcua—rasosas ¢asza”

OydepHOIT 30HBI SBIISIETCST BBIAEPXKKA U3NEIUN B aTMO-
cdhepe Bozmyxa MpU M30TEPMUYECKOUN Temrepatype B
TeUeHUE BPEMEHU, HEOOXOAMMOTO ISl TOJTYUYEHUSI TLIEeH-
KU 33JJaHHOM TOJIIMHBI. B cBOIO ouepe/ib, KOHTPOJIb TOJI-
LIMHBI TToJlyyaeMoil OyhepHOi 30HbI MO3BOJISIET PEryJIn-
poBaThb CHUXEHUE PHEPIUU aKTUBALIMA MOHOB a30Ta J0
YPOBHS, KOTOPBII TpedyeTcs njs1 oopa3oBaHus nuddy-
3MOHHOTO CJIOS Ha 0a3e TBEPAOTro pacTBOpa a3oTa U
HUTPUIOB JIETUPYIOIIUX DJIEMEHTOB.

B nporiecce oxnaxaeHUss HUTPUIbI JETUPYIOLIETO
SJIeMeHTa (HampuMmep, XpoMa) BBIIETSIOTCS B BUAE Yac-
TUL, HAHOPA3MEPHOU BEJIMYMHBI, UTO MPUBOIUT K UCKa-
KEHUIO KPUCTATMIECKON PEIIeTKN M, COOTBETCTBEHHO,
BBI3bIBACT JUCTIEPCUOHHOE YIIPOUHEHUE, YTO HapsIAy C
TBEPIOPACTBOPHBIM YIIPOUYHEHUEM a30TOM SIBJISIETCS
MPUYMHON TOBBIIIEHUST TBEPAOCTU cios. TommuHa auc-
MEePCHO-YIPOYHEHHOIO CJI0sI, COCTOSIILIEr0 U3 HUTPUIOB
JIETUPYIOIINX 3JIEMEHTOB, pacTpeeJIEHHBIX B JIETUPO-
BaHHOM a30TOM TBEPJIOM PacTBOpE, 3aBUCUT OT BPEMEHU
BBIIEPXKKU U3JEIUi B aTMochepe aMMuaka.

[MpencrasisieT nHTEpeC MCCIENOBAHNE MEXaHU3Ma
o0Opa3oBaHUsI OapbepHOIl OKCUIHOM IIJIEHKM, TaK Kak ee
CTPYKTypa U (a30Bblif COCTAB OKA3bIBAIOT OMpPENEIsIIO-
1ee BIWSIHME Ha KMHETUKY MOCJeAyIoUIero mpoiecca
a30TUPOBAHUSI.

O0pa3zoBaHNe OKCUIHOM TJIEHKU HA TTIOBEPXHOCTU Me-
Tajula Mpyu €ro B3aMMOACHCTBUU C KUCIOPOAOCOAEPKa-
meit aTMocdepoil HAaUMHAETCS C TUCCOIMAIINY MOJIEKYIT
KHCJIOpO/ia Ha UOHBI, KOTOPbIE afcOpOUPYIOTCS Ha TOo-
BEPXHOCTH CTaJbHOTO U3JE/Us, 3aTeM MOCTeNeHHO TUd-
GyHIUpYIOT B TIy0h MeTajuia (puc. 3). Takoe mpoHUKHO-

PaGota BbIXO/Ia 9J1€KTpOHA
13 MaTepHasia IeTaiu
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Puc. 3. Cxema dropMupoBanusi OKCHIAHO IIEHKH HA JKeje3e
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BEHME ITPOMCXOIUT ITyTEM BHEAPCHMS
aTOMOB KHCJOpOJa B MEXIOY3JIMs
KPUCTAJUTMICCKON pelIeTKI MeTajlia U
IUPPYy3Un MO0 3TUM MEXAOY3IUSIM.
BOsu3u moBepxHOCTU pasaesia Me- A [
TaJlI—OKCUJ UMeeTcs TU(y3noHHBIN
JIBOMHOM 3JIEKTPUYECKMIA CIIOI, B KO-
TOPOM 3JIEKTPOHBI IBIKYTCS K aIcOp-
OMpOBaHHBIM aToMaM KHUCJIOpOZa
ObICTpee MOHOB.

B pesynbrate muddysum kuciopo-
la KpUCTaJJIMyecKasl peleTka Io-
BepraeTcs onpeaeseHHou aedopma-
LIMW, CBI3aHHOW C BO3HUKHOBEHUEM
BHYTPEHHUX HampsckeHnii. Ha ompeneneHHol rryonHe
JIOCTUTAETCSl KOHIIEHTpAllUsl KUCIopoaa, 0m3Kas K ero
CTEXMOMETPUYECKOMY CONIEPXKAHUIO B OKCHUJIE, U B 9TOM
cJloe MPOMCXOIUT (ha3oBoe MpeBpallieHUe, TPU KOTOPOM
TBEPIBIl pacTBOP BHEIPEHUS KUCIOPOaa B MeTaJUIe TIpe-
o0pasyeTcst B OKCUJ, C CXKaTOl WM pacTIHYTON pelieT-
KOI, B 3aBUCMMOCTH OT COOTHOIIEHUS aTOMHOIO 00beMa
MeTajJla MJIM MOJIEKYJISIDHOTO 00beMa okcuaa. Takum
o0pa3oM, (popMmupyeTcs TOHKass HaHOpa3MepHasl TUICHKa
OKCcHI0B Xene3a. Mcxond u3 knaccubukaui HaHOOO0b-
eKkToB, npeminoxeHHoit I'. I'neiictepom [12], obpa3oBaH-
HBIE TIJICHKH OTHOCSITCS K TICPBOI KaTeropnu HaHOMaTe-
pManoB, TaK KaK OHM TOJyYeHbl Ha OCHOBE IPOLIECCOB
nbby3MOHHOT0 MOIUGUIIMPOBAHUS U3 ra30Boil da3bl,
NPy KOTOPBIX MPOUCXOOUT nucdbhy3usi BeIIeCTB B
MMOJJIOKKY B pe3yJbTaTe TepMUUECKOTO MOHOOOpa3oBa-
Hus. TolnmHa Takoit TJIEHKM PeryJupyeTcsl u3MEeHeHU-
€M COCTaBa rasa.

CuuTaeTcs, 9TO P BHICOKOM COACPKaHUM KHCIOPO-
la B aTMoc(depe Ha MOBEPXHOCTU CTajlell o0pasyercs
JIBYXCJIOIiHAsI OKCUIHAS TJICHKA C PE3KMM pa3InIueM B
dazoBoM cocTaBe cioeB. CorjlacHO auarpamme, mpen-
craBieHHoii M. Xancenom u K. Annepko [13], B cucteme
Fe—O o6pa3syworcsa: Fe;O, — MarHeTUT U reMatur —
Fe,0; ¢ xapakTepHoii ryouarToii cTpykTypoii. I1pu peskom
pa3IMINA B KPUCTANTMYECKOU CTPYKTYPE STUX OKCHIOB
aare3usi MeXXay HUMU cadasi 1 MoJaydYeHHasl Ha MOoBepX-
HOCTU OKCHUAHASI TUICHKA — PBIXJIasl, 9YTO CIIOCOOCTBYET
OecIpernsITCTBEHHOMY IPOHMKHOBEHUIO a3oTa IIpu
ITOCJICAYIONIEM a30TUPOBAHNM.

IroTHBIN coit okcuma oOpa3yeTcs TOoTaa, KOraa Mo-
JISIPHBIA 00BEM OKCcHaa OOJIbIIIe WM PaBEH MOJISIPHOMY
o0beMy Metania. [Ipenmoiaraercs, 4yTo eciy pasandyue
MEXIY MOJISIpHBIMU 0ObeMaMu MeHblie 15 %, To cioi
OymeT UMETh MapaMeTphl PEIIETKU MeTajla, a eclu pa3-
HuLa Goublie 15 %, TOo mapaMeTp pelieTKy cliost OyaeT
0oJiee OJIM30K K MapamMeTpy COOTBETCTBYIOLIEIO COeAUHE-
Hud. [Ipoliecc OKMCIEHNUST METAJNIOB COIMPOBOXIACTCS
U3MEHEHUEM KPUCTANIMUYECKOU pelieTKu, HO MPU 3TOM
COXPaHSIOTCSI OPUECHTAIIMOHHBIE COOTHOIICHUST MEXKIY
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Puc. 4. Iludpakrorpamma nosepxuoctu aetamm u3 craau 40X13 nocjie a30THpOBaHUs B BO3-
JIyHIHO-aMMHa4YHo#i atMocdepe mipu 7,, = 580 °C (JIPOH-3)

pelieTkaMu okcuna u Metayuia. [loaromy B TiepBylo ode-
penb obpasyeTcsl TaKOW OKCHJ, CTPYKTypa KOTOPOTO B
HauOOJIbIIEH CTEMIEHN COOTBETCTBYET CTPYKTYPE OKMC-
Jsiemoro Metaia. Hampumep, o0beMHO-1IEHTPUPOBAH-
Hasl pelieTka o-xkejie3a MepexoauT NMPU OKUCIeHUN B
MPOCTYI0 KyOWUYECKYI0 PELIETKY 3aKUCH XeJie3a ¢ MUHU-
MaJIbHBIMU HAMPSKEHUSIMMU.

CornacHo mnpeanojoxeHuio ApxapoBa [14], yem
MEHbIIIE TTapaMeTp PEelIeTKU LIMUHEIU, 00pasyolieics
MpY OKUCJIIEHUU METAJIOB U CIUIABOB, TEM IJIOTHEE TO-
JIydeHHas TieHKa. Takum o0pa3oM, He0OXOAMMO YUYUTHI-
BaTh COCTaB, CTPOCHUE U CBOWCTBA OKCUAHBIX TJIEHOK,
TPEICTABIISTIONINX CO00M CaMOCTOSITENTbHbBIE (ha3bl.

Tak, mpy OKCHA30TUPOBAHUM JAeTaleil U3 CcTanu
30XMBC 06pu1a oydeHa Ha TTOBEPXHOCTH CILIOIITHASI
OKCUJIHAsI TIJIEHKA, cocTosIas u3 okcunaa xeneza Fe,O;
(puc. 4). OkcunHasg NaeHKA, HAXOASIIASICS Ha TPaHULIE
MeTaJJI—OKMCIUTENIbHAS cpe/ia, MMEET MOPhI pa3IndHO-
ro pazMepa. biaromapsi HaTMIMIO TIOP, METaJLI, HaXOJsl -
LIUIACS MO OKCUIHOM TUICHKOM, MOXeT BCTYITUTh B peak-
LIMIO C OKpYyXamolleil cpenoil. Ecau quameTp MOHOB, Ha-
XOSILIUXCSl B OKPYKalolLlel cpenie, J0CTaTOuHO Mall, TO
OHU JIETKO MPOHUKAIOT CKBO3b MOPHI U PEATUPYIOT C
METaJLJIOM.

Ha puc. 5 npencraBieHa Mojaeiab OKCUIHOM TJIEHKHU,
KOTOpasi COCTOUT U3 IBYX YacTeil: HUXKHUI OeCIIOpUCThIi
crnoit (4) sBhsieTcst GapbepoM ST TIPOXOXKACHUS a30Ta,
BepxHUI1 cyioii (2) mpeacTaBisieT co00i CTEp>KHU C Mopa-
Mu. TeHIEHIMST K TIOJyYeHUIO0 TTOPUCTHIX HAHOCTPYKTYP
YCUJIMBAETCS TIPU TTOBBIIIEHUU TeMIIepaTyphbl HaChIIIE-
HUST WU YBEJIMYEHUU JUTUTEILHOCTHU TIpoliecca.

CxeMa mpolecca a30TUPOBAHUS TMpPeABaAPUTEIbHO
OKMCJICHHOI TTOBEPXHOCTH TIpelcTaBieHa Ha puc. 6. Ok-
cUJHas TJIeHKa, 00pa3oBaHHasl Ha TTOBEPXHOCTHU JETaIIH,
SIBJISIETCSI MICTOYHUKOM CBOOOJIHBIX 3JIEKTPOHOB, KOTOPbIE
JIETKO OMUTHUPYIOT C MOBEPXHOCTU. Bricokast aHeprust
SMUTHUPYIOIIUX 3JEKTPOHOB MOBBIIIAET UHTEHCUBHOCTh
WOHM3AIIMK HACHIIIAIOIIETO ra3a (aMMuaka). OMuccus
MOHOB M3 OKCUJHOW TUIEHKU TO3BOJISIET CO3/1aBaTh BO-
KpPYT JeTajld 3JeKTPUIECKOe TMOJie, YCKOPSIOIee MBIKe-
HUEe 00pa30BaBIINXCSI MOHOB a30Ta K MOBEPXHOCTH JIeTa-
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Puc. 5. Cxema cTpoeHUs1 OKCHII-
HOM IUICHKU:

[ — nopa; 2 — okcuIHas siueiika;
3 — CTeHKa OKCHUIHOWN SYeiKu;
4 — 0OeCrOpPUCTBI OKCHIHBIN
cJioii GapbepHOTro TUIa; 5 — OT-
MevyaTku OCHOBAHUM OKCUIHBIX
slYeeK 10 TOBEPXHOCTU CTaslu;
6 — MaTpulia — CTajb

i u3nenus. OnpeneneHHass 4acTh MOHOB a30Ta MPOHM-
KaeT 4yepe3 OKCUAHYIO 0apbepHYIO TUIEHKY K IMOBEpX-
HOCTH CTaJIM, YTO IIPUBOAUT K (DOPMUPOBAHUIO a30THUPO-
BaHHOTO CJTOSI.

B pesynbprare azoTrpoBaHus 00pa3yeTcs yIPOIHEH-
HBI CJIOM, pa3aesieHHbIi 0ecropucToil HaHOpa3MepHOt
OKCUAHO TIeHKO# Ha aBe 30HbI (puc. 7). IMox oxcun-
HBIM CJI0eM HaOJo1aeTcsl MOBbIIIEHHAas! KOHIIEHTpaIUs
XpoMa, 9Ta 30Ha MpeacTaBiseT cCO00U YNMPOUYHEHHBIN
CJIOi M3 MEJIKOAMCIIEPCHBIX HUTPUIOB JIETUPYIOIINX 3JIe-
MEHTOB B CTaIWM TIPEABBINCICHUS U a30Ta B o.-3Kese3e.

B mukpoctpykrype cranm 30XMBC HabmonaeTcs yIi-
pouHeHHas (0Oenasi, He MOANAIONIASICSI TPABJIEHUIO) 30HA

PaboTa BbIXOIA DIIEKTPOHA
U3 MaTepHaia 1eTalu
Vz,

N . .
OKCHUIHBIHA ¢J10M

Y\ DrexTpon

Fe 2N

2

JeTanm 13 XpoMOCoepKaIei
o

cTajam

Fe, N

4

Puc. 6. Cxema dopMHpPOBaHHsT A30THPOBAHHOTO CJIOS MPH MOAAYe
aMMHaKa Ha C(h)OPMHUPOBAHHYIO OKCHIHYIO ILIEHKY

[Toporok
HUTpHIA
wesesa

I1nenxa
OKCHJ1a

Teepmbrit
pactBop CrN

Puc. 7. MUKpPOCTPYKTYpa OKCHA30THPOBAHHOTO ¢J10s1 cTaym 40X13
(x10000)

Puc. 8. MuUKpoCTpyKTypa yNpOYHEHHOii 30HbI, MOJTy4eHHO! B pe-
3yJIbTaTe KOMILIEKCHOrO Iu((y3nOHHOr0 HACBHILEHUS B BO3AYLI-
HOo-amMmuavHoii cpene cram 30XMBC (Bpems HachimeHus 45 MuH,
Temneparypa Hacbimenus 540 °C) (x1000)

(puc. 8), cocTosIas U3 MEJIKOIMUCIIEPCHBIX HUTPUIOB Jie-
TUPYIOIIMX 3JIEMEHTOB, O HaJIMYUU KOTOPHBIX MOXKHO
CyouTh MO yimupeHuto nudpaxkrorpammel Fe, (puc. 9) u
IIBETOBOII TamMMe Ha 3jieKTporpaduu, cieJaHHOU IO
metony Kupnuana (puc. 10).

Puc. 9. /IudpakrorpaMmMa noBepXHOCTH MO OKCHIHBIM CJIOEM CTa-
au 30XMBC
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Puc. 10. Daekrporpadus ynpounennoro cios cramm 30XMBC

6)

Puc. 11. leranu u3 cram 40X 13 no azoTupoBanus (0); mocJie a3o-
THpoBaHud (a, 6, 2)

Puc. 12. HaHonopoiok HATpHAA kKeje3a

AsotupoBanue cranu 40X13 mpuBoouT K 0Opa3oBa-
HUIO Ha TIOBEPXHOCTU JeTajieil BBICOKOA30TUCTOM &-(ha-
3bl. OOLIMIT BUI U3ACAUI TToce 00pabOTKY MoKa3aH Ha
puc. 11.

OOpa3oBaHMEC HUTPUIA Ha OKCUIHOM TNIEHKE BO3-
MOXKHO TOJIBKO TIpU IOSIBJICHUMU Ha €€ TTOBEPXHOCTHU Xe-
Jie3a, KOTOpOe MOMEHTAJIbHO OYIeT BCTYIATh B PeaKIIUIO
C a30TOM, HaxoAsIuMcs B aTMocdepe. MoxXHO mpenno-
JIOXUTh, YTO OKCHUIHAS TUIEHKA paboTaeT 1Mo MPUHIINITY
MeMOpaHbI ¥ TIPOITYCKAEeT yepe3 ceOs IJIeMEeHTHI ¢ He3Ha-
YUTEJTbHBIM aTOMHBIM pagnycoM. Bo3MoxkHO, 9acTh aTo-
MOB xeJie3a TUOYHIUPYET HApYXKy Yepe3 IUIeHKY, 1100
MMPOUCXOAUT BOCCTAHOBJIEHHUE Xejae3a M3 OKCHAHOM
TUIEHKU:

FeO+H, ->H,0+Fe.

Bricokoazotucras e-da3a, oOpazoBaHHasi Ha MOBEPX-
HOCTHM OKCHUIHOTO CJIOSI, HE CITEKAeTCsI B CILIOIITHYIO HUT-
PUIHYIO KOPKY, TaK KaK TeMIlepaTypa IIaBJIeHUSI HUTPU-
Jla 3HaYMUTEJIbHO BbIlIE paboyeil TeMmepaTypbl a30TUPO-
BaHus1. OOpa3oBaBIIMecs Ha MMOBEPXHOCTU HUTPUIBI
MPEACTABIISTIOT COO0I HAHOIIOPOIIIOK, MMEIOIINI HU3KYIO
IIPOYHOCTH CBSA3M C TTIOBEPXHOCTHIO, CPSTHMIT pa3Mep Jac-
THUII KOTOPOIO cocTaBisieT B cpeaHeM 60 HM (puc. 12),
ITOPOIIOK JIETKO yIAISIeTCs] ¢ TTOBEPXHOCTH.

Takum obpa3oM, B pe3yjbTaTe a30THPOBAHUSI YIIPOU-
HEHHOE TOKPBITHEC MUMEET MHOTOCIOWHYIO CTPYKTYPY
(puc. 13). Ciou ¢ OUCTICPCHBIMU BBIIEICHUSIMU HUTPU-
JIOB JITUPYIOLINX 3JIEMEHTOB I10 T€OMETPUUECKOM KJylac-
cupuxkaunu 3urens [12] oTHOCITCS K HAHOCTPYKTYPHBIM
TOKPBITUSIM.

IToka3aTenu ynpoyneHUs HAHOCTPYKTYPHbIX
a30THMPOBAHHBIX CJIOEB

Kak BugHO u3 puc. 13, ynpouyHeHHBbI ClIO, Moay-
YEHHBIW MO MpeLjlaraéMoi TEXHOJIOTUHU, NPENCTABISAET
TOHKUU KOoHTJoMepaT da3, OTAUYaloIUIACS BBICOKOM

[Toporok
HATPHIA
Hesesa

ITnenka
OKCHIa
sKesesa

Puc. 13. Mukpoctpykrypa (x300) ynpoyHeHHOro CJOSi CTAJH
40X13, no;ry4eHHOro N0 TeXHOJIOTHH IUKJINYECKOT0 a30 THPOBAHUS
B BO3IYIIHO-aMMHAYHOIT aTMoc(epe
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Puc. 14. Pacnpeneienne MUKPOTBEPIOCTH IO TOJIIIHE 00pa3na u3
craneii 20X3MB® (z,, = 540 °C, t,, = 45 mun) (@) u 40X13 (z,, =
=580 °C, 7,, =4 4) () a30THPOBAHHBIX B Pa3/ieJeHHbIX aTMOC(e-
pax aMMHAKa W BO3IyXa

IIOTHOCTBIO. Manbiit pasmep 3epeH (10...100 HM) 00y-
CIIOBJIMBAET OOJIBIITYIO PAa3BUTOCTh M MPOTSIKEHHOCTH
MEXX3ePeHHBIX TPaHUII pa3ielia, KOTopble comepkaT oT 10
10 50 % aToOMOB HAHOKPUCTAUIMYECKOTO BElECTBa. DTO,
B CBOIO OYepelb, OINpeaeseT KOMIUISKC SIBICHUM, CBsI-
3aHHBIX C U3MEHEHUEM CBOMCTB TBEP/bIX TEJI 3a CYET YBe-
JIMYEHUS JOJIM BKJIama MOBEPXHOCTH B OOIIME CBOWCTBA
CcHUCTeMBI. B pesynbrare Takre HaHOCTPYKTYPHBIC ITOKPBI-
THS TI0 CBOMCTBAM CYIIECTBEHHO OTJIH-

YaloTCS OT OOBIYHBIX MOJUKPUCTAILIOB,

Nad
9]
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T o
.\

o
o
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Puc. 15. Vi3meHeHue BeJMYMHBI H3HOCA oOpasua u3 craam 40X13
NPU TPEHHM CKOJIbKeHus 0e3 cva3ku (narpy3ka P = 1 MIla):
1 — obliiee a30TMPOBaHKE; 2 — KJIACCMUYECKOE a30TUPOBAHME

nctupanue. McmeITaHUST a30TMPOBAHHBIX 1O pa3pabo-
TaHHOI TeXHOJIOTMHU AeTayeilt mpubdopos u3 cranu 40X13,
IMpeaHa3HAaUYCHHBIX IJI1 padOTH B arpecCHBHOI cpeme
HEe(TSIHBIX U Ta30BBIX CKBaXWH (cM. puc. 11), mokaszanu
yBeJIMUEHUE UX pecypca padoThl ¢ 45 MuH 10 9 4.

Jns craim 30XMBC B kauecTBe nmokasaTesist MU3HOCO-
CTOMKOCTH M XapaKTepPUCTUKN KadueCcTBA MOBEPXHOCTHU
U3JeNUii ucclienoBaau U3MeHeHue KoaghulineHTa Tpe-
HUS B IIpoliecce U3HOca o0pa3uoB (puc. 16). He3nauu-
TeJbHbIC U3MEHEHMST KO3 PUIIMEeHTa TPSHUS TIpU U3HA-
IUBaHUU JUPEPY3MOHHOTO CI0sI, COCTOSIIEro M3 HaHO-
MUCIIEPCHBIX HUTPUIOB XpOMa, MO3BOJISIIOT YTBEPXKIATh,
YTO TAKOM CJI0i 00IaJaeT JOCTATOYHO BBICOKOI M3HOCO-
cToikocThio. Manas ammuryaa konebanuii koadbuum-
€HTa TpeHUS YKa3bIBacT Ha POBHYIO ITOBEPXHOCTD YIIPOU-
HEHHOTO CJIOS ¥ COXpaHEHME IIePBOHAYATIBLHBIX Pa3MEPOB
0o0pa3loB.

BoiBoabl

PesynbTaThl MpoOBeAeHHbBIX UCCAEIOBAaHUI MOKa3aIu
9(pHEeKTUBHOCTb a30TUPOBAHUS B pa3faeIeHHbIX aTMO-
chepax aMMUaKa v BO3ayxa JJIsl yIPOUHEHUS pa3InyHbIX
craneid. JlnamnazoH TeXHOJIOTUYECKUX BO3MOXHOCTEM cer-
peralMoHHOro NMpoliecca a30TMPOBAHMST AOCTATOYHO 1IN -

C YMEHBILICHHEM NMCTIEPCHOCTU HAHO- 0,35

CTPYKTYPHBIX BBIICICHMII 3HAYUTEILHO 5 0.28

MOBBIIIAIOTCS TBEPAOCTh (puc. 14) u e N

U3HOCOCTOMKOCTH (puc. 15) cloeB, 4To %0’21 ""\

B UTOTE YBEJIUYUBAET pecypc paboThl 50,14

JeTajei. 0,07 A th. W A
B cnyyae asoTtupoBaHHO# cTaium & ;\J

]
40X13 BBICOKOE CONPOTUBIECHUE M3HO- == 0
cy o0OBbsicHsSIeTCSl 00pa3oBaHUEM Ha I10-
BEPXHOCTU MEJKOAMCTIEPCHOTO HaHO-

100 200 300 400 500 600 700 800 900 1000 1100 1200

Bpewms, ¢

MOPOIIKa, KOTOPBIA SABISAETCS CBOEro Puc. 16. N3menenne ko3gduuueHTa TpeHHss HA MOBEPXHOCTH YNPOUYHEHHOH CTaIH

poza cMaskoii mpu padote neraneit Ha 30XMBC
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POK M TO3BOJISIET CO3AaTh HAa MeTaJlJlaX U CILJlaBaX pa3Ho-
obpasHbie nUGGY3MOHHBIE HUTPUIHBIE TTOKPBITUS C
0OJBIIMM HAa0OPOM (PU3MKO-MEeXaHUUECKUX XapaKTepu-
CTUK.
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KoMOMHHpOBaHHOE MOBEPXHOCTHOE YIPOUYHEHHE YIJIEPOIUCTBIX CTaJIei
Ja3epHBIM JIETHPOBAHUEM C MOCJIEAYIOIUM a30THPOBAHHEM

[Ipednodcena KOMOUHUPOBAHHAS MEXHOA02US NOBEPXHOCHIHOR0 YNPOHHEHUS 8bICOKOY2AePOOUCIbIX cmaneli, 3aKat0-
YAWAACS 6 AA3ePHOM NeLUPOBAHUU ¢ NOCACOVIOUUM A30MUPOBAHUEM U KOMOPAs NO360451em NOAYHAMb YAPOUHEHHbIE
caou moawuroit 0o 700 mxm ¢ mukpomeepdocmuto do 12000 MIla. Ycmanosnens: mexnorocuueckue napamempsl 1azep-
Holl 00pabomku, no3goasowue Gopmuposams Ha NOBEPXHOCMU YenepoOUCOll CManu A1e2UPO8aHHble CAOU ¢ MEAKO3ePHU -

cmoil cmpyKmypoul u QucnepcHbuiMu Kapoudamu.

Karouegvie caosa: AdasepHoe jnezupoearue, asomupoeanue, ye/zepoducmbte cmanu.

Combined technology of surface hardening of high carbon steels, consisting of laser alloying with subsequent nitriding
is proposed. It makes possible to obtain hardened layers with thickness up to 700 microns with a microhardness of up to
12000 MPa. Technological parameters of laser treatment, allowing obtaining on the surface of carbon steel alloy layers with

fine-grained structure with dispersed carbides were defined.

Keywords: laser alloying, nitriding, carbon steel.

BBenenmne

B HacTosiiiee BpeMst 1azepHasi 00pabOTKa MCII0JIb3Y-
eTCs JUTSI TIOBBIIIIEHUS IIPOYHOCTHBIX XapaKTEPUCTUK pa3-
JINYHBIX MaTepHaJIOB, B TOM YMCJIC U YIJIEPOAMCTBIX CTa-
neit. Ee mpenmytiiecTBaMu SIBISTFOTCST BBICOKAsI CKOPOCTb,
TOYHOCTb M KauecTBO 00paboTkm [1].

JlerupoBaHue TIpU Ja3epHOM HarpeBe ITO3BOJISICT T10-
JIy9aTh CJIOU TOMIMHUHON 10 300 MKM IIpH UMITYJIBCHOM
Bo3nericTBur u 10 700...800 MKM TIpu HEIIPEPBHIBHOM.
[Tpu aTOM pacmpeneneHne JICTUPYIONMIETo JIEMEHTA B 30-
HE JIa3epHOTO BO3ICUCTBUS, KaK MPaBWJIO, paBHOMEPHO
I10 BCeil TOMIIMHE. BBICOKIE CKOpOCTH HarpeBa 1 OXJIaxK-
IIeHUS TIPUBOIAT K 00pa30BaHMIO HEPAaBHOBECHBIX CTPYK-
TYp C BBICOKOM MHUKPOTBEPHOCTHIO. [IpenmytmecTBamMu
JTIa3¢pHOTO JITUPOBAHUS 10 CPAaBHEHUIO C IPYTUMHU CITO-
cobaMn MOIM(PUIIMPOBAHUS MTOBEPXHOCTH SIBIISTIOTCS:
SKOHOMMS JICTUPYIOIIETO 2JIEMeHTa, MUHUMAaJIbHAS T10-
cleayolnas MexaHnaecKasi 00paboTKa, SKOHOMHUS TPY-
noBbIX 3aTpat [1]. HegocTaTkoM J1a3epHOTO JIErMPOBaHUS
SIBJISTIOTCSI HEOJIarOTIPUSITHBIC PACTSITHBAOIINE OCTATOU-
HBbIC HATIPSKCHUS Ha TpaHUIE MEXOY 30HOH J1a3epHOTO
BO3ICHCTBUS W MaTepHaAJIOM MaTPHUIIBI, ITPUBOISIINE K
00pa30BaHUIO TPEIINH B IIpollecce KCIUTyaTaunu [2, 3].
HarmpsokeHNsST MOXKHO YMEHBIIUTD TOIIOJTHUTCIFHBIM Ha-
IPEBOM, HO IIPU 3TOM CHUXKAETCS TBEPHOCTH YIPOU-
HEHHBIX cioeB |3, 4].

M3BecTHO, YTO a30TMPOBAHUE YIJIEPOAMCTHIX CTAJIEH,
MIPAaKTUUECKMW HE IOBHIIIAs TBEPAOCTh, 00EeCIIeUYNBaET
yIy4dllleHue aHTU(GPUKIIMOHHBIX XapaKTePUCTUK MPU
KOHTaKTHBIX Harpyskax [5].

J171s1 TOBBILLIEHUSI TTIPOYHOCTHU, KOHTAKTHON BBIHOC/IM-
BOCTHU Y COTIPOTUBJIEHUSI U3HOCY HEOOXOIUMO YBEJINIUTh
TTOBEPXHOCTHYIO TBEPIOCTh CJIOSI, YTO OOBIYHO JOCTUTA-
eTcsl a30TUPOBAHMUEM CTaJiei, JeTMPOBAHHBIX HUTPHUIO-
00pa3yoIuMu 3JIeMeHTaMu. Jlerupyomiue 31eMeHTH
M3MEHSIIOT PaCTBOPUMOCTh a30Ta B a.-haze, pacTBOPSIIOT-
cs B - U y'-haze, oOpazyst caMOCTOSITeNIbHbIE AUCTIEPC-
Hble HUTpUIBL. [1py a30TMpOBaHNHM CIIABOB 3kKeyie3a B y' -
1 g-Gaszax 9acTh aTOMOB 3XeJjie3a 3aMeIlaeTCsl JIETUPYIo-
IIUMU 3JIEMEHTaM1, BOZHUKAIOT KOMILJIEKCHbIE HUTPUI-
Heie coenuHenus (Fe,M),N; (Fe,M);N; (Fe,M),N. O6-
JIaCTh TOMOTEHHOCTH Y’ -(ha3bl pacHIMpsieTcs, a JeTupoBa-
Hue £-ha3bl MOBBIIIACT €€ TBEPAOCTb U COMPOTUBJICHUE
usHocy. [1pu 3ToM TBEpAOCTb 30HbI BHYTPEHHErO a30TU-
pOBaHUsI OTIpeesIeTCs BbIACICHUEM HUTPUIOB JIETH-
PYIOLIMX 3JIEMEHTOB [6].

W3 gucia MeTaioB IIepeXOaHON TPYIIIbl HUTPUIBI
00pa3yIoT TOJBKO T€ JEMEHThI, Y KOTOPbIX MPearocaea-
HSIST JIEKTPOHHAS d-TIOATPYIIa MeHee JTI0CTPOeHa, YeM Y
KeJjesa, MPUYEeM CKIOHHOCTh K OOpa3oBaHMIO HUTPU-
JIOB BO3pacTaeT B CIICAYIOIICH ITOCIen0BaTeIbHOCTH |5,
6]: Ni->Co—Fe—->Mn—Cr->Mo—>W—-Nb—>V->Ti—>Zr.
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YcTaHOBIIEHO, YTO IS IIOBBIIICHUSI TPOYHOCTHBIX Xa-
PAKTEPUCTUK U U3HOCOCTOMKOCTU YIIEPOIUCTHIX CTajeil
1eJiecoo0pa3Ho MPOBOAUTH KOMOMHUPOBAHHYIO 0Opa-
OOTKY ITO TEXHOJIOTUM, COCTOSILIE U3 JIETUPOBAHUS HUT-
PUA000PA3YIOIIMMHU 3JIEMEHTAMHU IPU JIa3epPHOM Harpese
U TIOCJIEIYIONIETO a30TUPOBAHMSI.

MeToauKa MpoBeAeHHs UCCIeI0BAHMIA

HccnenoBaHust MpoOBOAWIN Ha BHICOKOYTJIEPOIUCTHIX
cransgx Y8 u Y10. IToBepxHOCTb 00pa3LioB 00e3KUPUBAIU
alleTOHOM, 3aTeM HaHOCWJIM 00Ma3Ky, COCTOSIIITYIO U3 T10-
poiika jgerupyouiero anemeHta (Mo, V, W, Ti, Nb, Cr,
Al) u cBsa3yrotniero BemniectBa (mamnonnaak). O6padoTKy
OITBITHBIX 00PA3IIOB OCYIIECTBIISIM Ha Ta30pa3psAHOM
CO,-na3epe moiHocTbio 600 Bt B 3aiuTHOM atMocdepe
aproHa npu pasJUyHbIX CKOPOCTSIX MepeMelIeHUS Jla3ep-
Horo jy4a oT 5 1o 30 MM/c. A30TMpOBaHNE TTPOBOIMIN
npu Temneparype 570 °C B TeueHue 6 4 CO CTENEHBIO
aucconuanuu ammuaka 30 %. MUKPOCTPYKTYPHI ILLIK-
¢oB uccinemoBaiu Ha Mukpockomne Axiovert 25 CA.
M3MepeHnst TBEpAOCTH YITPOUYHEHHBIX CJIOEB ITPOBOIMIN
10 CTaHOApTHOM METOAMKE Ha MUKPOTBEpAOMEpE
I[IMT-3.

OO0cyxkaenue pe3yJibTaTOB

Ha ¢opmupoBaHue jleripoBaHHON 30HBI Ha MTOBEPX-
HOCTH YIJIEPOAMCTOM CTaau TOA AeiCTBUEM HENpephIB-
HOTO JIa3ePHOTO M3JTyYEHUST OKA3bIBAIOT BIUSIHUE XUMU-
YECKHUil COCTaB M KOJIUYECTBO OOMa3Ku, MOUIHOCTb U
CKOPOCTb TepemenieHus jgazepHoro jgyda. C yBeTuueHu-
€M CKOPOCTH JABMKEHUS JJa3epHOTro Jy4Ja oT 5 10 25 MMm/c
TOJIIIIMHA 30HBI JIeTMpoBaHUs yMeHblaetcs ot (700+£100)
mo (350+100) mxm. Pasbpoc 3HaueHHUIl 3aBUCHUT OT
TemI0(PU3NUECKUX CBOMCTB 0OMAa3KU.

a)

Puc. 1. MukpocTpyKTypa cTaiau Y8 nocJje JiernpoBaHusi TATAHOM B
HenpepbiBHOM pexkume usaydenus (P = 600 Br, v = 10 mm/c):
a — (x100); 6 — (x1000)

a)

Puc. 2. Mukpoctpykrypa cramm Y10 nocJie JerupoBaHus BaHaIu-
€M B HenpepbIBHOM pexkume u3aydennsi (P= 600 Bt, v=15mm/c):
a — (x100); 6 — (x1000)

HccnenoBanus mokasajiu, 4TO CKOPOCTh TiepeMeltie-
HUS JIJa3epHOTO JIy4ya CYIIIECTBEHHO BIMSIET Ha CTPYKTYPO-
obpa3oBaHMe U MUKPOTBepAoCTh ctajieit Y8 n Y10. Tak
MMPU CKOPOCTSIX MEepeMeIleHUs Ja3epHOTO Jiyya MeHee
10 MM/C B 30HE Jla3epHOTrO JIETUPOBaHUs 00pa3yeTcs Ofl-
HOpOIHAsT MEJIKO3ePHUCTAs TIEPIUTHAST CTPYKTYpa C BBI-
IeJICHUSIMU TUCIIEPCHBIX KapOMIOB C BEICOKOW TBEPIO-
cThi0. PacmipeneneHre MUKPOTBEPAOCTH 10 TOJNIIMHE YIT-
POYHEHHOTO CJI0sI HOCUT PaBHOMEPHBIN XapaKTep, 4To
KOCBEHHO yKa3bIBaeT Ha paBHOMEPHOE pacIpeesicHue
JIETUPYIOIIETO 3JIeMeHTa B BaHHE pacruiaBa.

Pa3zmep 3epHa 3aBUCUT OT TUIA JIETUPYIOILIETO 3JIe-
MeHTa. [Ipu JermpoBaHNN MOJIMOIEHOM pa3Mep 3epHa B
30HE JIETUPOBAHUS COCTABIAET 1...3 MKM; BaHagueM U
XpOMOM — 2...4 MKM; TUTAaHOM — 4...5 MKM; aJTlOMUHUEM
— 5...7 MM (puc. 1 u 2). AHaJOruYHbIe pe3yabTaThl MO-
JIy9eHBI U MIPU JIa3ePHOM JIETUPOBAHUU MaJIOYTJICPOIH-
cteIX ctajei [7]. C yBeaIUdeHNEM CKOPOCTH TepeMele-
Hus jayda aasepa 10 30 MM/C cpenHue 3HaYeHUs MUKPO-
TBEPIOCTH MO TJIyOWHE BO3pacTaloT, a CTPYKTypa
IIPeACTaBIISIET COOOI METKOMTOIbYATHIIE MAPTEHCHUT U
BKJIFOUCHMS MEJIKOMMCIICPCHBIX KapoumoB (puc. 1 u 2).
JlanbHeliiee yBeanueHNe CKOPOCTU MepeMeIIeHUS Tyda
(Bpire 30 MM/C) MPUBOAMUT K TOMY, YTO BCS oOMaska
pacriaBisgeTcss paHbIle, YeM HadYMHAeT IJIaBUThCS
o0pa3zel] ¥ MPOUCXOANT JIa3epHasl HarIaBKa.

Takum 06pa3oM, ITyTeM BapbUPOBAHUS TEXHOJIOTHUC-
CKHMX TTapaMeTPOB JIa3epHO 00pabOTKM Ha ITOBEPXHOCTHU
YIJEPOAUCTOM CTaIM MOXHO (pOpMUPOBAThH JETMPOBaH-
Hble cJoM ToauuHoi 1o 700 MKM ¢ GJaronpusiTHON ¢
TOYKM 3pEHUS TMOBBIIICHUS KOHCTPYKIIMOHHON TTPOYHO-
CTU CTPYKTYpOH MEIKO3CpPHUCTOTO TIepJuTa WIN
MEJIKOUTOJIBYATOTO MAapPTEHCUTA C BBIICICHUSIMU TUCTICP-
CHBIX KapOWIIOB.

[1pu nazepHOM JIerMpOBaHUU HEKOTOPBLIMU KapOMI0-
1 HUTPUAO0O0OPa3yIOLINMU 3JIeMEHTaMU, HAaIIpMep BaHa-
JIMeM, CO CKOPOCTSIMU TepeMeIeHUs JTa3epHOTOo Jiyda 60-
nee 10 MM/c HaOIOmAETCS MOBBIIIICHNE MAUKPOTBEPIOCTH
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Puc. 3. Pacnpenenenne MUKpPOTBEPIOCTH MO TONIIMHE YIIPOYHEH-
Horo cyios ctaiau Y10 nocJie ierupoBanusi MouodaeHom (1), Bana-
muemM (2) u Boabpamom (3) B HempepbIBHOM pPeKNMe U3TydeHHUst
(P =600 Br, v =10 mm/c)

B 30HE TEPMHMUYECKOTO BIMSHUS (IIOJ 30HOH IIeperniaBa)
Ha ryouny no 200 mxMm. I[Tpu 3TOM MUKPOTBEPAOCTH B
30HE IJIaBJIEHUS] B HENOCPENCTBEHHOM OJM30CTH K Ipa-
HUIIE C 30HOM TepMUYECKOTO BausHusg B 1,25—2,5 paza
MEHBIIIE, YeM B 30HE TEPMUUYECKOTO BIIVSTHMSI.

XapakTep pacripeie/ieHusI MUKPOTBEPAOCTH TI0 TOJI-
IIMHE CJI0SI TIPU JISTUPOBAHUU BOJIb(ppaMoM, BaHaIUEeM 1
MOJIMOIeHOM TTOoKa3aH Ha puc. 3. CKauKooOpa3Hoe U3Me-
HEHME MUKPOTBEPIOCTH BOJIM3U IPAHUIILI JISTMPOBAHHOMN
30HbI C OCHOBOI U 30HO# TEPMUUECKOTO BIUSHUS 00bsIC-
HSIETCSI, BO-TIEPBBIX, HEKOTOPHIM CHIXEHUEM COIepsKa-
HUS JIETUPYIOIIMX 3JIEMEHTOB BCJIENCTBAE OCOOEHHOCTEM
MaccomepeHoca, BO3HUKAIOIINX IPU KOHBEKTUBHOM ITe-
peMeIIMBaHUM, a, BO-BTOPHBIX, 00€3yTIIIepOXXNBAHUEM 30-
HbI JlerupoBaHus [7]. Takoil xapakTep U3MEHEHUST MUK~
POTBEPAOCTU Ha I'paHUIIE 30HbI MeperuiaBa ¢ OCHOBHBIM
MaTepuaioM yKa3bIBaeT Ha HeOJIaronmpusiTHOE paciipe/e-
JICHWE OCTATOYHBIX HAIIPSKEHUI B 30HE TEPMUIECKOTO
BIIUSIHUS, YCTPAHUTh KOTOpOEe 0€3 3aMETHOTO CHUKCHMS
TBEPIOCTH MOKHO ITyTeM HHM3KOTEMIICPaTypPHOTO a30TH-
pOBaHUs.

C 3T0i1 11eJIbI0 TTOCIIE JIETUPOBAHUS TIPH JIa3ePHOM Ha-
rpese obpasubl u3 ctaneit Y8 u Y10 noasepranu azoTu-
poBaHuio mipu temieparype 570 °C B Teuenue 6 4. Mux-
POCTPYKTypa cTajau Y8, ImpeaBapuTeIbHO JIETUPOBAaHHOM
XpoMOM, MpeacTaBieHa Ha puc. 4. Ha puc. 4, a BungHo,
YTO a30TMPOBaHME MPOUCXOIUIO HE TOJBKO MO MOBEPX-
HOCTHM o0Opaslia, HO 1 I10 TpaHWIIe MEXIy MaTpUIIe 1 30-
HOI1 JIa3epHOTO JIETUPOBAHUS. DTO CBA3aHO C TeM, 4TO
a30T MudOYHANPYET HEe TOIBKO BINIyOb, HO 1 B HAIIpaBJIe-
HUU JITUPOBAHHBIX 30H, TaK KaK JIETUPYIOIINE 3JIEMEHTHI
MOBBIIIAIOT PACTBOPHUMOCTh a30Ta B heppuTe; Ha TpaHU-
11 MeXXIy 30HOI TUIaBJACHMSI U MaTpULEH B 30HE TEPMU-
YECKOTO BJIIMSTHUS TTOBBIIIACTCS TDIOTHOCTD JUCTOKAIINA,
yto objervaet auddysuio azora. Takxke 4eTKO BUAHA
rpaauna 1uddy3noHHOTO CI0s1, TTOA KOTOPOil HabIroma-

a) 0)

Puc. 4. MukpocTpyKTypa ctanm Y8 mociie JierupoBaHusi XpoMOM B
HernpepbiBHOM pexkume udaydenust (P= 600 B, v = 10 mm/c) u o-
caenyiomero azotuposanus (r = 570 °C, T = 6 u):

a — (x100); 6 — (x1000)

eTCsl HEeImpOTpaBJIeHHAasI 30HA JIa3epHOTO JISTUPOBAHMSI.
BBISIBUTE MUKPOCTPYKTYPY 3TOM 30HBI HE ymaeTCs daxke
KOHIICHTPUPOBAHHOU a30THOI KMCIOTOM. OTCYyTCTBHE
TPaBUMOCTHU YKa3bIBa€T Ha BBICOKYIO KOPPO3MOHHYIO
CTOMKOCTh YITPOUYHEHHOTO CJIOSI, YTO SIBJISIETCSI CJIEICT-
BUEM TIOBBIIIEHHOW KOHIIEHTpALlMM XpoMa, Haxo.Is-
IIErocsl B TBEPAOM PacTBOPE IOCHE JIa3€PHOIO JIETUPO-
BaHMUSI.

Ha puc. 4, 6 nokazaHo cTpoeHue 1U(pGY3MOHHOTO
CJI0sI TOMIIMHOMN ~70 MKM, TIpeJcTaBisiiolee codoil MeJ-
KO3EPHUCTYIO CTPYKTYPY C a30TUCTOM (ha3oil 1Mo rpaHu-
1am 3epeH. [TockonbKy nipu Harpese no 570 °C u nocne-
IyrolIeit BbIAEPXKKE MPpU a30TMPOBAHUM pa3Mep 3epHa He
yBeJIWUUBaeTcs [5], To MOXKHO yTBEp:KAaTh, YTO U A0 a30-
TUPOBAHUS CTPYKTYpa 30HBI J1a3¢PHOI'0 JeTMPOBAHUS
nMeNTa TaKoe XKe MEJIKOe 3epHO.

PesynbraThl 1IopoMeTpUYeCKUX MCCICIOBAHUMN CTalu
V8, mernpoBaHHOIT XpOMOM, IO W ITOCJIe a30TUPOBAHUS
IpeacTaBIeHBI Ha puc. 5. M3 rpadpmka BUIHO, 9YTO BHICO-
Kast TBEPIOCTh T0CJIe a30TUPOBAHMST HAOJIOAAETCS TOJb-
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Puc. 5. Pacnpenenenne MUKPOTBEPIOCTH MO TONIIMHE YIIPOYHEH-
HOTO CJIOS CTAJIM Y8 nocJie JIernpoBaHusi XPOMOM B HENPEPHIBHOM
pexume uzaydenus (P = 600 Br, v= 10 mm/c) (1) u nocjieayiomero
azotuposanus (r = 570 °C, T= 6 u) (2)
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Puc. 6. Pacnpenenenne MUKPOTBEPIOCTH MO TONIIMHE YIIPOYHEH-
HOro ¢J1os cTaau Y10 moce JiernpoBaHusl MOJMOIEHOM B Hempe-
pbiBHOM pexkume u3aydenusi (P = 600 Br, v= 10 mm/c) (1) umocie-
nytomero azotupoBanus (r = 570 °C, T= 6 4) (2)

KO TaM, rae npounia nuddysus azora. Ha rpanuiie mex-
Iy 30HOU TIeperiaBa U 30HOM TePMHUICCKOTO BIIMSTHUS
HaOJTIogaeTcs pe3Koe MOBBIIIeHNEe 3HAaYeHUIT MUKPOTBEP-
JIOCTH, 4TO CBsA3aHO ¢ Auddy3ueit azora Mo rpaHule
MEXIy 30HOW IepelyiaBa M 30HOM TEPMUUYECKOIO
BIIASTHUS.

ITpoBeneHHBIEC UCCIEIOBAaHUS TTOKA3aId, YTO a30TH-
poBaHue ctanu Y10, npeaBapuTebHO JerMpoOBaHHOM
HUTPUIO00PA3YIOIINME 3JIEMEHTaMU, TIPUBOIUT K HEKO-
TOPOMY CHMXEHUIO MHKPOTBEPIOCTH YIIPOYHECHHOTO
ciosi. Ha puc. 6 mpencraBieHo pacnpeneieHue MUKpPO-
TBEPAOCTHU IO TOJIIMHE 00pa3IoB MOCJe JIa3epHOTO Jie-
TUPOBAHUSI MOJTUOICHOM M MOJMOACHOM C IOCIEIYIO-
M azoTupoBaHueM. M3 rpadpyka BUAHO, YTO MUKPO-
TBEPAOCTb B 30HE JIErMPOBAHMS IJIABHO YMEHbILIASTCS
BIIIyOb OT moBepxHOCTU. KpoMme TOoro, oTCyTcTBYeT cKad-
KOOOpa3HoOe MOBHIIICHUE MUKPOTBEPIOCTH B 30HE Tep-
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Puc. 7. Pacnpenenenne MUKPOTBEPIOCTH 1O TOJIIUHE YIPOYHEH-
HOro cjios ctaau Y10 mociie iernpoBaHusi BAHAWEM B HeNPepbIB-
HoM pexume u3ayyenust (P= 600 Br, v= 10 mm/c) (1) 1 noc.iemyio-
mero azorupoBanus (r = 570 °C, 7= 6 4) (2)
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Puc. 8. Pacnpezenenne MEKPOTBEPIOCTH MO TOJIINHE YIPOYHEH-
HOro cyios cramm Y10 mocie JernpoBanus BOIb()PaMoM B Hempe-
pbiBHOM pexkume u3aydenns (P = 600 Br, v= 10 mm/c) (1) umocie-
nytomero azotuposanus (r = 570 °C, T= 6 4) (2)

MHYECKOTO BIUSHMS. DTO CBSI3aHO C TEM, UTO BBIACPKKA
npu Temnepatype azotTupoBaHus 570 °C npuBOAUT K pac-
Majay MapTeHcuTa Ha (heppuTO-IIEMEHTUTHYIO CMECh, TaK
KakK TeMreparypa a30TUPOBAHUS TIPAKTUYECKU COOTBET-
CTBYET TeMIIepaType BBICOKOTO OTITycKa. CXOmHBIE TIPO-
LIECCHI TIPOTEKAIOT U TIPU JISTUPOBAHUU BBICOKOYTJIEPO-
IUCTBIX CTajJieil BaHagueM M BoJbdhpamMoM (puc. 7, 8).
B nesom 3HayeHUST MUKPOTBEPAOCTU YIPOUYHEHHOTO
CJI08I TIOCJIe a30TUPOBAHUST HECKOJBKO CHMXKAIOTCS, OC-
TaBasiCh JIOCTAaTOYHO BBICOKMMU — Ha YPOBHE MUKPO-
TBEPOOCTU 3aKaJeHHOH cTaiau. OTCYyTCTBUE PE3KOTO I0-
BBIIIIEHUSI MUKPOTBEPIOCTH Ha TPaHUIIe MEXKIY 30HOM
rneperuiaBa U 30HOI TePMUYECKOTO BJIMSHUS O3HAYaeT
Takke, 4To Auddy3un a3oTa Mo rpaHulle MEXIy 30HaMU
TJIaBJICHUS] ¥ TEPMUYECKOTO BIUSHUS He HaOJIIonaeTcs,
YTO TaKXe IMOATBEPXKIAETCS MeTautorpaduiecKuMu
WUCCIIeTOBAaHUSIMU, TIOCKOJIBKY BOJIM3M MTAaHHOW TPaHUIIBI
BUIAMMBIX U3MEHEHMI B CTPYKTYpe HET.

TakuMm 006pazoM, KOMOMHUpPOBaHHAs 00pabOTKa BbI-
COKOYTJIEPOVCTHIX CTAJIE, 3aKITIOUAIOIIAsICS B JTA36PHOM
JITUPOBAHWUU C TTOCCAYIOINM a30TUPOBAHUEM, TTO3BO-
JISIET TIOJTy9aTh BHICOKYIO TBEPIOCTh Ha TIOBEPXHOCTH BBI-
COKOYTJIEPOIUCTBIX CTaJIel, a TaKxKe yCTpaHsIeT Hebiaro-
MPUSTHBIE PACTSATUBAIOLINE OCTATOYHBIE HAMPSXKEHUS
BOJIM3M TPAHUIIBI MEXITY 30HOI JTa3epHOTO BO3ICUCTBUS
U MaTepuajioM MaTpUIIbI.

BoiBoapl

1. YcTraHOBJICHBI TEXHOJIOTHIECKIE TTapaMeTPHI JTa3ep-
HOI1 00paboTKU, MOo3BoJIsIoNNe (OPMUPOBATH Ha TO-
BEPXHOCTH YTJEPOAUCTON CTaNIU JIETUPOBAHHBIC CIOU
ToJILMHOM g0 700 MKM ¢ GJarornpusTHON ¢ TOYKU 3pe-
HUSI TIOBBIIIIEHUS KOHCTPYKIIMOHHOM MPOYHOCTH CTPYK-
TYpOIl MEJIKO3ePHUCTOTO TEPJINTA WJIU MEJIKOUTOIbYATO-
0 MapTEHCHUTA C BBIICICHUSIMU OUCIIEPCHBIX KapOWIOB.
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2. [IpenyioxeHa KOMOMHUPOBaHHAsA 0OpabOTKa BBICO-
KOYIJICPOMMCTHIX CTaJieil, 3aKJII0Yalomasics B JJa3epHOM
JIETUPOBAHUU C TIOCJEAYIOUIMM a30TUPOBAHUEM U KOTO-
past TO3BOJISIET TIOIyYaTh YIIPOUYHEHHbIE CIIOU TOJILIUHOMN
1o 700 MxkMm ¢ MukpoTBepaocThio 1o 12000 MITa.
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®opmupoBanue A1 ¢y3u0OHHOro NMOKPHITUS HA NOBEPXHOCTH CTAJIHU
MyTeM JIa3epHOro u TepMoanuGdy3MOHHOr0 JerupoBaHus

Paspaboman Hovlil KOMOUHUPOBAHHYLI MEMOO NOBEPXHOCMHO20 YNPOUHEHUS CMAAbHbIX demaineli, 3aKAI04arouulics 6
npedsapumenbHoM A0KAALHOM AA3ePHOM Ne2UPOBAHUL U NOCAeOVIoueM mepmooud@y3uoHHOM HACbIUCHUU NOBEPXHOCIU
DasnudHeIMU Aeupylowumu nemenmamu. [lpueedenv: pe3yromamol uccaedo8anuti MUKpoCmpyKmypol U meepoocmu no-
cne KoMOUHUposauHoll o6pabomku apmxo-scesesa u cmanu 40.

Karouesnle caoea: nazeproe necupoganue, mepmooud@dy3uonHoe HacviujeHue, aeeupyloujue 31eMeHmol.

A new combined method of surface hardening of steel parts was designed. This method consists in the preliminary
local laser alloying followed by thermal diffusion saturation of the surface by various alloying elements. Microstructure and
hardness of iron and structural steel alloyed with different alloying elements were investigated.

Keywords: laser alloying, thermal diffusion saturation, alloying elements.

BBenenmne

B HacTosmiee BpeMsT Bo3pacTtaeT MOTPeOHOCTh B HO-
BbIX TEXHOJOTMYECKUX MTPOLIECCaX TOBEPXHOCTHOTO JIETH-
pOBaHUsI, KOTOPbIE TTO3BOJMIM Obl COKPATUTh MPUMEHE-
HUEe TOPOrOCTOSIIMX JIETUPOBAHHBIX CTajleii, 3aMEHUB UX
boJiee pacIIpOCTpaHEHHBIMU W ICIICBBHIMUA. AKTYaJbHOM
3agadeii sIBJISIETCSl pa3paboTKa MPOCTHIX, TOCTYIHBIX,
9KOHOMUYHBIX, 9KOJOTMYECKM O€30MaCHbIX U BBICOKO-
3(OEKTUBHBIX TEXHOJOTUI MOBEPXHOCTHOTO JIETMpOBa-
HUS CTajieli C LeIblo MOJIyYeHUs 3alaHHbIX dKCIUTyaTaly-
OHHBIX CBOMCTB B KOHKPETHBIX YCIOBUSIX KCILTyaTalllH.
B cBs3u ¢ 3TUM pa3BUTHE TEXHOJIOTMI MOBEPXHOCTHOTO
JIETUPOBAHMSI CBSI3bIBAETCSI C Pa3pabOTKOM KOMOWHUPO-
BaHHBIX MpoueccoB [1]. B naHHoli cTaThe paccmaTpuBa-
eTCsl KOMOMHUPOBAHHBIN TEXHOJIOTUYECKHUI TTPOLIECC TT0-
BEPXHOCTHOTI'O JISTUPOBAHUSI KOHCTPYKIIMOHHBIX CTaJlei,
BKJIIOYAIOIIMIA JTazepHOEe U TepMoaudDY3MOHHOE JIeTH-
poBaHMe.

METOZII/IKa MMpOBEACHUA HCCIIeI0BAHMIM

JlerupoBaHuio MoaBeprajii KOHCTPYKIIMOHHYIO Cpel-
HeyrjaepoaucTyto ctaib 40, B KaueCcTBEe MOIEIbHOTO MaTe-
puasia MPUMEHSIIA apMKO-XKeJe30.

KomMOuHMpoBaHHOE MOBEPXHOCTHOE JIETHPOBAHNE CTa-
Jieil BKJIIOYAeT CJICAYIOIINE ITarlbl:

— HaHeCceHMue oOMa3KM, CoJiepxKalleil JTerupyoimnii
9JIEMEHT, BEIIeCTBa, HEOOXOAUMBIC M1 OCYILIECTBICHUS
TPAHCIIOPTHBIX PEaKIIMii 3TOTO 3JIEMEHTa K MTOBEPXHOCTHU
U3MIEUsT U OPTAaHUUYECKOTO CBSI3YIOIIETO;

— JIOKaJbHOE JIETUPOBAHUE C MCTIOJIb30BAaHUEM UM-
ITyJIBCHOTO JIA3¢PHOT'O HAarpeBa OTHACIbHBIX YIACTKOB II0-
BEPXHOCTH, Ha KOTOPBIX CITOCOOOM JIa3epHOTO OILIABIIC-
HUS U3 00Ma3Ku (GOPMUPYIOTCS 3apOABIIINA TBEPAOTO
pacTBOpa 3aMelleHUS JIETUPYIOIIUX JIEMEHTOB B XXeJie3e;

— tepMmoauddy3roHHOe JeTupoBaHUe MPU TeMIlepa-
type 900 u 750 °C B TeueHue 3 u.
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IMocyie ouncTky M 00€3XKMPUBAHUST HA TIOBEPXHOCTD
00pa3sira HaHocuIu 00Ma3Ky. OOMa3Ka COCTOsIa U3 TBEpP-
IOl 1 XKuUaKoi (as3bl. B kauecTBe TBepmoii (pa3bl mpruMe-
HSUTY TIOPOIIKY Pa3InYHbIX JIETUPYIOIIUX 3JIEMEHTOB, Ta-
kux kak Cr, Al, Mo, V, Ti. B kauecTBe xuakoit ¢dasbl
TIPUMEHSITTN OpTaHMYECKUE CBS3YIOIIME THIIA TJalTOHIaKa
unu kiest bD-2, koTopbie obecrneunBaiv yaepKaHue Co-
cTaBa TBepHOi (pa3pl BO B3BEIICHHOM COCTOSIHUM, OBI-
CTpOE BBICBIXaHHWE OOMa3KM Ha HACHIIIAeMOI TTOBEPXHO-
CTU U MOJyYeHUe paBHOMEpHoro cjiosi. KoanyecTtBo Ha-
HOCHUMOI 0OMa3KM 3aBUCEIO0 OT TUIIA U AUCIIEPCHOCTHU
MOPONIKA JIETUPYIOIIETO 2JIeMEHTa U B CPEIHEM COCTaB-
nso 30...50 mr/cm?. 11 co3maHus IOKAIbHBIX YY4aCTKOB
C BBICOKOI KOHIIEHTpAIIUE JIETUPYIOIIETO DJIEMEHTA T10-
BEPXHOCTb 00PA31I0B MOJABEPTAIU OOJYYEHUIO HA TEXHO-
JIOTUYECKOM Jiazepe MMITYJIbCHOTO AeiicTBus KBaHT-16
npu sHepruu umnyabcoB 20 IIxx. B pesynbTare Takoi
00paboTKM Ha MOBEPXHOCTU MOJTydayu JETMPOBaHHBIE
JIOKaJIbHbIE€ 30HBI AuameTpom 1,5...2,5 MM.

J7s oCcyIIeCcTBICHUS TPAHCIIOPTHBIX PEaKIINil JIeTH-
PYIOIINX 3JIEMEHTOB K ITOBEPXHOCTU 00Pa3IoB B IIPOILIeC-
ce TepMoIndPy3MOHHOTO HACKIIIEHUS B 00Ma3Ky J00aB-
s aktuBusatop xiaopua ammonus NH,Cl. TonmunHa
00Ma3Ku, coiepxKallei Jerupyoui a1eMeHT, 1...3 MM.

TepmonuddysroHHoe JierupoBaHue MOBEPXHOCTU
00pas3loB M3 apMKO-Xejie3a U ctaau 40 IIpOBOMWIIN TIPU
temrepatype 700 °C B TeueHue 3 4.

MuKpocTpyKTYphI 11 GY3MOHHBIX CI0€B MCCIea0Ba-
JIM Ha CBETOBOM MUKpockomne Axiovert 25 CA.

MukpoTtBepaocTh AU GY3UOHHBIX CI0EB U3MEPSIn
Ha MuKpoTBepaomepe [TMT-3.

Pe3ynbTaThl HCClieOBaHMIA U HX 00CYXKIEHHE

Tepmonuddy3noHHOE HACBIIIEHNE TOBEPXHOCTH CTa-
JIel MeTaJlaMM M3 00Ma3Ku (MeTaJUTM3aIusl) TTO3BOJISICT
CPaBHUTEJIBHO MPOCTO IOJy4YaTh MHOTOKOMITOHCHTHBIE
MOKPBITUS Ha pabOYMX YacTsX AeTalei.

OCHOBHBIMU HeOOCTaTKaMU M3BECTHBIX METOIOB Me-
TaJUTU3alUU SBASIOTCS: 00JbIasl NJIUTETbHOCTb MPOLIeC-
ca, BBICOKME TeMIepaTypbl U HEOOJbIIAs TOMIIWHA TUd-
¢dy3noHHOTO ciod B npeaenax 50...70 MKM, TIpu 3TOM
KOHIICHTPALIMS JIETUPYIOIIETO 3JIeMEHTa Pe3KO CHIXKAeT-
¢S OT TIOBEPXHOCTH B INIyOb MOKpbITUSA [2]. CremyeT Tak-
K€ OTMETUTh, YTO MPU BBICOKMX TeMIlepaTypax Harpena
CKOPOCTU XUMMUYECKMX peakiuii u auddy3un Bo3pacra-
10T, IPU 3TOM PACTET 3€PHO aAYCTEHUTA, YTO MPUBOAUT K
CHMKCHHMIO MEXaHWYEeCKMX CBOMCTB cTaiu U medop-
Maluu U3AEINN.

C uesblo yBeJIMYEHUSI TOJIIMHBI TUGOY3MOHHOTO
CJ1051, COKpAIIEHMSI NTUTEIbHOCTU U CHYKEHUS TeMIlepa-
TYphI Mpoliecca MeTALIM3ALMKU TpeaaraeTcsl MpoBOIUTh
KOMOVMHUPOBAHHYI0 00pabOTKY, 3aKJIIOYAIOIIYIOCS B JIO-
KaJbHOM JIa3¢PHOM JISTUPOBAHUU U MOCIICAYIOIIEM Tep-

Mo Hy3nOHHOM HaCHIIIEHU U TMMOBEPXHOCTHU
JICTUPYIOIINM 3JIEMEHTOM M3 IIIUKEepHOI oomaszku. Ta-
Kasi 00paboTKa TMO3BOJISIET HE TOJBKO YBEJIMUUTH TOJIIN-
HY 1U(GY3UOHHOTO CI0s1, HO U, B OTIMYME OT JIOKAIbHO-
ro J1a3epHOro JerMpoBaHUS, TMOJYYUTh paBHOMEPHOE
pacnpeneaeHre CBOMCTB 10 BCE MOBEPXHOCTU U3IEINS.
B mporuiecce nmpeaBapuTeIbHOTO MOBEPXHOCTHOTO JIO-
KaJIbHOTO JIETUPOBAaHUS TPY Ja3epHOM HarpeBe oopasy-
JOTCSI JISTUPOBAHHBIE YIACTKU C BHICOKOM KOHIIEHTPAIIM -
el JIETMpPYIOIIEero 3jeMeHTa, KOTOphIe Ha 3Tare TepMo-
¢ Gy3MOHHOTO HACHIIIEHUs B MpoIecce HarpeBa M
BBIIEPKKU CTAHOBSITCS TOIOJHUTCIBHBIMIA UCTOUYHUKA-
MU JIeTUPYIOIIUX 3JeMeHTOoB. [Ipu atom auddysus
JIETUPYIOIIETO 2JIEeMEHTa MIET KaK C MOBEPXHOCTU, TaK U
M3 30H JIA3€PHOTO JIETUPOBAHMSI.
bnaromapst mpenBapuTeIbHOMY Jla3epHOMY JISTUPOBA-
HUIO TIpoliecc TepMoanhGy3MOHHOTO HACHIILIEHUST MOXK-
HO MPOBOAUTH MPU OOJIee HU3KUX TeMIlepaTypax U MEHb-
el JIUTETbHOCTU. DTO CBA3aHO C TeM, UYTO nudby3ust
JIETUPYIOIIETO 2JIEMEHTA B IMOJC/ION UIET HEe TOJbKO U3
00Ma3KM ¢ MOBEPXHOCTH, HO U M3 30HBI JIa3¢PHOTO JICTH-
pOBaHUS C BBICOKOM KOHIIEHTpALMEl JIETUPYIOLIETO BJIe-
MeHTa. B pesynbrare obpasyercss nudy3MOoHHBINH Cloi
OoJbllIeli TOJIIMHBI U ¢ 0oJiee MeJKUM 3epHOM. Kpome
TOTO, TIPU HarpeBe yCTpaHseTCs IJIaBHBIM HEJ0CTATOK Jia-
3€pHOI 00pabOTKU — CHUMAIOTCSI BHYTPEHHUE HaIpsi-
KCHUSI, BO3HUKIINE B 30HC TEPMHUICCKOTO BIUSTHUS
MeXJy 30HOI pacriaBa U OCHOBHBIM MeTajuioM [3].
HccnenoBaHusi MUKPOCTPYKTYPBI apMKO-Xeje3a U
cranu 40, MOABEPTHYTHIX KJIACCUUECKOW MeTaJlTu3allnu,
noxkasanu, 4to ¢popMupyoomuniica aubhy3noHHbBIN ClIoM
PaBHOMEPHBII 1 UMeeT TOIIIMHY OT 40 MKM IJIs1 XpoMa 1
amoMuHus, 10 60 MKM — 1T MoanbaeHa (puc. 1 u 3).
HccnenoBanust nuddy3MOHHOTO CI0SI HA apMKO-XKe-
JIe3e TIoCIIe J1Ja3epHOro U TepMoanhGy3MOHHOTO HaCHIIIIe-
HUSI XPOMOM MOKa3aJiu, YTO TOJIIIMHA CJIOSI COCTaBIsIeT

Puc. 1. MuKpoCTpYKTYpa apMKo-Keje3a mnocje tepmoauddysn-
OHHOTO JiernpoBanus xpoMom npu Temmeparype 700 °C B TeueHue
3 4 (x100)
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6)

Puc. 2. MEKpPOCTpYKTypa apMKO-2KeJjie3a mocJje Jia3epHoro u Tep-
Mo dy3uonHoro Jeruposanus npu remmnepatype 700 °C B Teue-
Hue 3 4:

a — XpOMOM; 6 — allfoMuHKeM; ¢ — MooaeHoM (x100)

130...150 Mxm (puc. 2, a), amomuHuem — 120...140 Mxm
(puc. 2, 6), a momubmaeHoMm — 150...180 Mmxm (puc. 2, 8).

HccnenoBaHust MUKPOCTPYKTYPbl AUDDY3MOHHOTO
cios Ha ctayu 40 Trocrie Ja3epHoro 1 TepMoandhy3noH-
HOT'O JIeTUPOBAHUS XPOMOM IOKa3ajiu, YTO TOJIIIMHA
mnddy3nonHoro ciosg yBenmunuBaercsa 10 120...140 Mxm
(puc. 4).

AHanuM3 pe3yJbTaTOB MPOBEACHHBIX NCCICIOBAHMIA TT0-
Kazajl, 4YTO C YBEJIMUECHUEM COMEPXKaHUS YIJIepona B CTalu
IUdOyY3ns Terupyoimx 3JIEMEHTOB Ipu TepMoanddy3u-
OHHOM HACBIILIEHUH 3aMeUISIeTCs. YCTaHOBJIEHO, YTO Ha-
JINYME JIETUPYIOLIETO dJIeMEeHTa B 30HaX JIa3epPHOIO BO3-
JIECTBUSI TIO3BOJISIET YBEJTMYUTD TOJNIUHY TG dY3NOHHO-
o CJIOSl, COKpaTUTh JUIMTEJIbHOCTh W YMEHBIIUTh
TeMIiepatypy TepMoaudby3MOHHOTO HACKIIIIEHMUS.

Pe3ynbrarhl JIOpOMETPUYECKUX UCCIENOBAHUN CTaN
40, nerupoBaHHOW XPOMOM, MPEICTABJICHbI Ha puC. 5 U 6.
M3 rpacdukoB pacrnpeneiieHUsS MUKPOTBEPIOCTH IIO TOJI-

Puc. 3. Mukpoctpykrypa ctaau 40 nocie repmoaucdy3HOHHOTO
JerupoBanust xpomom npu temmeparype 700 °C B Teuenue 3 4
(x100)

IIWHE BUIHO, YTO TBEPIOCTh TUMPPY3MOHHOTO CIIOST C
MIpeABaAPUTEITLHBIM JIa3¢PHBIM JICTHPOBaHUEM W 0e3 HEro
OTJINYAaeTCs He3HAuuTelIbHO H cocTasisgerT 12000...
13000 MITa. MuxkpotBepaocTh UG Y3MOHHOTO CIOs
3HAUMTEJIBHO BBIIIE, YEM B CEPILIEBUHE U COMOCTaBUMA C

Puc. 4. MukpoctpykTypa cramu 40 nocJe jiazepHoro u repmoaud-
(ysuonnoro serupoanusi xpomom npu temnepatype 700 °C B Te-
yeHue 3 u:

a — B 30HE JIa3epHOro JITUPOBAHMS; 6 — BHE 30HBI JIA3€pPHOTO
nerupoBaHus (x100)
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Puc. 6. Pacnpenenenne MEKpOTBEPIOCTH MO ToMHe AU dy3u-
OHHOro cjiosl cramu 40 mocJie JazepHoro U TepMoauGhy3HOHHOTO
JIETHPOBAHUS XPOMOM:

I — B 30HE JIa3epHOTO JIETUPOBAHUSI; 2 — BHE 30HBI JIA3EPHOTO
JIETUPOBAHUST

TBEPAOCTHIO 3aKaJCHHOI JerupoBaHHOM cTanu. OmxHaKo
MUKPOTBEPAOCTD TIOBEPXHOCTU CYILIECTBEHHO HUXKE MUK-

potBepaoctu AU Gy3UOHHOTO CI0sl. DTO OOBICHSETCS,
IMO-BUAMMOMY, TeM, UTO Ha TOBEPXHOCTH oOpasyeTcsl He
TBEPIbII PaCTBOP XpOMa B KeJIE3€, a TBEPAbIA paCTBOP XKe-
Jie3a B XpoMe ¢ 00beMHO-IIEHTPUPOBAHHOM KyOMUecKoit
peuetkoii ¢ TBepaocThio 5000...7000 MIla [2].

BoiBoabl

1. PazpaboraHa HoBasi TeXHOJOTHUSI KOMOMHUPOBaH-
HOTO TIOBEPXHOCTHOTO YIIPOYHEHMST KOHCTPYKIIMOHHBIX
cTajieii, 3aKJIIoyalolasicsl B JIOKAJIbHOM JIa36pPHOM U T10-
caemyioneM TepMoaudy3nOHHOM JISTUPOBAHUU.

2. KoMOMHUpOBaHHAsA TEXHOJOIUs JIa3€pHOIO U Tep-
Mo Gy3MOHHOTO JICTUPOBAHUS TTO3BOJISICT YBEINIUTD
TOMIMHY A1 dY3MOHHOTO cJiost B 2—2,5 pa3a 1Mo cpaBHe-
HUIO ¢ KJIACCUIECKOM MeTa/m3anneii. TommHa cros Ha
cranu 40 coctapnsier 120...140 MKM, Ha apMKO-3KeJe3e —
120...180 MKM. YBennueHre TOMIUHBI TU(PPY3MOHHOTO
CJI0sI IOCTUTAETCs 3a c4eT Juddy3nn Jerupyolero aJje-
MEHTa KaK C TIOBEpXHOCTH, TaK U M3 30HBI JJa3epHOTO JIe-
TMPOBaHUSsI, KOTOpas SIBJISIETCST JOTIOJTHUTETbHBIM UCTOY -
HUKOM JICTUPYIOIIETO 3JeMEHTA.

3. Braromaps mpenBapuTeIbHOMY JIa36PHOMY JIETHPO-
BaHUIO Ipolecc TepMOAUDDY3MOHHOTO HACHIIICHUS
MOXHO TPOBOAUTH MpU 00Jiee HU3KUX TeMIlepaTypax u
MEHBIIICH TINTEILHOCTH, TIPU 3TOM (hOPMUPYETCS paB-
HOMEPHO YIIPOYHEHHBII CJIOM 110 MOBEPXHOCTHU, B CEP/I-
LIEBUHE COXPAHSIETCS MEIKO3EPHUCTAsI CTPYKTYpa U CHU-
MaloTCsl BHYTPEHHME HAMpPSDKeHUS, BOSHUKIIINE MTOCIIe
JIa3epHOIT 00pabOTKM MeXIy 30HOI pacIuiaBa U OCHOB-
HBIM METaJLJIOM.

BUBJIMOTPA®NYECKU CITUCOK

1. Yymuaa O.B. KomOuHMpOBaHHBIE METOABI TTOBEPXHOCT-
HOTO YIIPOYHEHUs CTajeil C MpUMEeHEeHUEM JIa3epHOTO Harpena:
Teopust u TexHosiorus. M.: MAJIU (I'TY), 2003. 248 c.

2. JlJaxtun 10.M., Ap3amacoB b.H. Xumuko-tepmuyeckas
obpaboTka MetaioB. M.: Metauryprus, 1985. 256 c.

3. Peikamun H.H., YrioB A.A., 3yes .B., Kokopa A.H. Jla-
3epHas W JIEKTPOHHO-JTydeBasi 00paboTka MaTepuasioB: CIpa-
BouHHMK. M.: MammHocrpoeHue, 1985. 496 c.
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HORYMEHTBL

HOPMATHEBEHO

VK 001.4:538.56.08:006.354

XHUMECKHUE

N3mepennst napaMeTpoB M XapaKTE€PHCTHK JIA3EPHOTO H3JIydeHHS
I'OCT 24453—80

Hacrogiuuii ctaHaapT ycraHaBIWBaeT MpPUMEHsIeMble
B HayKe, TEXHUKE U MPOM3BOJCTBE TEPMUHBI U OIpeaesie-
HUSI OCHOBHBIX TOHSITUI U OYKBEHHbIE 0O003HAUYEHMUST Be-
JIMYUH B 00J1aCTU U3MEPEHUI TTapaMeTpOB U XapaKTe-
PUCTHUK JIA3€pPHOTO U3JyYEHUS.

TepMuHbI 1 OYyKBeHHBIE 0003HAYEHUS BEJIUUMH, YCTa-
HOBJIEHHBIE HACTOSILIMM CTaHAAPTOM, O0sI3aTebHbI IS
MPUMEHEHMUS B JOKYMEHTALlMM BCEX BUAOB, HAYYHO-TEX~
HUYECKOU, yueOHOI M CIpaBOYHOM JIMTEpaType.

JIUTsl KaxKI0ro TIOHSATUSI YCTAaHOBJIEH OMH CTaHAApTU-
30BaHHbIA TepMUH. [IpyuMeHeHue TepMUHOB-CUMBOJIOB
CTaHIapTU30BAaHHOTO TepMUHA 3arpelaercs. Hemgomyc-
TUMbI€ K TPUMEHEHUIO TEPMUHbBI-CUHOHWUMbI [TPUBEICHbI
B CTaHAapTe B KayeCTBE CIPAaBOUYHBLIX U 00O3HaAuUeHBI
"Hpom".

JI71st OTHEeTBbHBIX CTAHIAPTU30BAHHBIX TEPMUHOB B Ka-
YECTBE CIPABOYHBIX IIPUBEAEHBI UX KpaTKue (POpMBbI, KO-
TOpbIE pa3peliaeTcss IPUMEHSITh B ClIydasix, MCKIII0Yalo-
IIMX BO3MOXHOCTb MX Pa3IMIHOrO TOJKOBaHUS. YcTa-
HOBJICHHBIC OIIpeIeSICHUS MOXHO, IIPY HEOOXOIUMOCTH,
U3MEHSTH 10 (pOpMe U3I0XKEHUsI, He AOIyCKas Hapy-
LIEHMS TPaHUL] IIOHSATHUIA.

B ciydasix, korga cyliecTBeHHbIE TTPU3HAKKU TTOHSITHS
cozmep:xarcs B OyKBaJJbHOM 3HaUCHUM TEPMUHA, OIpeIe-
JIEHWE He TIPUBEICHO U COOTBETCTBEHHO B Tpade "Ompe-
neJieHue" TToCTaBIeH MpoYepK.

1151 OTAeIbHBIX BEJIMYMH YCTAaHOBJICHBI IBa OYKBEH-
HbIX 0003HaueHus1. Obo3HaYeHre, YKa3aHHOe B CKOOKaXx,
IBJIgeTCS 3amacHbBIM. HacTosmmit ctanmapt clieayeT mpu-

Tepmun

BykBeHHOe 0003HaUeHUE

OmnpeneneHue

OCHOBHBIE ITAPAMETPBI I XAPAKTEPMICTUKHU JIABEPHOTO N3JIYYEHUA

OHepreTHYecKHe NapaMeTPsl U XapAKTEPUCTHKH JTA3€PHOTO H3TydeHHs

ek
DHeprust UMITyJIbca U3TydeHUsI

1. DHeprus Ja3epHOro H3Ty4eHUs w —
.

DHeprust U3MydeHUst

2. DHeprusi UMITYJIbCA JA3ePHOTO U3JIydeHus. w, —

3. MomHOCTb JIa3epPHOTO U3TyYeHHs!

*
MoiHocTh U3JTy4YCHUA

o
4. I110THOCTD MOLITHOCTH JIA3€PHOro U3J1y4YeHUs

I1710THOCTH MOIITHOCTU

5. CnekTpajbHas IJIOTHOCTb SHEPrUH (MOIIHOCTH)
*
JIa3ePHOrO M3JTy4eHust

CrnexTpajbHasi IJIOTHOCTb 9HEPruu (MOLIHOCTH)
CII13 (CIIM)

P, P,

W —

v

6. CpenHsisi MOIHOCTB JIA3€PHOTO H3JTyYeHHsI

CpenHsist MOIIIHOCTh

cp

CpenHee 3HaueHUE MOIIHOCTM HEU3MEHHOIO He-
MPEPHIBHOTO WM UMITYJIbCHO-MOAYJIMPOBAHHOTO
JIa3epHOTO U3JTyYeHMS 3a 3alaHHbII MHTEPBAJI Bpe-
MEHHU
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HOPMATHUBHO-TEXHUYECKHNE OHOKYMEHTBI

IIpodoaxcenue maba.

Tepmun

BykBeHHOe 0003HaUEeHE

OmnpeneneHue

7. OTHOCHTEIbHAS HECTAOUIBHOCTH MOIIHOCTH
HENPEPHIBHOTO JIA3€PHOT0 H3TyYeHH ST

OTtHOCHUTEeIbHAsI HeCTAOUIBHOCTD MOIITHOCTHU

OTHOCUTEILHOE Cp€aHEE KBaApaTUYECCKOC OTKIIO-
HEHNE MOIIHOCTU HEIIPEPBIBHOI'O JIA3CPHOI'O U3J1y-
YEHMs OT €€ CPEAHETO 3HAYCHU A 3a Ol'lpeﬂ,enel—ll—lblﬁ
WHTEPBaJl BPEMCHU U3MEPECHUA

HMITYJIbCA JIA3ePHOTO H3JTyYeHHS

OTHOCUTENIbHASI HECTAOMIIBHOCTD SHEPruun

8. CpeaHsisi MOIIHOCTh UMITYJIbCA JIA3€PHOTO P _
W u, cp

U3JTyYeHust

CpeiHsisi MOLITHOCTb UMITYJTbCa

9. MakcumMajibHasi MOIHOCTb MMITYJIbCA JIA3€PHOTO P _

e U, max
H3JIyYeHust
MaxkcuMasbHasi MOIIIHOCTb UMITYJIbCa
.

10. ®opma umMmyJibca Ja3epHOro U3aydyeHust _ _

dopma ummyiabsca

11. OTHOCHUTE/IbHAS HECTAOMIBHOCTh MAKCUMAJIBHOI G porm OTHOILIEHNE CPETHETO KBAAPATUUECKOTIO OTKJIOHE-

MOIIHOCTH UMITYJIbCHOTO JIA3€PHOTO M3JTyYeHHsI HUSI MAKCUMaJIbHOM MOLIHOCTH CEPUU UMITYJIbCOB

. JIa3epPHOTO U3JIYYeHUSI K CPeHEMY 3HAaUeHUIO MaK-

OTHOCHTENIbHAST HECTAOMIBHOCTh MaKCUMATbHOM . .
CHMAaJIbHOW MOILIHOCTU 3a ONpEeAEIeHHbI UHTEeP-

MOIIIHOCTH
BaJl BpeMEHU

[Tpumeuanue. JlaHHbIE TEPMUH U OMpe-

JieJIeHre creyeT MPUMEHSTD Ul MHTepBajia Bpe-
MEHU MHOTO OOJIBLIETO TIepro/a CaeI0BaHUs
CepuU UMITYJIbCOB WJIM BPEMEHHM CIICTOBAHUS TSI
HETIePUOINIHON CepUr UMITYJIbCOB

12. OTHOCHUTE/IbHAS HECTAOMIIBHOCTD 3HEPTHH ow OTHOIIIEHUE CPETHErO KBATPATIIECKOTO OTKIIOHE -

HUSI DHEPTUM UMITYJIbCA JIA3EPHOTO U3JIydeHUsT B
CepUU UMITYJIbCOB K CPeIHEMY 3HAUCHUIO SHEPTUU
3a OMpe/Ie/IeHHbI MHTePBaJl BpeMEHU

CrnekTpaJibHble nap:

aMeTpbl U XapAKTEePUCTHKH JIA3EPHOrO M3JIyJeHust

upuHa TuHUK

13. JInHa BOJIHBI JIA3€PHOTO M3Ty4eHHs] A CpenHsisi JuIMHA BOJIHBI CIIEKTPa J1a3epHOro U3iy-
YeHMsl B Mpejeiax MHTepBajia JIMH BOJH JIMHUU
CITOHTAHHOTO U3JTyYeHUsI

14. Yacrora KosiedoaHuit v CpenHsist yacToTa CreKTpa Ja3epHOro U3JyuyeHus B
npesiesiax MHTepBajia YacToT JIMHUU CITIOHTAHHOTO
W3ITyYeHUSI

15. IlInpuna orudaroieii CEKTPa J1a3epHOro Bdvoc Paccrostnue Mexnay abcumccaMy TOYEK JIMHUU,

U3JTydeHus1 5 orubarollei crekTpa Ja3epHoro u3JIydeHusl, COOT-

Lo.c o

BETCTBYIOLIMX 3aJaHHOMY YPOBHIO CIIEKTPaJbHOM
TJIOTHOCTH MOIIHOCTH JIA3€PHOTO M3JTyYeHUST

16. IlTupuna CeKTPaTLHOIl THHHH 123PHOTO d, PaccTosiHMe MexXIy aOCcLUccaMy TOUEK KOHTYpa

H3JTyenns 5 CIEKTpPaJIbHOI JMHUHU JIA3¢PHOTO U3JIY4eHUsI, CO-

A

OTBETCTBYIOILIMX ITOJIOBUHE NHTEHCUBHOCTHU JIMHUN
B MaKCUMyM€
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HOPMATHUBHO-TEXHUYECKHNE OHOKYMEHTBI

IIpodonycenue maba.

Tepmun BykBenHOe 0003HaUECHNE OmnpeneneHne
17. Crenenb MOHOXPOMATHYHOCTH JIA3E€PHOTO H3JIyde- S OTHollIEHME IUPUHBI OrUbalolleil criekTpa jJa3ep-
HUS 5 HOT'O M3JIyYeHMsI K YCPeIHEHHOM MO CIEeKTPY Yac-
v/v

CrerneHb MOHOXPOMATHYHOCTH TOTE WIM JJIMHE BOJIHBI JIA3€pPHOTO M3JIyYeHUs B
JAHHBII MOMEHT BpeMeHU

18. OTHOCHUTE/IbHASI HECTAOMIIBHOCTD YaCTOTHI JIa3ep- S, OTHOILIEHNE CPETHETO KBAAPATUUECKOTO OTKJIOHE-

HOTO M3JTy4eHHUst HMSI YacCTOThI JIa3epPHOTO M3JIYYEHUS] K CpeaHEeMY

OTHOCHTEMbHAS HECTAGHIBHOCTD YACTOTHI 3HAUEHMIO YAaCTOThI 3a ONpEIeJCHHbIA MHTEpBa
BpEMEHU

19. OTHOCHUTEIbHASI HECTAOMILHOCTD JTMHBI BOJIHBI M OTHOIIEHNE CPETHETO KBaIPaTUIECKOTO OTKIIOHE-

JIa3ePHOTO M3JIyJeHHust HUS JJIMHBI BOJIHBI JIA3€PHOTO U3JTyUeHUsT K Cpell-

OTHOCHUTEIbHASI HECTAOMIBHOCTD [UTMHBI BOJHBI HEMY SHAICHHIO JUIMHBL BOJIHBI 32 OTPEICTCHHBIN
MHTEpBaJl BpeMEHU

20. Bocnipou3BoaUMOCTDb YACTOTHI (JITMHBI BOJIHBI) Gy, Oy, CpemHee KBaapaTUYECKOE OTKJIOHEHHWE CPEIHUX

JIA3€PHOro U3JTy4eHUusa

BOCHpOM?;BOﬂ.MMOCTb 4aCTOTbI

3HAYEHUI PAa3HOCTHOM YacTOTHI (IUIMHBI BOJIHBI) 32
OTIpeNie/ICHHBI MHTEPBAJl BPEMEHU OJHOTO WIIU
HECKOJIbKUX JIA3¢POB OJHOTO TUTIA TPU MHOTOKPAT-
HBIX BKITFOUCHMSIX M BBIKJIIOUCHUSIX JTa3epa

HpOCTpaHCTBeHHO-BpeMeHHble napaMeTpbl 1 XapaKTEPUCTUKHU JIA3EPHOI0 U3TyYCHUA

21. InarpaMMa HanpaBJeHHOCTH JIA3ePHOTO U3TyYeHus

HI/IanaMMa HalpaBJI€HHOCTU

Yriosoe pacnpeacsi€eHue SHEPIruM Uik MOIIHOCTH
JIa3€PHOTIO U3TYyYEHUA

22. Och muarpamMMbl HATIPABJIEHHOCTH JIA3€PHOTO
U3JTyYeHust

Ocb JuarpaMMbl HaITpaBJI€HHOCTHU

[psimast, nmpoxosilasi yepe3 MaKCUMyM YIJIOBOTO
pacrpeesieHu sl SHEPTUU WIK MOLITHOCTH JIa3epHO-
IO U3JTy4eHUsI

23. HecTaOMILHOCTb OCH AMATPAMMbI HANIPABJIEHHOCTH Y CpenHee KBaJpaTUUECKOe OTKJIOHEHHE OCU Jlra-

JIa3epPHOT0 H3JTyYeHHs rpaMMBbI HAIPaBJICHHOCTH OT €€ CPEIHETO MOJI0XKe-

HecTabUIbHOCTb OCH AMArpaMMBbl HATIPABICHHOCTH HIA 32 OTIPENC/ICHHBIN MHTCPBATT BpEMCHI

24. JlaibHssi 30HA JIA3€PHOTO M3JTy4eHHs — O6s1acTh TPOCTPAHCTBA BIOJIb OCH JIA3€PHOTO My4-

JlATbHSIST 30Ha Ka, pacroyioKeHHast Ha TAKOM PACCTOSTHUM OT M3-
Jrydaresis 1azepa, HauMHasi ¢ KOTOPOTo AuarpaMmma
HarnpaBJIeHHOCTH JIA3ePHOTO M3JIyYEHMs] OCTACTCs
TIOCTOIHHOM

25. lnaMeTp my4Ka Jia3epHOro U3JIydeHust d JlnameTp MomnepeyHoro ce4eHusl my4yka Ja3epHoro

JlnameTp mydKa M3JIyYeHUsI, BHYTPU KOTOPOTO MPOXOIUT 3aJaHHask
JIOJISl QHEPTUM WJIM MOIIHOCTH JIa3epHOTO W3JTy-
YeHUsI

26. CeyeHue my4Ka J1a3epHOTO H3JTydeHUs s [Mnowmanb chepuyeckoii MOBEPXHOCTH C panuy-

Ceuenme myuka COM-BEKTOPOM B JIajIbHEl 30HE U KOHTYPOM, COOT-
BETCTBYIOLIMM M303HEPTeTUYECKOM auarpaMmMe mo
3aJaHHOMY YPOBHIO

27. PacxoaMMocCTb JIa3ePHOTO U3JIy4eHHst Op [T10CKWit MK TeIECHBII yroJl, XapaKTepu3yroLuit

PacxoIMMOCTb oy HIMPUHY JAMArpaMMbl HAMPaBICHHOCTU JIa3epPHOTO

U3JTy4eHUs B JajbHEl 30He 0 3alaHHOMY YPOBHIO
YIJIOBOTO pacrpeieIeHUs1 DHEPTUW UM MOIIIHOCTH
JIA3epHOTrO M3JIyYEHUs], ONPEAeIsIeMOMY 10 OTHO-
LIEHUIO K €r0 MAKCUMaJIbHOMY 3HAUEHUIO
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HOPMATHUBHO-TEXHUYECKHNE OHOKYMEHTBI

IIpodonycenue maba.

U3JTyYeHust

JnurenbHOCTb hPOHTA UMITYJTbCA

Tepmun BykBeHHOe 0003HaUYEeHUE OrnpeneneHue
28. DHepreTHYeCcKasi PACXOAUMOCTD JIa3ePHOT0 O, p [110ocknii UM TeaecHbI yroji, BHYTPU KOTOPOTO
U3JTyYeHust 0 pacrnpocTpaHsieTcsl 3alaHHasi 0l SHEPTrUuu WIK
W, S

DHepreTHyecKas pacXoIuMOCTh MOILHOCTH JTA3CPHOTO M3JyICHHS

29. OTHOCHTENIbHOE pacnpeeeHne IIOTHOCTH - PacrnipeneneHue njaioTHOCTH 3HEPTUU (MOLHOCTH)

3HepruM (MOUIHOCTH) JIA3ePHOTO M3JIyYeHHst M3JIyYeHMS TT0 CEUEHUIO JIa3ePHOTO MyYKa, HOPMU--

OTHOCHUTEJIBHOE PacTpeie/ieHIe TNIOTHOCTH SHePruy POBAHHOE OTHOCUTEJILHO MAaKCMMATIBLHOTO 3HAYC-

(MorocTi) OPTID (OPTIM) HUSI TIJIOTHOCTU 9HEPTUU (MOLHOCTH)

30. YacToTa cjieioBaHUs HMITYJIbCOB JIA3€PHOTO F, OTHOILLIEHME YUCIIa UMITYJILCOB JIa3epPHOTO U3JTyye-

UBJTy4eHus HUSI K eIMHUYHOMY MHTEpBaly BpeMEHU HaOJII0-

YacToTa ciIe10BaHusI ACHIA

31. CKBaXKHOCTb HMITYJIbCOB JIA3€PHOTO U3JIyYEHHUsI q OTHollIEHUE TIepUOo/Ia CIIeI0BAHUS UMITYJIbCOB Jia-

CKBAXKHOCT 3epHOTO0 U3JTyYSHUS K ITUTEIbHOCTH UMITYJIbCa Jia-
3epHOTO U3ITYYCHHUSI

.

32. JMTeabHOCTh UMITYJIbCA JIA3€PHOTO H3JTyYeHUs Ty —

JITUTeIbHOCTh UMITYJIbCA

33. O000mIeHHAS AIMTETbHOCTH UMITYJILCA JIA3€PHOTO Ty o6 —

*% ’

u3IyqeHust MpuMmevanue. ECIu LINTEIBHOCTD UM-

0O060011eHHAs ITUTETbHOCTh UMITYJTbCa yJIbCa JIA3ePHOTO M3JTyYeHUSs OTpeessieTcss hHa-
4e, TO CJIEAyeT MPUMEHSTh WHOW TePMUH, HAIIPU-
Mep: "sHepreTuyeckas UIMTEIbHOCTh HMITYJIbCa
JIA3epHOTO M3JIy4eHUs" — UIMTETbHOCTh SKBUBA-
JIEHTHOTO UMITYJIbCa MPSIMOYTOJIbHOM (hOPMBI, paB-
HOTO 10 9HEPTUU WIK MaKCUMaIbHOW MOLITHOCTH

34. lauteabHOCTh (hPOHTA UMITYIBCA JIA3EPHOTO g WHrepBas BpeMeHHU, B TeUYEHUE KOTOPOTO MOIII-

HOCTb JIa3ePHOTO U3JTyYeHUsI HapacTaeT B Ipe/eax
yposHeii 0,1—0,9 MakcuManbHOTO 3HAYEHUST

35. JIaMTeabHOCTH Cpe3a UMITYJIbCA JIa3ePHOTO
H3JIy4eHus1

JUTeIbHOCTD Cpe3a UMITyJIbca

WHTepBan BpeMeHU, B T€YEHHE KOTOPOIO MOII-
HOCTb JIA3ePHOTO M3JYYEHHUsl CIafgaeT B Ipeaeax
ypoBHeii 0,9—0,1 MakCUMaTbHOTO 3HAYEHUS

HapaMe’rpbl KOr€peHTHOCTH J1a3€PHOro U3ay4yeHus1

HOCTH

36. CreneHb NPOCTPAHCTBEHHO-BPEMEHHOM KOTePEHT-

[y1,2 (0l

Monynb KOMIUIEKCHOM CTeNeHU MPOCTPAHCTBEH-
HO-BPEMEHHOI KOTePEHTHOCTU NMPpY (PUKCUPOBAH-
HBIX KOOPIMHATaxX TOYEK B IIPOCTPAHCTBE U BpeMe-
HU, paBHbINA

Iy (0] 2]

1,20T)1= )
JT1(0)-{T(0)

e 0 <[y(0)| < 5

I'}5(t) — dyHKIMS B3aUMHOI KOTE€PEHTHOCTH;;

I'1,(0), T'5,(0) — dyHKLIMS B3aUMHOI KOTEPEHTHO-
CTH JIJIs1 TOYEK ITPOCTPAHCTBA C PaIuyCaMU-BEKTO-

paMu ¥ 1 ) COOTBETCTBEHHO IPU T = 0
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HOPMATHUBHO-TEXHUYECKHNE OHOKYMEHTBI

OxoHuaHnue maén.

Tepmun

BykseHHOe 0003HaUEHME

OmnpeneneHne

.
37. CreneHb NpoCTPAHCTBEHHOI KOT€PEHTHOCTH

| Y12(0)| -

ITpumeudanue. Momyinb KOMIUIEKCHO CTe-
MEeHU  TMPOCTPAHCTBEHHO KOTE€pPEeHTHOCTU ISt
(UKCUPOBAHHOTO MOMEHTA BPEMEHHU OIpe.eIsieT-
cs1 o hopMmyJie

[,(0)

O)=| —T2® |
MO =) T

rae [',(0) — dyHKUMS MPOCTPAaHCTBEHHOH Kore-
PEHTHOCTU

5

*
38. CreneHb BpeMeHHOIi KOrepPEeHTHOCTH

ty11 (o)l -

IIpumeuyanue. Moayiab KOMIUIEKCHOI CTe-
MEeHW BPEMEHHOW KOT€PeHTHOCTH JJIsI (DUKCUPO-
BaHHOW TOYKM MPOCTPAHCTBA OMpENEsIeTCs] 0
dopmyite

()

yn(ol= |
T T (0) - Ta(0)

rae 'y (1) — GyHKUMS B3aMMHON KOT€peHTHOCTU
U1 TOYKU IPOCTPAHCTBA C PaAMyCOM-BEKTOPOM 7

5

«
39. Bpems KorepeHTHOCTH

*
40. JImnHa KOrepeHTHOCTH

41. Paaquyc npocTpaHCTBEHHO! KOTePEeHTHOCTH

MuHHUMaIbHOE PACCTOSIHUE MEXY ABYMSI TOUKAMU
JIa3ePHOTO My4yKa B ONpPEAEICHHOM HampaBIeHUU,
JUISI KOTOPOTO CTEereHb MPOCTPAHCTBEHHOM Kore-
PEHTHOCTH MPUHKUMAET 3HaYeHue, paBHoe 0,5

42. IIpocTpaHCTBEHHO-YIJIOBOE pacCNpeiesieHne
paauyca npocTPAHCTBEHHO KOTePEeHTHOCTH

R.(r, ©®)

DyHKIIMS, 3anaK01asi 3HAYCHMSI PAJYCOB TIPO-
CTPaHCTBEHHOU KOTePEHTHOCTH ISl Pa3TUUHbIX
TOJISIPHBIX YIJIOB ® M MPOCTPAHCTBEHHBIX KOOPAM-
HAaT r JIA3ePHOTO MyYKa

MeHaTh coBmectHo ¢ TOCT 7601-78, TOCT 2377878,
I'OCT 24286—80, T'OCT 15093—75 u 'OCT 16263—70.

TepMmuHBI 1 ompeneIcHNSI, OTMECUCHHBIC 3BE3I0UYKOM,
COOTBETCTBYIOT TePMUHAM M OINpeAeeHUsIM (du3nue-
ckoit ontuku mo I'OCT 7601—-78; B HeOOXOZUMBIX
CIyJasix cjoBa "ONTHYECKOe M3IydeHUe" 3aMeHEHBI CI0-
BaMHM "Ja3zepHoe M3aydeHue"; 31ech CTaHAapTU30BaHHbIE
OoIpenelIeHNs ONMYyIIeHB B BMECTO HHMX ITOCTaBJICHEI
MIPOYCPKM.

TepMUHBI U ONpeAeEHNs, OTMEYEHHbBIE IBYMS 3BE3-
MOYKAMM, COOTBETCTBYIOT TEPMUHAM U OIpEAeICHUIM
nMmnyiabcHoi potoMerpun mo 'OCT 24286—80; B Hux
CJI0BO "M3NTydeHMe" 3aMEHEHO CJIOBaMM "Jla3epHOE M3IIY-
yeHue"; 3[1eCh CTAHAAPTU30BAHHBIE OMpPeneJeHUs OIy-
LIEHBl M1 BMECTO HUX MOCTaBJCHBI IPOYEPKU.

CraHgapTU30BaHHbIE TEPMUHBI HAOPaHbI ITOJIYXHUP-
HbIM IIpUGTOM, UX KpaTKas ¢opMa — CBETJIBIM, a HEO-
IyCTUMbI€ CUHOHUMbI — KYPCUBOM.
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TpebdoBaHus K aBTOpaM cTaTeil KypHajia
«YNIpPOYHSAIOIIE TEXHOJOTHH 1 MOKPHITHS»
lMnama c acriupaHmoes 3a ny6nu1<auum cmamel He 83uMaemcs.

O6beM cTaTtbu, Npegnaraemon K nydnukauum, He JOMKeH npesblwaTe 15 cTpaHuy TekcTa, HaneyaTtaHHoro
Ha G6enown Bymare (dpopmata A4) Ha ogHOM CTOPOHE NMUCTa vepe3 ABa uHTepBana, 11 — 12 kernb.

B pepakumio npenoctaBnsoTCs:

pacnedaTtaHHas pykonuck (Ha 6enown bymare (bopmarta A4) Ha OOHONM CTOPOHE NUCTa) C NMOAMMUCHI0 BCEX aB-
TOPOB 1 065A3aTENbHO ANEKTPOHHas Bepcus — hann ¢ Habopom Tekcta (wpudt Times New Roman B Microsoft
Word n PDF).

OneKkTpoHHasi Bepcusi MOXET ObITb BbicnaHa no e-mail: utp@mashin.ru.

1. O6s13aTeNbHO NPefoCTaBNATL HA PYCCKOM WM aHIMUACKOM A3blKax:

@ YK (MHpekc cTtaTbm no YHMBepcanbHOW AeCATUYHOWN Knaccudukauun);

@ hamunuun, UMeHa 1 oT4YeCcTBa aBTOPOB;

@ Ha3BaHWe cTaTby;

@ aHHOTaUMs K CTaTbe;

@ KnioYeBble CrnoB.a.

2. Hayano craTtbun JomkHO ObITb ochopmIieHO Mo criegyrollemMy obpasuy:

® OO aBTOpa (aBTOPOB);

@ MOSIHOE Ha3BaHWEe YYPEXOAEHUs, B KOTOPOM BbIMOMHANOCh NCCNeaoBaHME;

@ ropog;

@ cTpaHa (aNna MHOCTPaHHbIX aBTOPOB);

@ Ha3BaHue cTaTbMu.

Ccbinky Ha rpaHTbl Heob6xooUMO faBaTh CCbIKOW, 0603HAYEeHHON 3BE3404KON (*), Ha NepBoW CTpaHuue.

3. Ctatbs gomkHa 6biTb 0653aTENbHO CTPYKTYpUpOBaHa.
4. ®opmynbl, BykBeHHble 0603Ha4YeHNS (NPOMUCHbIE N CTPOYHbIE, NMAaTUHCKOrO U rpedYeckoro andasuToB),

LUMdpbl, 3HAKN U UX PacnonoXeHne JOMKHbI ObITb YETKMMU M pas3nmuumbiMi. Bee natuHckme Gykebl HabupatoT-
CSl KypCMBOM, PYCCKME W rpeyeckue — npsiMo.

5. Mocne Tekcta [ormkeH MATM Ombnmorpaduyeckmii CNMCoK, WUCMONb3yeMbIA MPU HanMcaHuuM CTaTtby,
KOTOpPLIN COCTaBNsAeTCA MO MOPSIAKY CCbINIOK B Tekcte M odopmnisetca B cootBeTctBum ¢ FTOCT P
7.0.5-2008 u 'OCT 7.1-2003.

6. Bce cTpaHuubl B cTaTbe AOMKHbI OblTb MPOHYMEPOBAHbI.

7. Unnioctpauun npegocTtaenstoTca B Buae otaeneHbix annos (DOC, TIFF, PDF, JPEG c pa3pelueHuem
600 dpi). Pasmep nnnioctpauun He OOMKeH NpeBbiwaTtb 186 mMm.

PucyHok gormKkeH ObITb YETKUM M MMETb MOOPUCYHOYHY noanuck. OObsCHEHNE PUCYHKOB U dhoTorpacuin B
TEeKCTe M MoAMNUCU K HAM OOSHKHbI COOTBETCTBOBATbL COAEPKAHUIO PUCYHKOB. [JaHHble Tabnuu u puCcyHKOB He
OOMKHbI AyOnMpoBaTh TEKCT.

8. Mopnucn k unnocTpaumam criegyeT NPefoCTaBnATh OTAENbHBIM CMUCKOM.

9. Obsi3aTenbHO A0MKHbI ObiTb MPUMOXEHbLI cBeAeHUs 00 aBTopax:

®UNO, yyeHasa cTeneHb 1 3BaHME (€Cnn eCTb), MeCTO paboThbl, JOMMKHOCTb, agpeca 1 TenedoHbl (qoMallHWA
n cnyxebHbi), dakc n e-mail.

Bce ctatbu, nocTynuBLuMe B pedakuunio, MPOXOAST peueH3npoBaHme. Pegakumsa octaBnseT 3a cobon npaso
coobLaTb aBTopy O pe3ynbratax peueH3npoBaHus 6e3 npegocTaBneHns peLeH3nm.

Mamepuarnbi, npucnaHHblie 8 pedakyuro, 0bpamHO He 8bIChIIaoMCS.




NMH®POPMALNA

. JUTEUHBIE ®OPMOBOYHBIE MATEPUAJIBI.
S U NNOKPBITUSA: cnpasounux

CTCPANCRMC CVICTH

R swepaen A.H. Boamun, H.U. laBbinos, C.C. JKykoBckuii 1 ap.
507 c. : ui. ISBN: 5-217-03329-0 Llena 385 p.

CIPABDSIIR

[NpuBeaeHbl PU3NKO-XUMHUYUECKHE CBOMCTBA H COCTABbI MCXOAHBIX (POPMOBOUYHBIX MaTepHa-
JIOB — KBapLEBbIX MECKOB, MNTHH U GEHTOHUTOB, CHCTEM CBA3YHOLIMX, KOMIOHEHTOB MPOTHBO-
MPUrapHbIX MOKPLITHIH. PaccMOTpeHbl TEXHOTOrMYEeCKHe CBOMCTBA cMecell M MeTOMIbl MX
ucnbiTanuif. [IpuBeieHbl cOCTaBbl CTEPHHEBBIX CMeCei, KpUTEPHH X BbIOOpaA, ONHCaHbI
COBPEMEHHbIE TEXHOJIOTHYECKHE TMPOLECChl U3roTOBIEHHA OPM U CTEPIKHEI.

[IpenHa3HayeH 1 MHKEHEPHO-TEXHHYECKUX pabOTHHKOB JIMTEHHOIO MPOM3BOACTBRA, @ TAKIKe /7S CTYAEHTOB By30B,
ofyyaloumxcs mno cneuraitbHOCTH "MaliuHbl M TEXHONOTUA JTUTEIHOTo NMpon3BoACTRa".

WALIMIOC T FDENIL

[TproOpecTH KHUTY MO LEHEe M3/1aTe/ss MOAKHO. TIPUCIIAB 3as8BKY B OTJEN MPOAAK, MAPKETHHIA U PEKIaMBI:
o noure: 107076, r. Mockpa, CrpombIHCKHI 11ep., 4: no (akcy: (499) 269-48-97; no e-mail: realiz@mashin.ru
JlonomHUTENbHY0 HH(POPMAIHIO MOXKHO MOIY4HTb 10 Teaehonam: (499) 269-66-00. 269-52-98 u na caiire WWW.MASHIN.RU

 a 4 a aQ

WH)XEHEPUSI MTOBEPXHOCTHU JIETAJIEA

A.T. Cycios, B.®@. Besbsisprunbiii, H0.B. [Tanduaos u ap. [lox pea. A.I. Cycnoga.

NHAEHEPIA
HOBEPXHOCTH 320c.:m1.  ISBN: 978-5-217-03427-7 Lena 550 p.

AETAIEN

DKOHOMHYECKas Leneco00pa3HOCTh KOMIIEKCHOTO o0ecrneyeHns KauecTa AeTallei Ha Bcex
CTaMAX MX JKU3HEHHOrO LIMK/A BbI3Baja HEOOXOAMMOCTb aHAJI0rHYHOIO MOAX0Aa M K pabounm
MOBEPXHOCTAM AeTasieii. 31ech BnepBbie KOMIMIEKCHO PACCMOTPEHO KaueCTBO MOBEPXHOCTHOIO
CNosi ietTajeii Ha BceX aTanax MX JKM3HEHHOro LMK/a (MpoeKTHpOBaHKe, TeXHOJI0rHueckas noi-
rOTOBKA MPOM3BOJICTBA, KOHTPOIIb, COOpKA, MCMbITAHUE, AMATHOCTHKA, DKCIUTyaTallls, PEMOHT,
BOCCTAHOBJICHWE W YTHIM3ALMSA), B pe3y/bTaTe uero chopMHpOBaHO yueHHe 00 MHKEHEPHH Mo~
BEPXHOCTH, 3aHMMAIOLLIEE CEeiUac OIHO M3 BEAYIUMX MECT B TEXHHKE.

JlaHHas KHura siBnsieTcsl neppoit nonbITkoi 00001EHHs YKa3aHHOTO Y4YeHHUs M ero NpUMEHeHHs B npakThke. B Hel
JIaHbI MPUMEPbI IO HHKEHEPHH MOBEPXHOCTH KOHKPETHBIX W3/IEJHIi.

JLns MH)KEHePHO-TEXHUYECKHUX PaOOTHHKOB M CMELIHAIMCTOB MPOMBILIJIEHHBIX MPEANPHATHIL, penoaasaresneii, acnu-
PaHTOB M CTYIEHTOB TEXHUYECKHX BY30B.

[TproGpecTr KHUTY MO LEHE M31aTest MOMKHO, MPHCIIAB 3asBKY B OTIEN NPOIaXK. MapKETHHIA M PEKIaMBbl:
no noure: 107076, r. Mocksa, Crpombinckuit nep.. 4: no axey: (499) 269-48-97: no e-mail: realiz@mashin.ru
JlononHutenbHY0 HHPOPMALMIO MOKHO NOMYHHTE N0 Tenedonam: (499) 269-66-00, 269-52-98 u Ha caiitre WWW.MASHIN.RU
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HHSOPMALIMHOHHOE COOBIUEHHE

MuHucTepcTBOo obpasoBaHus Pecny6onuku Benapycb, HaunonanbHasa Akapemus Hayk Benapycw,
FocypnapcTBeHHbIA KOMUTET MO Hayke u TexHonorusam Pecny6nuku Benapychb,
PecnybnukaHckun doHpa cdbyHAameHTanbHbIX uccnegoBaHui, Benopycckuini HauMoHanbHbIN
TexHu4Yeckun yHuBepcuteT, Kysbacckui rocygapcTBeHHbIN TEXHUYECKUA YHUBepCcUTeT

npoBoAaAT
I MEXXQYHAPOOHYIO HAYYHO-NMPAKTUYECKYIO KOH®EPEHUMUIO

"MHXXEHEPUA NOBEPXHOCTHOIO CNOA OETANEW MALLUMH",
NOCBSALUEHHYH
85-neTuo co gHA poxaeHna akagemuka O.B. PomaHa,
55-netunio Kacdhenpbl “lNopolikoBas MeTansnyprusi, cBapka
M TexHonorua martepuanoB” BHTY,
60-neTuto Kysbacckoro rocyaapCTBEHHOro TeEXHUYECKOro yHUBepcuTeTa

27 — 28 mas 2010 a. 2. MuHck, Pecnybnuka Benapyck

HAYYHbIE HAMPABJIEHUA KOH®EPEHLUWN:
4 KomnosunumnoHHble MaTepmans 1 NOPOLLKOBas MeTannyprus

@ CoBpeMeHHble TeHAEHLUMN PasBUTUS METOLOB (DOPMUPOBAHNMS U TpaHCGOopMaLmMM HAHOCTPYKTYPHOIO COCTOSI-
HUSI MOBEPXHOCTHOIO CIOS! M CO34aHUSi HAHOKOMMO3MLIMOHHbBIX MaLUMHOCTPOUTESIbHBIX MaTepuanos

€ HoBble MeToabl KOMOVHMPOBAHHOIO YNPOYHEHUS AeTanei MalnH U HAHECEHUST MHOrOYHKLIMOHAamNbHbIX MOo-
KpbITWiA

€ TexHonormyeckoe ynpasieHne Ka4ecTBOM M SKCMyaTalUMOHHbIMU CBOMNCTBaMM U3AENnii

2 Hepaspyu.la}ou.l,l/u?l KOHTPOJIb OTBETCTBEHHbIX M3OEenun Ha ocHoBe NPUMEeHEHNA COBPEMEHHbBIX d)VI3VI'-IeCKI/IX Me-
TOOOB U CpencTs

Appec oprkomutTeTa KOHpepeHUUn:
Pecnybnuka benapycb, 220013, 2. MuHck, np. Hezasucumocmu, 65, BHTY
Ten. (375 17) 293-95-99; ®akc (375 17) 293-93-71; E-mail:conf-bntu@tut.by

000 "UsnarensctBo MammHoctpoenne”, 107076, MockBa, CTPOMBIHCKHUI Tiep., 4.
Yupenurens OO0 "UznatensctBo MammHoCTpoeHue" .
E-mail: utp@mashin.ru.
Web-site: www.mashin.ru.
Tenedonsr penakimu xypHaia: (499) 268-40-77, 269-54-96; daxkc: (499) 268-85-26, 269-48-97.
MNu3zaitaep [lodxcusomos K.IO. TexHudeckuii penakrop Kupkuna C.A.
Koppekropsl Caxcuna JI.U., Conowruna JI.E.
Cnano B Ha6op 01.02.10 r. [Moxmucano B mevats 30.03.10 r. @opmar 60x88 1/8. bymara odcetHasi. [leuats odceTHas.
Vein. neu. 1. 5,88. Yu.-u3zn. 1. 6,35. 3aka3z 290. CBoOomgHas LieHA.
OpurnHal-MakeT W 3JeKTpOoHHas Bepcust moarotosiaeHbl B OO0 "U3znarenberBo "MaimmHocTpoeHue" .
OrneyaraHo B OO0 "IMononbckas IMepuonuka", 142110, MockoBckast 06.1., 1. [Tomonbek, yia. Kuposa, a. 15
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