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BBenenne

OpmHAM U3 yCITOBUH YIyUIICHUS, OCHOBHBIX KCIUTYyaTaIl[MOHHBIX ITApaMETPOB MAIllUH ¥ MEXaHU3MOB, TIOBbI-
IICHNS WX HA/IGKHOCTHU U JOJTOBEYHOCTH M CHIDKEHHS MaTePUATOEMKOCTH SBIISETCS IPUMEHEHHE HOBBIX KOH-
CTPYKIIMOHHBIX.MaT€pPHAJIOB'C TPEOYEMbIM KOMITJIEKCOM (PU3UKO-MEXaHMUECKUX CBOWUCTB. B pse cirydaes mpo-
Onema perraeTcs myTeM-BCHOAb30BaHHS KOMITO3UTOB, 00JIAIAafOIINX BRICOKMMH 3HAaYEHUSIMHU MPOYHOCTH, JKapo-
MIPOYHOCTH, KECTKOCTH; MIEKTPOITPOBOTHOCTH, HU3KOW TUIOTHOCTBIO U PAJIOM APYTUX, YaCTO HE COBMECTUMBIX,
MCXOJISl U3 KITACCHUYECKOTO METAJUTOBE/ICHNSI, CBOMCTB. B KadecTBe KOHCTPYKITMOHHBIX Ha METAITHYECKOW OCHO-
Be HanOoJee MEePCTIEKTUBHBIMI KOMITO3UITHOHHBIMHA MaTepHallaMy SIBIISTIOTCS AUCIIEPCHO-YIIPOUYHEHHBIE.

JucriepcHO-yITpOYHEHHBIE JKeNle3HbIe MaTepuajbl MO XapaKTePUCTHUKAM KAPOIPOYHOCTH CYIIECTBEHHO
MIPEBOCXOMAT JKAPOIPOUHbIE (PeppUTHBIC W AyCTEHWTHBIE CTANIN W Kak OoJiee JIelIeBhle MEePCIIeKTHBHBI TaKkKe
JUTST 3aMEHBI MaTepHallOB 3TOro Kiacca Ha ocHoBe HuKens [1]. Ilocmegnne HaxomsT MMPOKOE MPUMEHEHUE
B DHEPIreTUYECKNX YCTAaHOBKAX, aBUAIIMOHHOW M KOCMHUYECKOH TexHUKe. VX HCIONB3yIOT I M3TOTOBICHUS
KaMep CrOopaHHsl M JIOTTATOK Ta30BBIX TypOUH, CTA0MIN3aTOPOB IUIAMEHU U APYTHX JeTallel, SKCILTyaTHPYEMBIX
npu temmeparypax, gocruraommx 1200 °C. Ilpeamomnaraercs, 4To AUCIEPCHO-YITPOUYHEHHBIE KOMITO3UIHOH-
HBIE MaTepPHaJIbl HA OCHOBE XKeJie3a MOTYT YCIIEIIHO 3aMEHHUTh HUKEJIEBbIe MaTepHalIbl I M3TOTOBJICHHUS TshKe-
JIOHArpYyKeHHBIX JeTanel, padoratommx B uHTepBaie oT 700 °C (mpenenpHas TemMreparypa dKCIUTyaTalliH JKa-
POTIPOYHBIX aycTeHUTHBIX cTanei) no 900 °C. [lucrepcHO-yIpoYHEeHHBIE KOMITO3UITMOHHBIE MaTepHaIIbl Ha OC-
HOBE eJie3a 00NIafaf0T TakXKe YHUKAIBHBIM CBOMCTBOM — CTOWKOCTBIO ITPOTHB OXPYITYMBAHUS B YCIOBUSAX HEH-
TPOHHOTO OONYYEHHsI M MOTYT HCIOJB30BATHCS B KOHCTPYKIMSIX ATOMHBIX PEaKTOPOB, TIOBEPIKEHHBIX
WHTEHCUBHOMY paJHalliOHHOMY BO3/ICHCTBHUIO TIPW TOBBIIIEHHBIX TeMieparypax. Kpome Toro, mucmepcHoe
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YHOPOYHCHHUE IMO3BOJIACT CYHICCTBCHHO IMOBBLICUTH IMPOYHOCTL U KAPOIIPOUYHOCTDH (bexpaneﬁ U, KaK CJIC€ACTBUC,
YBEIUYUTH UX TEMIIEPATYPY IKCILTyaTalHH.

HepCHeKTHBHOﬁ SIBJIACTCA TCXHOJIOTUSA MOJYUCHHUA NUCTICPCHO-YIIPOYHCHHBIX MaT€puaioB, OCHOBaHHAA Ha
PCAKIIMOHHOM MEXaHUYCCKOM JICTUPOBAHWHU, IMIPEAINOIararouem BSaHMOﬂCﬁCTBHC MEKAY KOMIIOHCHTaMU 1 06-
pasoBaHue YIIPOUHSIOMKX (a3 Ha cTaauu 00pabOTKU MOPOIIKOBOW CMECH B MEXaHOPEAKTOPE ¥ MPH MOCIIEAYIO-
[IeM OT)KUI'e MOJTYYEHHOH IpaHyaupoBaHHOH koMmozuiuu. CHOpPMUPOBABIIMICS MPH 3TOM CyO-/MUKPOKPH-
CTAJUTUYECKUM TUII CTPYKTYpPbI OCHOBEI, ynpO‘-IHGHHOﬁ HAaHOPa3MEPHLIMU BKIIIOYCHUAMU MCXAHUYECKU CUHTE-
3MPOBAHHBIX (a3, B OONBLION Mepe HaclelyeTCs] KOMIIAKTHBIM MaTepHajoM, MOJTy4aeMbIM, Kak MIPaBUIIO, TOPs-
YMM HOPCCCOBAHUCM. Texuomorus YHUBEpCAJIbHA W TO3BOJIACT IMPOU3BOAUTL KAPOIMPOYHBIC MATCpHAJIbl Ha
OCHOBE METAJIJIOB, BKIIIOUAs U JKEJIe30, PA3JIMYHOTO (DYHKIIMOHAIBHOTO Ha3HauYeHus [2].

Lenp nanHOi paboThl — yCTaHOBJICHUE 3aKOHOMEPHOCTEH (OPMUPOBAHUS CTPYKTYpHI U (a3oBOro cocraBa
MaTepHalioB, TOTy4aeMbIX 00paOOTKON B MEXaHOPEAKTOPE JBYXKOMIIOHECHTHBIX KOMITO3UIIUH, MTEPCICKTHBHBIX
AJI1 TPpOU3BOACTBA MCXaHUYCCKU JICTUPOBAHHBIX cTaJiei.

Hcxonnbie MaTepuasbl, MPUGOPHI, 000pyI0BaHNEe H METOTUKA JCCIeT0BAHUA

Kimaccnuecknmu OJIEMCHTaMU, BXOAAIINMHA B COCTAaB KOHCTPYKITMOHHBIX JKEJIC3HBIX CIIJIaBOB, ABJISIOTCA YIJIC-
PO, XpOM, HUKEJIb, AIFOMUHUU. J{JIs1 yCTAaHOBJICHUSI MEXaHU3Ma U MPUPOJIbI MEXaHUUECKH, AKTHBUPYEMBIX (ha-
30BBIX MpEBpalIeHU Hanbosee MPUToAHbI IBOMHbBIE CUCTEMBI. B CBSA3M '€ 3TM HCCIe0BaHVE BBHIITOJHEHO HA
KOMITO3UIIHSIX, IOYYEHHBIX 00pab0TKON B MEXaHOPEAKTOPE IIMXTHI;, BTOPBIM KOMITOHEHTOM KOTOPOU SIBIISLICS
IMOPOUIOK OAHOI'0 M3 MPUBCACHHBIX BBIIIC 3JICMCHTOB. BBI60p OTUX CUCTEM O6YCHOBJ'ICH TEM, YTO OHH ABJIAIOT-
cs1 0a30BBIMH JUIA CO3daHUA OOBIION TpyInnbl MHOTOKOMITOHCHTHBIX MEXaHUYCCKU JICTUPOBAHHBIX HAHOCTPYK-
TYPHBIX KOMITO3UIIMOHHBIX TUCIIEPCHO-YITPOUHEHHBIX JKEJIE3HBIX CIUIABOB PA3NIMYHOr0 (PyHKIIMOHATBHOTO Ha-
3HAYEHUS], BKJIIOYAsI U TOPOLIKHU JUIsSl Ta30TEPMUYECKUX HOKPBITUI.

OCHOBO# MIUXTHI SBJISICS TOpoIIok sxene3a — [IXK2M2 (ITOCT 9849-74). JlerupyromumMu 100aBKaMH CITy-
JKWIJIA TTOPOIITKK TexHudeckoro yriepoaa — [IM-100 (I'OCT 7885-77), aukens — [IHK-OHT2 (I'OCT 9722-79),
amomunusa — [TA-4 ('OCT 6058-73), a Taxxke mopomiok xpoma Mapku «U». ComeprkaHue JETUPYIOMHX I10-
POIIIKOB B IBYXKOMITOHEHTHOU muxTe cocTasisuio: [IM-100-0,2%, ITHK-OHT2 — 10, ITA-4 — 3, xpoma — 13%.
Heo0xomumMo 0TMETHTb, YTO UCCIICIOBAHHBIE KOMITO3UIIMU K JBYXKOMIIOHEHTHBIM OTHOCSITCS YCIIOBHO, TaK KaK
BCE MCXOJHBIC TIOPOIIKH COJICPIKAIHN ‘B 3HAUUTECIHLHOM, KojimyecTBe TpuMecH. OCHOBHBIE M3 HUX — YIIEPO[
u Kucioposl. Tak, KOHIIEHTpaI|s MOCIeTHIX B TIOpolKe kene3a coctapnsiia 0,15 n 0,25% cooTBeTcTBEHHO.

PeakimorHOe MEXaHUYECKOE JTETHPOBAHIE. OCYIIECTRISIIOCH B DHEPTOHANPSHKCHHON BUOPOMENbHUIIE (Me-
XaHOPEAKTOpe) M0 ONTUMABHOMY-pexkuMy. OCHOBHBIE HCCIICIOBAHMUS CTPYKTYPHBIX M (Pa30BBIX MPEBpaIeHUH
MIPOBEJICHBI Ha MaTepuasax, MOJAYYCHHBIX 00pa0OTKOM MIMXTHI B TeueHHE 16 4. YCIIOBHSI MEXaHHMUYECKOTO JICTH-
poBaHus, 000pyIOBaHKE; IIPUOOPHI M METOIMKHU MCCIICIOBAHUS TPUBEICHBI B padoTe [3].

PesysibraThl Hcc/IeI0BaHUSA U UX 00CY:KIeHHE

HcxomHpli €0C¢TaB IBYXKOMITOHEHTHOW MIMXThHI HA OCHOBE JKEJIE3HOTO MOPOIIKA HE OKa3bIBACT CYIIECTBEH-
HOTO BJIMSIHUSI HA TIOCTICIOBATEIbHOCTD CTaMi (JOPMUPOBAHUS IPAHYIUPOBAHHBIX KOMITO3UIIMH U H3MEHEHHE
uX MOPQOJIOTUH TTPU MEXAHUMECKOM JIeTUpoBaHUU. [Ipy ONTHMAaIbHOM PEXHME pealn3alii TEXHOJIOTHUH 3a-
KOHOMEPHOCTH TIpOIIecea QOIIHe /Uil BCEX CHCTEM M HE 3aBHCAT OT IPUPOJbl OCHOBHOTO KOMIIOHEHTa, HO TIPO-
JIOJDKUTEIBHOCTD OTICIBHBIX 3TAIIOB 3aMETHO OTIIHYaeTcs. B mporecce 00paboTKH MOPOIIKOBBIX CMECEH B Me-
XaHOPEAKTOpe MPOUCXONUT pa3pylICHHUE YacTUI] U CBApKa OCKOJIKOB, BBI3BIBAIONINE (DOPMHPOBAHKE TPAHYJIH-
poBaHHON KOMTIO3HUINH [2—4]. [IepBEIil Ipoliece ONMpenemsaeTCs CKOPOCThHIO HAKOIUICHHUS Me(DEKTOB KPUCTAILIH-
YECKOr0 CTPOCHUS, BO3HUKAIOIIMX MPH TUIACTHYESCKOH Je(opMaliiy 4acTuil.

[NapamiensHo ¢ pa3pylIeHUEM YacTUI] UMEIOT MECTO MIPOIIECChI Q/INC3HH, arfioMepaluy 1 rpanyisiuud. [pu
yIapHOM BO3JICHCTBUY pa3MablBAIOIIUX TEJ B arlIOMEPUPOBAHHON KOMITO3UIIMHU IPOUCXOIUT CBApPKa, COMPOBO-
WAIOTIAsICS B3aUMOIUBPy3ueit 1 XUMUYECKAM B3aUMOJICHCTBHEM MEX]ly KOMIIOHEHTaMu. B pesynbraTe MHO-
TOKPATHO MOBTOPSIONIMXCS pa3pylieHUH W cBapku (GOopMHpYeTCs TpaHyIMPOBAHHAS KOMIIO3UIHS, B KOTOPOU
UCXOJTHBIE KOMITOHEHTBI HJIH MTPOJYKThI UX B3aUMOJCHUCTBHS CBS3aHBI M PABHOMEPHO pacIpe/IelICHbl MEXKIy CO-
00ii. CoOTHOIIIEHNE MEXKJYy CKOPOCTSIMH H3MEJIBUCHHS M TPAHYJSIIUU 3aBHCUT OT CYMMAapHOTO BO3JCHCTBUS
psizia B3aMMOCBSI3aHHBIX TPOIECCOB, BBIICIUTH KOJMYECTBEHHBIN BKJIA]] KAXIOTO U3 KOTOPBIX MTPAKTUYECKU He-
BO3MOJKHO.

Ha magaipaOM dTame o0paboTKH, TPOAOIKATEIEHOCTS KOTOPOTO COCTABISET 1-3 4, NCXOMHAST OCKOJIOUHAS
(hopma MOPOITKOB U3MEHSETCs Ha TutacTuHYaTyto (puc. 1). JlanpHeimas 00padoTka TPUBOAUT K U3MEIIBUCHUTO
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Puc. 1. ®opma, pa3mep U CTPYKTypa 4aCcTUI KOMIIO3UIUH «IKEIIE30 — XPOM», IIOJIBEPTrHYTOH 00paboTKe B MEXaHOPEAKTOPE B TCUCHUE
24y (a)n84(0,s,2)

Puc. 2. MUKpOCTPYKTYpa MEXaHUYECCKH JICTHPOBAHHON KOMITO3HIINH « )KEIC30,—XPOM». ¢ — CBETIIOE I0JIe; 6 — TEMHOE MoJie B ped-
nekcax o-Fe[111] + Cr[111]; 6 —~astekTpoHOrpamMma

IUTACTUHOK U 00Pa30BaHUIO YIIBTPATOHKUX YaCTHI[ OCKOIIOYHOIO THIIA. pa3MepoM MeHee 10 MKM ¢ Tocienyto-
Hiel uX arioMepanyeil U CBapKo, 4yTo (GOPMHUPYET rPAHYIUPOBAHHYIO. KOMIIO3HIIAIO C (POPMOH YACTHII OCKO-
JIOYHOTO THIIA, 9aCTO OJIM3KOM K paBHOOCHOM (pu¢. 1). JInHaMu4eCKkoe paBHOBECHE MEXIy IPOIIeCCaMy pa3py-
IICHUS M CBAPKH KOMITO3UIIMOHHBIX YaCTHIl HACTYIAeT Mociie 00pabdoTKU B MEXaHOPEaKTope B TeueHue 6—7 4.
JanbHelnias 00paboTKa MpaKTUYeCKH He u3MeHseT (GopMy | pa3Mep yacTuil. Takum o0pa3oM, OCHOBHBIM Me-
XaHU3MOM pPOCTa TPaHyIl SBJSCTCS «HABAPUBAHUE» HA HUX MEITKUX OCKOJIKOB, KaK IPAaBHUIIO, YellyituaToi dop-
Mbl. CpeHui pazMep rpaHyIUPOBAHHBIX YACTHULl UCCHEIOBAHHBIX KOMIIO3UIIMM, MOJIYYCHHBIX MEXaHUYCCKUM
nerupoBanueM B teueHue 8—10 4, Haxoautcs B mpeaenax 30—60 mxkm. Hapsny ¢ 3TuM moiydaer HEKOTOpoe
pasButue cobupareibHas rpanyisiys. [locieqHsist IpUBOIUT K (YOPMUPOBAHUIO OTHOCUTEIBHO KPYITHBIX KOM-
MO3UIIMOHHBIX YaCTHII, 00pa3yOIMUX TyTEM CBAPKH HECKOJIBKUX TPaHyll, KaXkK/1as U3 KOTOPBIX COXPAHSET CBOO
TEKCTYDY.

I'panynbl XapakTepHU3yOTCS BEICOKOM IUIOTHOCTBEO C OTJCNIbHBIMU IOpaMu u TperuHamu (puc. 1). Ucxon-
HbIC KOMIIOHEHTHI WIHPOAYKTH UX B3aUMOJICUCTBUSI B MPEEIax KaKI0M IpaHysbl paclpeesieHbl PAaBHOMEPHO
Y KOMIIO3HIIMSE-B IISIIOM METAJLIOrpapUIeCcKy TOMOTEHHA H UMEET YIBTPAJAUCIIEPCHOE CTPOCHUE.

Ananus masHeix COM u IIDOM(puc. 1 6, e, puc. 2) M0o3BOIWI CJENIaTh BBIBOJI, YTO B MEXaHHUYECKHU JICTUPO-
BaHHBIX KOMIO3MUIIUSIX pa3Mep.3epeH OCHOBBI U BKItoueHUH He npesbimaet 0,1 MM [2]. Ha ynerpanucnepcHoe
CTPOEHHUE MaTepHalia yKa3bIBaeT KOJBIICBOW XapaKTep ICKPOHOIPAMM, COJEPKAIIUX JUCKPETHBIE MUKpPOped-
nexchl. Uncno pedrekcoB; YKIAAbIBAIOIIMXCS B OJHO KOJbIIO, focturaet 50. B aToM cirydae MOXXHO yTBEpK-
JlaTh, 4TO pa3Mep-3€PeH U/Wim cy03epeH OCHOBBI He npeBbimaet 40 HM [S]. JlaHHbBIN pa3sMep oTBe4aeT HaHO-
KPUCTAJUIMUECKOMY TUITY CTPYKTYPBL.

TeopeTuueckue, pacueThl, MPEACTABICHHBIC B [2], MO3BOMSIOT CAEIATh BBIBOJ, YTO BO BpEeMs MEPUOANYC-
CKOY TUIACTHUECKOH JepopMaluu rpaHyIMpOBaHHON KOMITO3HUIIMH, UMEIOIICH MECTO IMPU MEXaHHUYECKOM JIeTH-
POBaHMU, MTHOBEHHBIN KOA(PGUIeHT nuddy3ur MOKET MOBBIIIATHCS HA HECKOJIBKO MOPSIKOB, MPUOIIIKASACH
K 3HAUCHUIO B COCTOSIHHH TIPEAIUIABICHUS. YCKOpeHUE MU(PPY3MOHHOTO MACCOINEpPEeHOCca O0O0YCIOBIEHO CO-
BMECTHBIM JICHCTBUEM U KOHKYPEHIMEH psijia TaKux (PU3N4ecKuX (hakTOpOB, KaK reHepalus HEPaBHOBECHBIX
BaKaHCHUI BO BpeMs JedopMaliy U WX MEJUICHHAs pellakcaius B o0beme (a3 B Mepuouax MExAy yaapamu,
BO3pacTaHue COOCTBEHHBIX (IHArOHANBHBIX) KOA(DOUIMEHTOB NU(Qy3un U3-3a HAJTUYMsI HEPABHOBECHBIX Ba-
KaHCHH, IEPEKPECTHOE BIUSHUE ITOTOKOB PELICTOYHBIX aTOMOB U BAaKaHCHH 3a CUET HEIMarOHAJIbHBIX KOd(hu-
nueHToB auddy3uu, B3aumonericteue U y3uOHHBIX TTOTOKOB aTOMOB U BAaKaHCHI ¢ TrpaHuIiei (a3. YckopeH-
Hast UG dy3us U BbICOKas KOHIIGHTpAIUS ASPEKTOB CO3at0T HEOOXOAMMBIC YCIOBUS Ui ()OPMUPOBAHUSI Ha-
Py CO CTaOWIBHBIMH M METacCTaOWIbHBIX (a3, HAIPUMEp, MEPECHIIICHHBIX TBEPIBIX PACTBOPOB, IPOMEXKY-
TOYHBIX COCTUHECHUU.
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Pacuersl, BbINOIHEHHBIE 110 pa3pabOTaHHBIM MOJEIISIM JIOKAJIbHOM TUIACTUYECKOM e opMaliuu 1 ajuadaru-
YEeCKOTO Pa3orpeBa JKele3HBIX YaCTHLl TP COYAAPCHUSIX «IIap-4acTHIA-IIap» U «IIap-4aCcTHIA-CTEHKa», UMe-
IOIIMX MECTO MPH MEXaHHYECKOM JIETUPOBAHUH, MTOKA3aJIi 3aBUCUMOCTb MTPOTEKaHMsI TUX MPOIIECCOB OT BUIA
yIapHOTO BO3JEHCTBUS [6]. YCTaHOBJIECHO, YTO MPH JOOOBOM yrape aauadaTHueckuii pa3orpeB mai (He Oosiee
5 K anst cuctem Ha ocHoBe Fe), mpu 9ToM HaOMONAIOTCS BBICOKHE 3HAYCHUSI CTETICHW M CKOPOCTH IIacTHU4e-
CKOH sehopMalinil B 4aCTHLIAX, KOTOPbIE MPUBOJAT K YCKOPEHUIO TBepAoda3Hoit nuddysuu. [Ipu cromb3simem
yaape BO3MOXKeH KpaTkoBpeMeHHbIH (~107* ¢) nokanbHblif (Ha rry6uny ~0,5 MKM) pa3orpes o6pabaThiBaeMbIX
YaCTHIL A0 TeMIeparyp, MPUOIIKAIOIINXCS K TOYKE IBTEKTHYECKOTO TUIABJICHHS.

Wcxons U3 npuBeeHHBIX OIIEHOK, BO3MOYKHA peasln3alysl AByX MEXaHM3MOB: HHHLMHUPOBAHUE U MPOTEKa-
HHE MEXaHWYECKH aKTUBHPYEMbIX NpeBpatieHuii. [lepBoiii, 00ycioBiIeHHbII HepaBHOBECHO Ae(opMalnoHHO-
ycKopeHHO# auddysueii npu JI000BOM yaape, SBISETCS W30TCPMHUSCKUM, BTOPOM, MMEIOLIUN MECTO HPH
CKOJIB3ALIEM yJape M0 KOMITO3UIIMOHHOM YacTHIE, COCTOSIIEH M3 CIIOCOOHBIX K DK30TEPMHUECKON PEeaKIUuU
KOMIIOHEHTOB, — TETJIOBBIM. Hanmume mocieaHero noATBepkaaeTcst SKCIIEpUMEHTaIbHBIMI TaHHBIMA, [7 |5 co-
IJIaCHO KOTOPBIM TeMIleparypa B 00JacTH KOHTaKTa TPyLIuXcs Tel MoxeT nocturath 1300 K. Bpewmst cymiecto-
BaHHMs OYara pazorpesa U pesakcalliy TeMIepaTyphl IPMMEPHO OJMHAKOBO M HAXofuTes B peaenax 10741073 c.

IpeBpamenus B cucreme «Fe—C». B cucreme «Fe—C» mocne MexaHHYECKOTO JIETHPOBAHMS yCTaHOBJICHO
Hannuue JByX (a3 skenesa ¢ pemerkoit OLIK u TeTparonansroit (tadm. 1, pue. 3). [TocnenHsis daza npencras-
JsieT co00i MepechIeHHBIH TBEPABIA pacTBOp yIiiepona B o-kesese (MapTeHcuT). C yBeNMUYeHHEM TPOIOIIKH-
TEJILHOCTH 00pabOTKH B MEXaHOPEAKTOpe KOIMYECTBO BTOpOo (ha3blM KOHIICHTpALHs yIieposa B Heil Bo3pac-
tatoT. [Tociie MexaHn4ecKoro JIerupoBaHus B TeueHHe 16 4 MakcuMalibHas KOHIEHTPAILUs yIiepoia B MapTeH-
cure nocturana 0,99% (Cy goFe; o;). KonnuectBo maprencutHOkM (hasel coctapistet 14,2%. Hamuuune Maprencu-
Ta KOCBEHHO TMOJTBEP)KJAeT aHOMAJIBLHO BBICOKAsl TBEPAOCTH IPAHYIHMPOBAHHOHN  KOMITO3UIMH, JOCTUTAIOIIAs
900 HV u camxkatomasics 1o 200 HV nocne omxura npu 400 °C.

Ta6numa 1. Pe3ynsTaTbl peHTTeHOCTPYKTYPHOIO AHAJN3Aa MeXaHHIeCKH JIerHpoBaHHoi komno3uunn «99,8% Fe + 0,2% C»

2-Theta D-Spacing Intensity Width Phases
33,405 2,6802 1 0,268 Fe,Co.e3
34,684 2,5842 2 0,300 Fe,Co.63
37,761 2,3804 4 0,363 Fe;C
39,428 2,2835 3 0,272 Fe,Co.63
39,669 2,2702 6 0,600 Fe;C
40,446 20284 7 0,325 Fe,Co.e3
43,876 2,0618 85 0,500 Co.00 F€1 015 FesCo 63
44,684 2,0263 478 0,443 a-Fe, Cy g0 F&| o
45,514 1,9913 66 0,500 Fe,Co.e3
45,877 1,9764 28 0,500 Fe,Co.s3
50,446 1,8076 2 0,297 Fe,Co.e3
51,945 1,7589 3 0,360 Fe,Co.e3
58,383 1,5793 3 0,328 Fe,Co.s3
65,052 1,4326 23 0,460 a-Fe, Cy g0 F€| o)
66,138 1,4117 5 0,600 Fe;C
69,501 1,3514 3 0,283 Fe,Co.s3
70,432 1,3358 3 0314 Fe,Cogs
71,918 13118 1 0,306 Fe,Co.e3
76,898 1,2388 2 0,353 Fe,Coe3
80,235 1,1954 2 0,325 Co.o0 F€ 01
81,029 1,1857 10 0,600 Fe;C
82,406 1,1693 59 0,496 a-Fe, Cg g9 Fe, o1, Fe,Co 63, FesC
87,413 1,1148 3 0,388 Fe,Coe3
88,855 1,1004 2 0,343 Fe,Cogs
96,425 1,0331 1 0,246 Co.o0 F€ 01
99,306 1,0107 5 0,456 a-Fe, Cy g0 F€| o
115,454 0,9110 2 0,306 Co.00 F€1 01
136,556 0,8292 4 0,326 o-Fe
137,755 0,8258 2 0,306 o-Fe
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Puc. 3. YuacTok peHTreHOrpaMMBbI IpaHyIMPOBaHHON KOMIO3UIIMU cocTaBa «99,8% Fe + 0,2% C» B unTepsaie yrios 42—-48°

Takum 00pazoM, Py MEXaHUYECKOM JIETUPOBAaHUH B-KOMITO3MIMAX Ha OCHOBE jKeJie3a, COAepKallluX yrie-
POA, UMEIOT MECTO NpPEBpaIleHus, MOJOOHbIE TEPMOMEXaHUYECKOH 006paboTke cTaimn. DTO MOATBEPKAACT MPH-
BE/ICHHBIE BBIIIE TCOPETHYECKUE PACcUETHI MO aquadaTHuecKoMy pa3orpeBy MUKpPOOObEeMOB 00padaTsiBacMOi
KOMIIO3UIIMH, UCTIBITHIBAIOIIEH MHOTOKpaTHOE yAapHOe Bo3aeicTBHe pabounx Ten. Kak mokasaHo panee, B pe-
3yJbTaTe YJapHOTO BO3ACHCTBHS NPHU CKOJB3SMIEM yaape TeMIeparypa B MHKpPOOObeMax TpaHyJIUpOBaHHOU
xoMro3unuu npeseimaer 1000 °C, yTo HaxOAMTCS BBIIE TEMIIEPaTyphl O<>Y-TIpeBpalieHus. MHOrokpaTHoe
yAapHOE BO3JEHCTBHUE, BBHI3BIBAIOIICE MIACTHYECKYIO AePOpPMAIIHIO, Pa30orpeB MUKPOOOBEMOB C X MOCIEAYIO-
LIMM OXJIaXK/ICHUEM, CO3I1AI0T yCIIOBHS JUisl IpoTekanus hasosbix npespauennit Fe, + C — Fe (C) — Fe (O,
PE3YNIBTaTOM KOTOPBIX SBJSIETCS HAHOpa3MepHasi MapTeHCUTHas (asa, BbI3bIBaIOmasl SPQGEKT AUCIEPCHOTO
YIOPOUYHEHMUS.

OnHuM U3 QaxkToB, MOATBEPKAAIOLIMM PEILIAIONIYIO POJIb TEINIOBOTO (pakTopa B MPOTEKAHUH MEXaHUYECKU
AKTHUBHPYEMBIX MPEBPAILCHNHN, SBIAETCS 00pa3oBaHUe MPHU MEXaHMUECKOM JICTHPOBAHHMHU JKele3a YIIepoaoM
kapbuna Fe, Cy 43, IMEIOIIEr0 OpTOPOMOUYECKYIO PEMIETKY U ABJIAKOIIETOCSA OJHUM M3 «IIPOMEXYTOUHBIX) CO-
€IMHEHUH B LIETIOYKE TMPEBPALICHUH, KOHEYHBIM MPOAYKTOM KOTOPBIX ciyXuT neMeHTUuT (Fe;C). C Gompiioit
BEPOSTHOCTBIO MOXKHO yTBEPKIATE, 4T0 0Opasosanue Fe, Cy 43 BBI3BAHO MEXaHMYECKH aKTUBUPYEMBIM pacria-
JIOM MapTeHCUTA, TT0A0OHBIM EPBOMY HPEBPALLICHHUIO P OTITYCKE.

Kpome nepeuncneHHpIX (a3 B MEXaHUYECKU JISTHPOBAaHHOM KOMIIO3MILUH, PEHTTCHOCTPYKTYPHBIN aHaNn3
MOKa3bIBaeT HAJMUME [IEMEHTHTA B KoimdecTBe 2%. CremyeT OTMETUTb, YTO 3Ta (aza B TAKOM K€ KOIUYEeCTBE
MPUCYTCTBYET B UICXOIAHOM MOPOIIKE.

[Mocne 06paboTku B MexaHOpeaKTope B TeueHHE 16 4 mapaMeTp pelIeTKd OCHOBHOW (a3bl MEXaHUYECKH
nerupoBaHHON koMnosuun o-Fe pasen 0,2864 HM 1 mpumepHO cooTBeTcTBYeT 3TainoHy (0,2866 HM). DyHK-
st pusudeckoro ymupenus (PDOY) B, paBHa 1,6698 pax, oTHOCHTENbHAS CPEAHEKBAAPATHIECKAs MUKPOIE-
hopmamst (OCM/JI) < E2> —1,36-107, IIOTHOCTb AUCIOKALHH B 0GBEME kpuctamia p — 5,9098-10'! em2,
pacnpeneneane OCM/] B 3aBHCHMOCTH OT PAacCTOSHUS B KPUCTAIIIMYECKOH PEIIETKE ONKCHIBAETCS CTEIIEHHON
MOJENbIO, YTO YKa3bIBaeT Ha 00pa30BaHKE AUCIOKALIMOHHBIX CTEHOK, SABJISIOIIUXCS IPaHULIAMH CyO3epeH.

Ipespamenus B cucreme «Fe—Cr». CornacHo ABOWHOHN uUarpaMMe <GOKee3o- Xxpom» [8], XxpoM Heorpa-
HUUYEHHO pacTBOPUM B o-Fe 1 00pasyer ¢ mocnenHuM NpoMexyTouHoe coeanHenue (o-haza).

IIpenensHasg pactBopuMocTh XpoMa B y-Fe gocturaer 13%. MccnenoBaHne MeXaHHNYECKH aKTUBUPYEMOM
pactBopuMocTH Cr B a-Fe peHTreHOCTPYKTypHBIM METOIIOM, IPUMEHSBIIMMCS B padOTe, 3aTPyJHEHO B CBA3U
C T€M, YTO OHHM MMEIOT OIMHAKOBBIM THIT M OJIM3KHE 3HAYCHUS MapameTpa KpucTtaumdeckoi pemerku — 0,2866 HM
(a-Fe) n 0,2893 (Cr) um. Ilapamerp kpucrammyeckoit pemetku y-Fe (912—1394 °C), nony4eHHbIi 3KcTparo-
JsUMEN Ha KOMHATHYIO TeMIieparypy, paseH 0,3564 uwm [9].
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Tab6nauma 2. Pe3yabraThl peHTT€HOCTPYKTYPHOI'0 AHAJIM3A MeXaHUYECKH JiernpoBanHoii komnosunun «87% Fe +13% Cr»

2-Theta D-Spacing Intensity Width Confidence, % Matches

30,660 2,9135 3 0,600 100 (Fe, Cr)

31,425 2,8443 4 0,600 100 (Fe, Cr)

37,761 2,3804 4 0,363 45,9 Fe; C

39,669 2,2702 6 0,600 100 Fe; C

43,203 2,0923 10 0,600 100 Co00 Fe; o1; Fes C; y-Fe (C)
43,610 2,0737 33 0,600 100 Co.00 F€, o1; Fes C; 7-Fe (C)
44,596 2,0301 237 0,521 100 (Fe, Cr); Co g0 F€; o1; Fes C; o-Fe
44,633 2,0285 289 0,600 100 (Fe, Cr); Cy 9 Fe, o1; Fe; C; o-Fe
44,666 2,0271 291 0,600 100 (Fe, Cr); Cy o F€, o1; Fe; C; a-Fé
44,748 2,0236 68 0,600 100 (Fe, Cr); Co g0 F€, o1; Fey C;.0-Fe
45,354 1,9980 57 0,600 100 (Fe, Cr); Cg o0 Fe, o1; F&3C
45,993 1,9717 10 0,600 100 Fe; C

48,949 1,8593 1 0,600 100 Fe; C

50,787 1,7962 1 0,600 100 y-Ee (C)

54,350 1,6866 5 0,407 68,0 Fe; C

55,373 1,6578 1 0,600 100 (Fe, Cr); Fe; C

59,995 1,5407 1 0,600 100 Fe; C

61,114 1,5151 1 0,600 100 Fe; C

61,778 1,5004 2 0,600 100 Co.00 F€1 015 Fe3 C

64,693 1,4397 7 0,762 58,3 (Fe, Cr); Co .00 F€, o1; Fes C; o-Fe
65,868 1,4168 7 0,600 100 Co00 F€, o1; Fes C

66,138 1,4117 5 0,600 100 Fe; C

66,471 1,4054 4 0,600 100 Fe; C

70,863 1,3287 2 0,600 100 Fe; C

72,239 1,3067 1 0,352 21,3 Fe; C

74,785 1,2684 3 0,600 100 Fe; C; y-Fe (C)

76,594 1,2429 2 0,600 100 Fe; C

76,729 1,2411 1 0,298 6,0 Fe; C

78,965 1,2114 2 0,298 16,0 Fe; C

79,165 1,2089 2 0,600 100 Co.00 F€1 015 Fe3 C

79,899 1,1996 4 0,600 100 Co.00 F€, o1 Fes C

81,029 1,1857 10 0,600 100 Fe; C

82,441 1,1689 22 0,530 96,7 (Fe, Cr); Cy go F€, o1; Fe; C; a-Fe
83,531 1,1564 7 0,600 100 Fe; C

88,849 151004 3 0,600 100 Fe; C

89,866 1,0906 3 0,600 100 y-Fe (C)

90,039 1,0890 2 0,321 272 y-Fe (C)

95,623 1,0396 1 0,311 43 Co.00 F€, 01; 7-Fe (C)
96,780 1,0302 1 0,600 100 Co.00 Fe, o1 y-Fe (C)
98,827 1,0143 5 0,582 63,7 (Fe, Cr); Cg g9 Fe; o1; 0-Fe
109,153 009453 2 0,600 100 Co00 Fe, o1;

110,385 0,9381 1 0,308 53 Co00 Fe, o1;

115,948 0,9086 3 0,388 34,6 Co00 F€, o1; Fe

117,521 0,9009 2 0,600 100 Co 00 F&, 013 y-Fe (C); o-Fe
135,124 0,8334 2 0,600 100 Coo0 F€) 01

136,672 0,8288 5 0,423 63,5 a-Fe

138,665 0,8233 2 0,340 29,7 o-Fe

[Tocne 06paboTkl B MEXaHOpPEaKTOpE B T€UeHHE 16 9 MUXTHI, COCTOSIIEH U3 MOPOIKoB xene3a (IDK2M2)
N TEXHUYCCKH YUCTOI'0 XpoMa, pCHTICHOCTPYKTYPHBIM aHAJIN30M MEXaHUYCCKHU HCFI/IpOBaHHOﬁ KOMITIO3UIIUH,
pe3yIBTaThl KOTOPOTO MPHUBEACHBI B Ta0JI. 2, YCTAHOBJICHO HAIMYHE CIENYOMUX Ga3: Gpepput, MpoMeKyTouHOe
COeMHEHHE JKeJIe3a U XpoMa, UMEIoIIee MPUMUTHBHYIO0 KyOndecKyto pemietky PM3M, ayCTeHHT, MapTEeHCHT,
neMeHTuT. Conmepkanne deppura coctaBisieT 64%, MPOMEKYTOTHOTO COeTUHEHUS — 22, ayCTeHuTa — 6, Map-
TeHcura — 6, nementuta — 2%. Kapoun xenesa (Fe,Cy 3) ¢ OpTOpOMOMYECKOH PEMIETKOM, HATMYHME KOTOPOTO
YCTAaHOBJICHO B MEXaHWYECKHU JISTHPOBAHHOW KoMIO3uInu «Fe-Cy», B TaHHOM clly4ae HEe MIACHTH(DUINPOBaH,
4TO0 00YCIIOBIEHO MaJbIM COJCp)KaHHEeM MapTEHCHTA, MIPOIYKTOM paciiaja KOTOPOTo OH sBisieTcs. [Ipomexy-
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TOYHOE COSIMHEHUE C IPUMHTUBHON KyOHMUECKOM PEIeTKOM, BEPOSTHO, CIY)KUT OAHOM M3 «Pa3HOBUIHOCTEI
o-(azpl. CienyeT 3aMeTHTh, YTO TUI KPUCTAJUINYECKON PElIeTKH G-(a3bl B KIIACCHUECKUX CIIaBax 10 HACTOS-
Iero BpeMeHH He ycTaHoBieH. [1o nanubiM, npuBeaeHHBIM B [10], B3STHIX U3 pa3HBIX HCTOYHHUKOB, OHA MOXKET
OBITh KyOMUECKOM, TeTparoHajabHOH, pomOuueckor u ap. CojepxkaHue yriaepoja B MapTEHCHTE COCTAaBIISUIO
0,99% (Cyg goF€ 91)- icTouHMKOM €r0 siBsiicst nopouiok xenesa [DK2M2. HecoMHeHHO, YTO BCE yCTAHOBIIEH-
Hble (a3bl comepkar xpoM. OHAKO ONMPEAETUTh KOMHMIECTBEHHOE paclpeieieHIe MOCIeIHET0 Mexay dhazamu
HE MpeCTaBIsIeTCS BO3ZMOKHBIM.

Hlupokwuii cnekTp a3z B MEXaHWYECKH JICTUPOBAHHOW KOMITO3UIIMK yKa3bIBAa€T HA aKTUBHOE MPOTEKaHHE
MEXaHOXMMHMYECKHUX MpPEBpaIleHni, a HaJluuue ayCTeHUTa M MapTeHCHTa IMOATBEP)KIAaeT MPEeBATHPYIOLIYIO
POJIb TEIIOBOTO MEXaHN3Ma UX (POPMHPOBAHHS.

[Mocne o6paboTku B MeXxaHOpPEaKTope B TeueHHEe 16 4 mapaMeTp pelIeTKH OCHOBHOW (a3bl MEXaHUYECKH
JerupoBaHHON koMnosuiuu a-Fe pasen 0,2864 HM U mpuUMEpHO cOOTBETCTBYET 3TaioHy (0,2866 HM). DOY

Bi» paBHa 2,0513 pax, OCM]J] V< E2> — 0,559-1073, mrotHoCTh AMCIOKAIMil B 0OBhEMe KpUCTAIUIa P —
2,0352:10'" em2, pacnpenenenne OCMJ] B 3aBUCHMOCTH OT PAacCTOSIHUS B KPHCTAIUTHUECKOH pelnetke, Kak
U B CHCTEME (GKEJIE30 — YyIIIEPOI», ONHUCHIBAETCA CTENEHHON MOJEINBIO, YTO YKa3bIBAET Ha OJUHAKOBBIM Mexa-
HHU3M CTPYKTYPBI OCHOBBI.

Ipespamenust B cucreme «Fe—Ni». CornacHo paBHOBecHOi auarpamMe «Fe—Ni» [8], Hrikens obnanaer
OrpaHMYEHHOH pacTBOPUMOCTHIO B o(d)-kenese, JocTHraromei 6%, 1 HeorpaHUYEHHOU —B y-kene3e. [1oBbI-
[IeHUE KOHLCHTPALUN HUKEJSl B TBEPIOM PAacTBOpPE NMPHUBOIUT K YBEIMUYCHHUIO NMEPUOLa KPUCTAIIIMUECKOMN pe-
IIeTKH OCHOBBI. Kpome Toro, B 370l cucrteMe oOpasyercs AIPOMEXYyTOUHOE COEANHEHHE (CBEPXCTPYKTYpa)
FeNi;.

PesynbTrarsl peHTTeHOCTPYKTYPHOTO aHANIN3a, IPEICTaBIeHHbIC B Ta0l. 3, TOKA3bIBAIOT, YTO 00paboTKa Ke-
JIE30-HUKENIEBOM IUXTHl B MEXAHOPEAKTOPE COMPOBOXKAAETCS MPOTEKAHWEM MEXAHOXMMHUYECKHX IpeBparie-
HUH.

Tab6numa 3. Pe3ynbTaTbl peHTTeHOCTPYKTYPHOIO aHAJIN3a MeXaHUYeCKH JerupoBanHoi kommnozunun «90% Fe + 10% Ni»

2-Theta D-Spacing Intensity Width Confidence, % Matches

43,711 2,0692 15 0,500 100 Coos F€1 0
44,643 2,0281 226 0,460 100 o-Fe(Ni); Cg 08 F€1 02; 7-Fe(Ni)
51,479 1,7737 1 0,500 100 FeNi,

52,024 1,7564 3 0,500 100 v-Fe(Ni)
62,964 1,4750 3 0,500 100 Coos Fe1 02
64,984 1,4339 10 0,544 85,1 o-Fe(Ni); Cg o5 F€) 0y
71,558 1,3175 1 0,237 11,9 FeNi,

75,823 1,2536 3 0,399 54,0 y-Fe(Ni)
82,362 1,1699 27 0,446 99,7 o-Fe(Ni); Cq s F€; o7
91,867 1,0720 3 0,500 100 y-Fe(Ni)
91,976 1,0710 1 0,308 22,6 y-Fe(Ni)
97,643 1,0234 1 0,281 16,4 Co 05 Fe; op; y-Fe(Ni)
97,729 10227 3 0,500 100 Co.0s F€, oy FeNis
98,947 1,0134 5 0,437 55,1 o-Fe(Ni); B
110,574 09371 1 0,254 15,2 Coos Fe1 0
116,544 0,9056 4 0,360 49,6 o-Fe(Ni); Cg o F€; 0y

Kak u B.cucteme «Fe—Cr», MeXxaHUYECKOE JIETHPOBAHKE JKelie3a HUKEJIeM MPHBOIUT K MEXaHUYECKH aKTH-
BUPYEMOMY PacTBOPEHHIO JIETHPYIOIIel 100aBKH B xkelnese. [locie o0paboTKu MUXTH B MEXaHOPEAKTOPE OC-
HOBOW KoMmo3uiinu seisieTcst aza o-Fe(Ni), comeprkanme koTtopod cocraBisier 86%. PacTBopenmne Hukens
BoKeJe3e MPUBOIUT K YBEITMUCHHIO TTapaMeTpa Kpuctaummaeckoi pemretku ot 0,28664 mo 0,28681 M. Ha BEI-
COKHMH pa3oTpeB U MOCIEAYoIIee OBICTPOE OXJIAKICHIE MUKPOOOHhEMOB 00padaThIBaeMOil KOMITO3UIINN YKa3hI-
BaeT Hanuuue Maprercuta Cg oz Fe| 9o. Coneprxanne ero cocrasnser 5%. Kpome Toro, B CTpyKType B KOnude-
ctBe 6% mpucytcTByer aycteHUT (y-Fe(Ni)), oOpasoBaHue KOTOPOTo 00yCIOBIEHO HATHYHEM MHUKPOOOHEMOB
C BBICOKUM cofiepkaaneM Hukens (6onee 10%). 3To yka3piBaeT Ha HETOMOTEHHOCTh MEXaHHUECKH JIETHPOBaH-
HOW KOMITO3UIIMY ¥ CYIIECTBOBAHUE TBEPJBIX PACTBOPOB C Pa3HOW KOHIICHTpAIUCH JISTHPYIOIIETO IEMEHTa,
YTO TOATBEPXKTACT paHEe YCTAHOBICHHBIM MexaHW3M (opMmupoBaHus 3TuX (a3 [2]. KpoMe TBepapIX pacTBo-
POB, IMEET MECTO 0Opa3oBaHue IpoMexxyTouHoro coeaunenust FeNi;, copepkanue koToporo cocrabiseT 3%.
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CrpykTypooOpa3oBaHHe MPHU MEXaHUYECKOM JICTUPOBAHUH B OOJBILION CTETNIEHU JIMMUTUPYETCS] CKOPOCTBIO
npoTekaHus TuQQy3noHHBIX mporeccoB. B cucreme «Fe—Ni» Hapsay ¢ aedopMannoHHO U TEPMUUECKH aKTH-
BUpyeMoil TudQy3ueil HUKeNs B O-KeJle3e YCKOPEHUE Tpolecca PaCTBOPEHHUS] HUKETsl B OCHOBE JOJKHO TIPO-
UCXOIIUTH B Pe3y/bTare MHOTOKPATHO ITOBTOPSIOMINXCS TEPMUUYECKH aKTUBUPYeMbIX TpeBpatienuit Fe (Ni) <>
Fe,(Ni), BbI3BaHHBIX IUIACTHYECKON AeopManrell MUKpOOOBEMOB 00pabaThiBaeMOi KOMIIO3ULMU PabOIMMu
Tenamu. Kak u B ciiyyae HEMPEPHIBHOTO HATPEBa M OXJIAXKACHHS IPH TEPMUYECKO 00padOTKe JINTHIX Kee30-
HuKeleBbIX cru1aBos [10], npespamenus Fe,(Ni) <> Fe,(Ni), nmeromue MecTo npu MEXaHUIECKOM JIETUPOBa-
HHUH, MPOTEKAIOT Mo 0e3auddy3noHHOMY (MapTEeHCHTHOMY) MEXaHU3MY, YTO BBI3BIBACT JIOTIOJHHUTEIBEHOE U3-
MENIFICHUE CTPYKTYPBI OCHOBBI U MOBBIIAET €€ TBepAoCTh. ClieyeT OTMETHTD, YTO BEPOSTHOCTh peaan3alnui
9TOr0 MEXaHW3Ma MPH MEXaHUYECKOM JICTHPOBAaHHU 3HAUMTEIHLHO BBILIC, YEM MPH TPAAWLHOHHON TepMUYe-
cKkoit 00pabotke. HaHocTpyKTypHBIE BKiIOUeHUs MapTeHcuTa u FeNi; aBstoTcs oqHUM U3 (PaKTOpOB, BHI3BIBAS
IOIINX JAUCTIEPCHOHHOE YIpOUYHEeHHe. TBepIoCcTh MEXaHUUECKH JIETHPOBaHHOM KoMIo3uuu, focturaet HV. 680,

[ocne o6paboTku B MexaHOpPEaKTope B TeueHHE 16 4 mapaMeTp pelIeTKH OCHOBHOW (a3bl MEXaHUYECKH

nerupoBaHHOH komno3unuu o.-Fe(Ni) pasen 0,28681 um. ®DY B, paBna 1,5277 pan, OCM/ V< E2> —
6,319-1073, noTHOCTH AUCIOKALMiA B 06beMe kpucTaina p — 4,2739-10!" em2, pacnpenenenue OCM/] B 3aBu-
CHUMOCTH OT PacCTOSHHA B KPUCTAJUIMUECKON PELIETKE, KaK U B MPEABIAYIINX CUCTEMAaX, OMUCHIBAETCS CTEIICH-
HOU MOJENIBIO.

Ipespamenus B cucreme «Fe—Al». B coorBercTBUM ¢ paBHOBecHOH Auarpammon «Fe—Al» [8] amomu-
HHUM OTHOCHTCS K 3JIEMEHTaM, MOBBIIIAIOIINM TOUKY Az M MOHMKAIOMIUM TOUKY A soKelle3a, U XapaKTepUu3yeTcst
OrpaHHMYEHHOH PacTBOPUMOCTBIO KaK B a-kenese (=28%), Tak u.B y-xenese (<1%). Kpome obpazoBanus TBep-
IBIX PAacTBOPOB, AIIOMHUHMI C jKeJIe30M 00pasyeT psn coeguHEeHH u cBepxcTpykryp (FeAl, FeAl,, Fe,Als,
FeAl;). XKene3o B antoMuHHN HE PacTBOPSIETCSI.

Kak n Bo Bcex mprBeeHHBIX BhIILIE MaTepHajax, Mpu 00paboTKe B:MEXaHOpeakTope KoMno3uuuu «Fe—Al»
MEXaHUYECKH aKTHUBHpYyeMble (a3oBble HMpEBpAIlCHUs] MPOTEKAIOT.B HAIIPABICHUH YMCEHBIICHUS CBOOOTHOM
SHEPIHMH, OHAKO TEPMOAMHAMUYECKOTO PaBHOBECHS CHCTEMBI He' JocTuraerca. CormacHo peHTTEHOCTPYKTyp-
HOMY aHaJHu3y, B 3TOM CIy4ae OCHOBHBIM NpPEBPAIlEHUEM SBISAETCS paCTBOPEHHE allOMHHMS B Ol-XKele3e, Ha
YTO OJHO3HAYHO YKa3bIBa€T YBEIMUYCHHE TapameTpa KpUCTAlNIM4eckod pemeTku skenesa oT 0,28664 mo
0,28778 um (Aa/a = 3,977-107%). Yimmpenue uuTephepeHIIMOHHBIX JTHHHUH, YMEHbIIEHHEe HHTEHCUBHOCTH, HX
ACHMMETPUYHOCTh YKa3bIBAlOT Ha HEOAHOPOTHOCTH TBEPHOTO pacTBOpa IO XHUMHUYECKOMY cocTaBy. Kpome
TOTO, B yrax 20, paBHbx 44,39, 64,54 u 81,58, mMeroTcs criadble TMHUH, KOTOPBIE IPUHAIIEKAT TPOMEXKY-
touHoMy coenuHeHnto FeAl. Tak, B yrmax 20;paBubix 38,68, 44,47 u 64,82, IpuCyTCTBYIOT MaJIOMHTEHCHUB-
HbIE MUKW, MPUHAUIeKAIME ATIOMUHIIO. Tak %€ /Kak U B IPEABIAYIINX CUCTEMaX, MaTeprall XapaKTepu3yeTcs
BBICOKOH TUIOTHOCTBIO JUCIOKANN B 00heMe KprcTamia p — 4,0218-1011 oM 2. Pacnpenenenne OCM/I B 3aBU-
CHUMOCTH OT PACCTOSIHUSL B KPUCTAIIIMYECKOM PeIIeTKe ONMUCHIBACTCS CTEIIEHHON MOJIEINBIO, YTO TO3BOJISIET CAe-
JaTh BEIBOA 00 00pa30BaHUM AUCIOKAMOHHBIX CTEHOK U (JOPMHUPOBAHUH OJIOYHOM CTPYKTYPHI.

MexaHnyecky JETHpOBaHHas KOMIIO3HULUS XapaKTepU3yeTCsl BBICOKON TBEPAOCTEIO, focturaromeit HV 710
u cHkaronleiica no HV 590 nocme anutensHoN Boaepkku npu 750 °C. Orxur npu temneparype 1000 °C
NPUBOANT K YMEHBIIECHUIO HCXOAHOM TBEPAOCTH MPUMEPHO B 2,4 pa3a, HO IPU 3TOM OHA OCTAETCS JOCTATOYHO
BbIcOKOH (290 HV), uT0 offHO3HAYHO yKa3bIBaeT Ha HajIw4due (a3, 00eCIeUnBaONNX KOMIUIEKCHOE YIIPOYHe-
HHE MaTepuana, coucTamliee Kak JUCIEPCHOHHOE, Tak U aucnepcHoe. [lepBoe o0ecneunBalOT MEXaHHYECKU
Y TEPMUYECKH CHHTC3MPOBAHHBIC HAHOPA3MEpHBIC allOMHHUABI, BTOPOE — OKCHIBI amfoMuHus. Hamuune xak
NEPBBIX, TAK U BTOPHIX OAHO3HAYHO BBIIBIISICTCS B MEXaHHMUYCCKH JIETHPOBAHHBIX KOMITO3UIMAX, MOABEPTHYTHIX
OTXMWTY (cTapeHHI0) npu Temneparypax soime 500 °C.

BpIBOABI

1. OcHOBHBIE 3aKOHOMEPHOCTH peaau3allii MEXaHUYCCKU aKTUBHUPYEMBIX CTPYKTYPHBIX U (ha30BBIX IIpe-
BpallleHu# pyu 00pabOTKEe B MEXaHOPEAKTOPE JKENE3HBIX KOMIIO3UIIUH, COACPKAIIUX B KAYECTBE BTOPOrO KOM-
MOHEHTA MOPOIIKH YIIIEPOAa, XpoMa, HUKEIIs, aIFOMUHUS, MOJOOHBI UMEIOIIUM MECTO B aJJFOMHUHHMEBBIX, ME/I-
HBIX M HUKEJICBBIX CUCTEMAX, YTO YKa3bIBACT HA UX YHUBEPCAJIbHBIN XapaKTep.

2. [IpoaykToM MeXaHHYECKOTO JICTUPOBAHMsI SIBJISIOTCS TPAHYJIUPOBAHHBIC KOMIIO3MIIMH, CPEIHUHN pa3Mep
YaCTHUI] KOTOPHIX 3aBUCHUT OT COCTaBa MMXTHl U HaxoauTcs B mpenenax 30—-60 mxm. ['paHyabl HIMEIOT OCKOJIOY-
HYI0 ()OpMY, XapaKTEPHU3YIOTCS BHICOKOW TUIOTHOCThIO, METAJUIOrpaduueCKH rOMOTEHHBI TI0 CTPYKType U (ha3o-
BOMY COCTaBY, HO SIBJISIFOTCSI F€TEPOICHHBIMH HA HAHO- U CYOMHKPOKPHCTANINYSCKOM YPOBHE.
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3. OcHoBa KOMIO3UIUH (HOPMUPYETCS IO MEXaHU3MY AWHAMUYECKONW PEKPUCTAIUIN3ANH (AMHAMHYECKOTO
BO3BpaTa). MexaHn4ecKr aKTHBHPYeMOE HaKOIUICHHE AMCIOKAMKA U UX MEePecTpoiiKa MPUBOIAT K 00pa3oBa-
HUIO CTPYKTYpPbl CyOMHKPOKPUCTAITMUECKOTO THIIA ¢ pa3MepoM 3epeH Meree 100 HM, cocTosmuX U3 cyo3epeH
BeNIMYMHON He Oonee 50 HM, UMeroIel OONBIIYIO MOBEPXHOCTh pasesia MeX, 1y KOMIOHEHTaMH, CIIOCOOCTBY-
IO1IYI0 00pa30BaHHIO LIEHTPOB KPUCTAIIIM3AINN HOBBIX (ha3 M YCKOPSIOIIYIO UX POCT.

4. Ilpn MexaHUYeCKOM JISTHPOBAaHUN KOMITO3UIIMK Ha OCHOBE JKelie3a IMOJIydaroT pa3BHTHE (a3oBble mpe-
BpALICHUS, yMEHbBIIAIOIINE CBOOOAHYIO PHEPTHIO U BBI3bIBAIOIINE 00pa30BaHNe TBEPABIX PACTBOPOB U COCIH-
HEHUN Pa3IMYHOIo TUIla, IIPU 3TOM CUCTCMbI TEPMOJUHAMUNYCCKOI'O PAaBHOBECHUA HE JOCTUTAIOT.

5. B pabGote nmoaTBepKIeHBI paHee TEOPETHYECKH YCTAaHOBIICHHBIE, OMHOBPEMEHHO PeaIu3yIoInecs Mexa-
HU3MbI THULIUUPOBAHUSA U MPOTCKAHUSA MEXAHUYCCKU aKTUBHUPYCMbIX HpeBpameHHﬁ. HepBI)IM SABJIACTCA MEXa-
HU3M, OOYCJIOBJICHHBIN HEPABHOBECHOMU Jie(hOpMaIIMOHHO-YCKOPEHHOU qu(dy3ueii, npoTeKaromeii npu 1000+
BOM yllape B YCIIOBHSX, OJHM3KUX K M30TEPMHUYECKHM. BTOPBIM — TEMIOBOM MEXaHM3M, MMEIOIINN MeCTO MpU
CKOJIB3AIIEM yJape MO KOMIIO3ULIMOHHON YacTHUIle, COCTOSLICH U3 PEaKMOHHO CHOCQOHBIX " KOMIIOHEHTOB, BbI-
3BIBAIOIIIEM MOBBIIIEHNE TEMIIEpaTyphl 10 3HaueHui, nmpesbimaronux 1000 °C.

6. MexaHn3M MeXaHHMYEeCKH aKTHBHPYEMOT'O pacTBOPEHHS JISTUPYIOIIUX JIEMEHTOB BKIIOYAET B ceOs clie-
JyIoUHe cTaanu: o0pa3oBaHrue HEOAHOPOAHOTO MO COCTaBy KBa3HpacTBOpa; (POpMUPOBaHNE B MEKPOOObEMax
HECKOJIbKUX, PA3IMYAIOIIUXCSI [0 KOHIICHTPALUH TBEPABIX PACTBOPOB; TOMOTI'€HHU3AIIHIO.

7. MexaHW4YeCcKH aKTHBHpyeMOe 00pa3oBaHUE COCAMHEHHH (KapOuI0B, OKCHUI0B, HHIEPMETAIUIUIOB) MPO-
MCXOIUT TI0 ABYM OJHOBPEMEHHO MPOTEKAIOIIMM MEXaHW3MaM: IyTeM:. HENOCPEICTBEHHOTO B3aMMOJICHCTBUS
MEKAY UCXOAHBIMU KOMIIOHECHTAMU U B PE3YyJIbTATC paciiaga MepeChICHHBIX TBEPAbIX PACTBOPOB.
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