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BBeaenne

PecypcocOepeskeHne B HACTOSIIEE BPEMSI SBILICTCS
BOKHCHIICH TOCYZApCTBCHHOH mpodmemoit. OgHuM H3
TMICPCIICKTUBHBIX MYTCH € PCIICHHUA SBIICTCA TIOBBIIIC-
HHUC MEXaHMUCCKUX H CIIY’KCOHBIX CBOWCTB CTaJICH, UyTY-
HOB, HATUTABOYHBIX MaTEPHAJIOB, IIHPOKO IPUMEHICMBIX
B TCXHHKE, 4 TAKKC CHIDKCHHUC HX CTOMMOCTH HCKJIFOYe-
HHEM M3 X COCTaBa JOPOTHX JICTHPYIOLIMX 3JICMCHTOB
(Ni, Mo, W, Co u ap.). B pabore 0000IICHBI pe3yIbTaThl
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HCCIICAOBAHHUI B MEPCICKTHBHOM HAYYHO-IIPHKJIATHOM
HMHHOBALIMOHHOM HANIPABICHHH, 3aKITIOYAIOMIEMCS B Pas3-
padOTKE IKOHOMHOJICTHPOBAHHBIX CIUIABOB M YIIPOUHSIO-
IIMX TEXHOJOTHHA HA OCHOBE IOJMYUCHHS MHOTO(A3HBIX
CTPYKTYP (MapTeHCHT, OCHHUT, eppuT, KapOUIsL, Kapoo-
HUTPHIbI, HHTCPMETAILTHABI I HX PA3HOOOPa3HbIC cove-
TaHHA), OXHOM M3 OCHOBHBIX COCTABILIFOIIUX KOTOPBIX
SIBIIETCS. METACTAOMIIBHBIN ayCTCHUT, IPETCPIICBAFOIIIH
TIPH HATPY>KCHUH AWHAMHYECKHE e (OpMATHOHHBIC Map-
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TEHCUTHBIE TPeBpameHisL. OTHOBPEMEHHO MOKET IPOTE-
KaTh JUHAMHICCKOE CTAPEHHUE MAPTCHCHTA W AyCTCHHTA,
00YCIIOBJIICHHOC BBIICIICHHEM KaPOHIHBIX, KAPOOHUTPHI-
HBIX W MHTCPMCTALIMIHBIX (a3, a TAKKS CTPYKTYPHBIC
H3MCHEHUS. 00pazoBaHuE Je()EKTOB YIAKOBKHY, JBOHHH-
KOBAHHE, M3MCHCHHC IUIOTHOCTH JUCIOKAIMH U Ip. ITO
00eCIIcUNBACT MaTEPHAIAM CHOCOOHOCTD K JHCCHITAIINHI
OHEPTHH M AJANTALMH K YCIOBHAM HATPY)KCHHS IIPH HC-
TIBITAHKSIX CBOUCTB M SKCILTyaranuu. B pesynsrare cyrie-
CTBEHHO BO3PACTACT HAICKHOCTD M JJOJITOBEYHOCTH JCTa-
JIeH MaIIMH U HHCTPYMEHTA, YTO 00CCTICUHBACT 3HAUUTE b~
HOE pecypcocOepekeHuE.

PaccmarpuBaeMoe HampaBiIeHHE MOIYYAeT B IOCTC-
JHHC Iroabl BCC OoutbImice Pa3BHUTHUC B PA3JIMIHBIX CTPAHAX,
4T0 00YCIOBICHO 3(P(EKTHBHOCTHIO MMPUMCHEHHUS B IIPO-
MBIIITICHHOCTH HOBBIX S9KOHOMHWYHBIX MATCPHATIOB H TCX-
HOJIOTHi1, 00CCICUHBAIOMINX MOTYICHHEC MHOTO()a3HOH
MCTACTAOMITEHOH YIIPABIACMO CaMOTPAHC (HOPMHUPYFOIICH-
CSl CTPYKTYPBL. JTO COOTBETCTBYET ONHOH M3 OCHOBHBIX
TCHACHIMH COBPEMEHHOTO MATEPHANIOBEACHUS, CyTh KO-
TOPOTO COCTOHT B ITOJIy'ICHHH MAaTEPHAIOB C MCTACTa0MIIb-
HBIMH CTPYKTYPaMH, CHOCOOHBIMH TOJ BIHMSHHCM BHE-
IIHUX BO3AEHCTBHM K camoopraHusauuu [1]. Meracra-
OUIBPHOE COCTOSHHE, KaK Y’K€ OTMEUAIOCh, MO3BOIISICT
MarcpuajlaM aganTHPOBATHCA K BHCIIHUM HAT'PYy3KaAM.
AﬂaHTaI.[I/I}I TMPOUCXOAUT 3BOTOIMUOHHBIM IYTEM ITIOCTC-
TICHHOTO TEPEX0a OT CTAPOTO CTPYKTYPHOTO COCTOSTHUS
K HOBOMY. Ba)kHOW OCOOCHHOCTBIO IIPH 3TOM SIBIISICTCS
CTPOTas IMOCIECI0BATENBHOCTD IPOLIECCOB, IPOUCXO/ X
TIPH BHEITHEM BO3ACHCTBHHU. B KakabIi JAHHBI MOMEHT
peamm3yercsa Hanboee YHEPTETHICCKU BBITOHOC CHCTE-
M€ KBAa3HCTAIIMOHAPHOE COCTOsIHIE. BaXkHyr0 poIts B ajarn-
TAHOHHOH CIIOCOOHOCTH MaTEpHaja WIPacT IPHHIIHIL
COIJIACHO KOTOPOMY CKOPOCTb ITPOTEKAHHS PEBPAILICHAH
B MaTepuaje JODKHA OBITh COM3MEPHMA CO CKOPOCTHIO
TIPYIIOKCHUS HATPY3KH. bonpIoe BIusHIE Ha prCocad-
JIMBAEMOCTh MAaTEpHaNa K BHEITHEMY BO3JCHCTBHIO OKa-
3BIBACT KHHETHYCCKHUH (DAKTOP, 4 TAKKE TETCPOTCHHOCTD
CTPYKTYPBI, 3aKIFOYAIOINANCS B KAYCCTBCHHOM PA3IHIAN
€€ COCTABJLIFOINNX, YTO 0OECIIEYUBACT UM ITOBBIIICHHYFO
yCTOfI‘{HBOCTB A OCJIOCTHOCTE B HCIIPCPHIBHO H3MCHAIO-
mmxca yermoBwAax [2, 3]. OmHOM W3 pa3HOBHAHOCTCH Ta-
KHX MAaTEpHAIOB ABJLIFOTCSI 3KOHOMHOJICTHPOBAHHBIC, CO-
PHCHTHPOBAHHBIC HA CHIPBCBYIO 0a3y YKpawHBL, OOTaTyIo
3aJIeKAMH MAPTAHIECBOM PYABL, CTANTH M YyTYHBI, HAIUIA-
BOYHBIC MATCPHAJIBI, KOTOPBIE 00CCIICUHBAIOT TOIYUCHHAC
MCTACTAOMITBHBIX CTPYKTYP U MO3BOJLIIOT PCATH30BaTh 3()-
(hekT ympaBIIeMoH caMOTpaHC(OopMAIK IPH HATPYKe-
wun. Cornacuo qanasM pador JI. . KoporyHoBa ¢ coTpya-
HHUKAMH, B IOBEPXHOCTHOM CJIO€ CILIABOB C METACTaOWIIb-
HBIMH CTPYKTYPaMH, KOTOPBIMH SABJIAFOTCS MEPECHIICHHBIN
VIIEpomoM O-TBEpAbIH PacTBOP, OCTATOUHBIA AYCTCHHUT H
gucnepcHas (eppuTOKApOUIHAS CMECh, IO BIHSHHEM
JICUCTBYIOIIECH HA HUX HATPY3KH B MPOLIECCE IKCIUTyaTaLHi
(hopMmpyeTCAI HAHOKPUCTAILTHHEECKAS CTPYKTYPA, BHOCAIIAS
CYHICCTBCHHBIA BKJIAJ] B MOBBILICHIE HAZCKHOCTH H JIOI-
TOBEYHOCTH JCTANICH U HHCTPYMEHTOB [4].

94

Kparkast nctopusi mosijieHusi CTaJIeil ¢ MeTacTa-
OMILHBIM AYCTCHUTOM

OO0CTOATCABHBIC HCCICAOBAHMA MAPTCHCHTHOTO TIpC-
BPAIICHU B ITPOLIECCE IIACTHYICCKOM Je(hopManu, mpo-
seacHHbIe Lainem Ha aycreruTHOM crmase Fe-30 % Ni
eme B Havyasie 30-X roaoB MPOLUIOrO BEKA, U MOCIEAYIO-
IHUC MHOTOYHCJIICHHBIC pa60T1>1, BBINIOTHCHHBIC HA PA3JIH'I-
HBIX IO COCTABY dyCTCHUTHBIX CTAJLAX, ITO3BOTAIA IIUPO-
KO HCIIOIB30BaTh A¢(OPMATHOHHOE MAPTCHCUTHOE TIpe-
BPAIICHUC B MPOLECCCE YIMPOYHAROMECH 00padoTKH mpH
H3TOTOBICHUH JCTAJCH U CYNIECTBEHHOTO ITOBBIIICHUS
HX MPOYHOCTHBIX CBOMCTB.

B cepeanne 50-x rogos npouwutoro cronetusa M. H. bo-
raucBbiM U P. 1. MuHIIEM BBICKA3aHA M PeajU30BaHA
HOBAs YPE3BBMANHO MJIOAOTBOPHASA HUACS, CYTh KOTOPOit
3aKIIIOYANIACH B HCIIOIB30BAHUH e (hOPMAIHOHHBIX Map-
TCHCHTHBIX MPCBPAMICHUH HE TPH YIPOUHAIOMICH 00pa-
0oTKe cTasel ¢ METaCTA0MIbHBIM AyCTCHUTOM, KaK 3TO
OBLIO OOBIHO MPHHATO, 4 MPH HATPYKCHHH B MPOLCCCE
HCIBITAHUNA MEXaHHYCCKUX CBOWCTB M JKCILTyaTaluu [5,
6]. 2TO TONOKHUIIO HAYAIO COBPECMCHHOMY MCTAJLTOBCAC-
HUFO JUHAMHYCCKUX IPOIECCOB, YCTAHABIMBAIOMEMY
CBSI3b MEXIY CTPYKTYPHBIMH H (Da30BBIMH IIPEBPAILCHH-
SIMH, MPOTCKAOIIUMH B CIIABAX MO BIUSHUEM ACUCTBY-
FOIMX HA HUX HATPy30K, W CBOHCTBAMH. JTO BAKHO IOI-
YEPKHYTh, T.K. B 0030pHBIX paboTax u yIcOHOH IHUTEpaTy-
PEC YKas3aHHAA HACA NPHUIMUCBIBACTCA aMCPHKAHCKHUM
yaeHsM B. @. 3akero u E. P. [1apkepy, uro HE BepHO. X
HCCOMHCHHOH 3aCTyTOH ABIACTCS pa3paboTKa CIOKHOIC-
THPOBAHHBIX BBICOKOMPOUYHBIX craneil ITHIT (mmactuy-
HOCTb, HABCACHHAS IIPEBPAILCHACM), 00IaJAFOIINX VHH-
KAJIBHBIM COYCTAHHCM MCXAHHYCCKHX CBOMCTB IOCIC
MPSATOKCHHOM MMH YIPOUHSIOMCH 00padoTku. OxHAKO
B OTHX CTAJLIX PCATHU30BAH TOT JKC MPUHIIAIL, YITO X IIPEI-
nokeHHBIH Ha 10 xer pansme M. H. borauessim u
P. M. Munniem. IMu ¢ COTpyTHHKAMHE BBIIOTHEHBI (DYH-
JAMEHTAJbHbIC UCCICA0BAHMS, MOKA3ABIINE BAYKHYIO POITh
JAHHAMHAYC CKHX Z[G(I)OpMaI.[I/IOHHI)IX MAPTCHCUTHBIX ITPEC-
BpaH.[eHI/Iﬁ U CTAPCHHUA B ITOBBIILICHUH JOJITOBCYHOCTH AC-
Tanei MamuH. BriepBhIe YCTAHOBICHO O0JICE CHITBHOC VII-
POYHECHHE MApPraHICBOTO W XPOMOMAPTaHICBOTO ayCTe-
HUTA MO CPABHCHUI) C HUKCJICBBIM H XPOMOHHKCIICBBIM,
4yT0 00YCIIOBICHO OONIee HU3KOIH 3HEeprue Acdekra yma-
KOBKH (3.71.y.) B TIEPBBIX 110 CPABHEHHUEO CO BTOPBIMH. ITO
CBA3AHO C PA3JIUIHBIM BIMAHHCM MApPraHla H HUKCILA HA
JNEKTPOHHOE CTPOCHME CIUIABOB HAa OCHOBE »kene3a. bo-
JIee HU3KASI 3y B MAaPTaHEICONCPKAUX CTALIX OTIPee-
JsIeT 00pa30BaHUE B HUX AC(DEKTOB YIIAKOBKH, E-MapTCH-
CHUTA U MMPOTCKAHNE MPEBPALLECHUI; ¥ —> ay,,,—> e> "[7]
Hy >y, —e >y, —>7 — o’[8]. B padorax
W H. borauesBa ¢ COTPYAHHKAMH BCECTOPOHHE H3YYCHBI
CTPYKTYPHBIC 1 (Da30BBIC MPCBPAILICHAS B PA3IHIHBIX IO
COCTaBy XpOMOMAapPraHuEBbIX cTajsx. Ha 31oit 0OCHOBE pas-
padoTaHa KABHTALMOHHOCTOMKAA cTams 30X 10I°10 [5, 6].
Ee comporuBneHne pa3zpynmicHHIO NMPH KaBHTAIIMOHHOM
BO3ACHCTBHH HA MOPSIOK BBIIIE, YEM Y H3BECTHOU IMHPO-
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KO MPUMEHAEMOM B poMbIrieHHoCTH cTamm 12X 18H10T.
Tosmauaee coznana domee TexHoMoTHIHA, deM 30X 10110,
KaBUTAITMOHHOCTOMKASA cTams 10X14AT12(M) [9]. TToc-
JIemHsIs uMeeT 0oJee BBICOKHH YPOBEHb MEXAHHUCCKHUX
CBOWCTB B OTJTUBKAX 00bmoro ceucHus [ 10], a Taxxe kop-
PO3HOHHYIO CTOHKOCTh. B padore [11] mma moBbIICHHA
THIPOAOPA3UBHON H3HOCOCTOMKOCTH BICPBBIC pa3pado-
TaHBI AUCTICPCHOHHO-TBEP/CIONINE METACTAOMIbHBIC ayc-
TeHuTHBIC cTamd (30-50)X12AT100(0,5-2), B KOTOPHIX
TIOCJIC 3aKAJKH M CTAPCHUSI POUCXOINT YIIPOUHEHHE aycC-
TCHHUTA KapOMIAMH W KapOOHHUTPHAAMH, BBIACICHHE KO-
TOPBIX M3 AYCTCHUTA €T0 AECTAOMIM3UPYET, MOBBIMIAS TOU-
Ky Mﬂ BBINIC KOMHATHOM TEMIICPATYPBL, YTO BBI3BIBACT
Pa3BUTHE TMHAMAYECKHUX JC(OPMATHOHHBIX MAPTCHCHUT-
HBIX MPEBPANICHUH TPH BO3ACHCTBHH A0pa3HBHBIX dac-
THII. BaskHBEIMH IBHIIHCH TIOJIOXKCHHUA, BIICPBBIC BBICKA3dH-
weie JI. C. MaaiHOBBIM, COTJIACHO KOTOPBIM B IPOLICCCE
JUHAMHYC CKHUX Z[G(I)OpMaI.[I/IOHHBIX MAPTCHCUTHBIX ITPEC-
BPAIICHUH MPOUCXOAUT HE TOIBKO YIIPOIHEHHUE, UTO OBLIO
OOIIEH3BECTHO, HO M PEaKcanysl HaNpsDKCHUI, obecte-
YHBAOIIAS MOBBIMICHHYE) PAa00TOCIOCOOHOCTh MHKPO-
00beMoB Metajua [12]. Kpome Toro, Ha pa3BuTHE qHHA-
MHYECKHX Ae(hOPMAIMOHHBIX MAPTCHCUTHBIX MPEBpare-
HHI PacxoayCTCA SHAYUTCIbHAA 1aCTh SHCPTHHA BHCIITHETO
BO3JICHCTBHS, H, COOTBETCTBCHHO, MCHBINAS €€ OIS HACT
Ha paszpymeHnue [ 13]. 9ToMy ClIOCOOCTBYOT CTPYKTYPHBIC
u Apyrue (pa3oBbic MPEBPAIICHIS, IIPOTCKAOIINCE IIPH J1e-
(¢opmanmu [14]. B HacTosmee BpeMs 3TO ABIACTCA 00-
MICHPU3HAHHBIM M 33a4aCTVIO TIPHBOAUTCA AJISI OOBSCHE-
HUS BBICOKOTO KOMIIJIEKCA CBOMCTB, moay4daeMoro B ITHIT-
craix. KommuecTBeHHAS OIIEHKA SHEPTHH, PACXOAYEMOH
Ha AC(OPMAIHOHHOC ¥ —> o "' MPCBPAIICHAC MPUMCHH-
TCJIBHO K a6pasnBH0My HU3HAIIWBAHUIO, TIPUBCACHA B pa-
oore B. C. Iomosa ¢ corpyaaukamu [15]. B padore [10]
TIPEITTOKEHO OTIPEICIIATD 3TY SHEPTHIO 3KCIICPUMCHTAITb-
HO ITO IUIOIMAAH IO I(pI/IBOI\/'I HU3MCHCHHUA KOTHICCTBA Map-
TEHCHUTA OT CTETICHH JIc(hOpMALIHH.

Yupasienne cTa0HILHOCTBIO AYCTEHNTA C TIEJIBIO ee
ONTHMH3ANHN NMPHUMEHUTETHHO K KOHKPETHBIM
VCJIOBHSIM HATPYKEHHSI — HEOOXOIUMOE YC/I0BHE

MOBBIIIEHHS CBOICTB CIVIABOB € METACTAGMILHBIM
aAYCTEHUTOM

VCTaHOBIICHO, YTO HAHOOJICE BRICOKOM KABHTAIMOHHOM
CTOHKOCTBIO 0011a1at0T 0MHO()A3HBIC ayCTCHUTHBIC CTATH
C ONTHMAJIFHOW KHHETHKOH Ae(OopMaIOHHBIX MapTCH-
CUTHBIX IpeBpanicHui. [IOBBIICHHAS WM IOHWKCHHAS
CTaOMILHOCTD ayCTCHUTA, TI0 CPABHCHUIO C ONTHMAIIBHOH,
CHIDKACT COIIPOTHUBICHUC PA3PYIICHHIO, YTO OOBSCHCHO
TEM, YTO B 3TOM CJIyIac MAPTCHCUTHBIC MIPEBPALICHUS HE
MOTYT B HEOOXOAMMOH CTEIICHH OOCCIICUUTh PEIAKCAIIIIO
HANPKCHUH U PACXOAOBAHUE SHEPTUU BHELITHETO BO3ACH-
cTBui [9]. belna Tarke 0TMEUEHA BAaYKHAS POJIb CBOMCTB,
00pa3yroImuxcs mpu A¢(PopMaHd MAPTCHCHTHBIX (Pa3, mX
JUCIICPCHOCTh M PABHOMEPHOCTH pacnpenencHus. [Toka-
3aHA HEOOXOAMMOCTH 34 CUET W3MCHCHHS XHMHHCCKOTO
COCTaBa CITABOB H 00PA0OTOK YIIPABJIATH PA3BHTHEM Map-

TCHCUTHBIX TPEBPAMICHUN MPH HATPY;KCHUH C LEIbI0 MX
ONITHMHU3AIMH JJI TTOTYICHHS BBICOKOTO YPOBHSI CBOWCTB
[17]. CymecTBeHHOE BIMSHUE HA YHPOUYHCHUC AyCTCHH-
Ta, €ro CTa0MIPHOCTD TIO OTHOIICHUIO K JHHAMIUCCKAM
Ie(opMaATHOHHBIM MAPTCHCHTHBIM NMPEBPANICHHAM H,
COOTBETCTBEHHO, CBOHCTBA CIIJIABOB C METACTAOMIBHBIM
ayCTCHUTOM OKA3BIBACT MPCABAPUTCIbHAS XONOTHAS U
Temas miacruieckas acopmanuu. B 3aBucuMocTtu ot
peKuMa HX MPOBEACHIS OHH MOTYT CTaOWIIM3HPOBATH WA
JiecTabWUIN3HPOBATH AYCTCHAT M HEOAHO3HAYHO BIIIATH HA
CBOWCTBA. JTO BIICPBBIC MOKA3aHO B padore [18] mpmme-
HHUTEJIBHO K KABUTAITUOHHON CTOMKOCTH XpOMOMAapraHue-
BBIX CTajeil. Eciu cTaas UMEET ONTUMATIBHOE Pa3BUTHE
Ie(OPMAITHOHHBIX MAPTCHCHTHBIX MPCBPAIICHAN TPH
MHKpPOYZAPHOM BO3JCHCTBUH, TO IPOBEACHHUE ITPEIBAPH-
TEJIbHOH XOIOTHOM IacTmieckoi nedopmanmu (Xmx),
BBI3BIBAFOIICH O0OPA30BAHME 3HAYUTEIHHOTO KOIHYCCTBA
MapTCHCHUTHBIX ()a3, HECMOTPS HAa 3HAYUTEIHHOE YIIPOU-
HCHHC CHIKACT KABUTAIMOHHYIO CTOMKOCTb BCIICICTBHC
VMEHBIICHH TIPHPOCTA MAPTCHCHUTA B IMPOIIECCE HCITbI-
TAHHHU MM JKCIUTyaTauuu. B pesynsraTe CHIDKAECTCA BO3-
MOXXHOCTH PEJAKCAUH HANMPSDKCHUH MPH MPOTCKAHUHT
Je(hOpMATMOHHBIX MAPTEHCUTHBIX IPEBPAILCHUM, UTO
YMCHBINACT KABHTAMOHHYI) CTOHKOCTh. AHAJIOTHIHBIH
Pe3yABTaT IMEET MECTO M B TOM CIIydae, KOTAa MO BIIH-
HHUEM TEIION Je(opManyy ayCTEHUT YPE3MEPHO cTadu-
JHM3UPYETCS, ITO TAK KE, KAK M B MPEABIIAYINEM CIIy4ac,
VMEHBIIACT MPHPOCT MAaPTEHCHTA Ac(HOPMALIIH U BO3MOXK-
HOCTb peJlakcallvy HanmpspkeHud. Ecam B cramix passu-
THE Je(OPMANHOHHBIX TPEBPAMCHUHA HE SBILFOTCS OII-
THMAIBHBIM, TO HEOOXOIUMO IPOBEACHHUE ITPEIBAPUTETb-
HOH nmedopMmamuu, KOPPEKTUPYIONICH WX B HY>KHOM
HAMPABJICHUH 7 CYIICCTBECHHOTO IMOBBIMICHUS KaBHUTA-
IMHOHHOH CTOMKOCTH.

W3yucHue BIHAHUA IPSABAPUTCIBHON TSILION Aedop-
MAaIWH Ha CTAOMIBHOCTD dyCTCHUTA M MEXaHUIECKUE CBOH-
CTBA Psia XPOMOMAPTAHICBBIX CTAJICH MOKA3aJ0, UTO
TOJIBKO 00paboTKa, 00ECIICUNBAOIIAS ONTHMAIBHOE Pa3-
BHTHEC MAPTCHCUTHBIX IIPEBPAIICHIH B YIIPOYHCHHOM aycC-
TCHHUTE, TI03BOILICT IOy UHTh HanOoJee BHICOKHH YPOBCHB
MeXaHmICCKUX cBoiicTB. Tak B ctamm 04X 13ATI8 ¢ upes-
MEPHO HHTCHCHBHBIM ITOCTIC 3aKAIKH JHHAMHICCKHIM JIe-
(hOopMAITMOHHBIM MAPTCHCUTHBIM IIPEBPANICHUEM IIPH HA-
rpyxennn aedopmammst nipu 150 °C va 47 %, ymeHbma-
Omas 10 OIPEIACICHHOTO0 YPOBHA CTaOHUIBHOCTH
ayCTEHHUTA, MO3BOJIICT MOIYYHTH XOPOIIEE COUCTAHUC
MEXAHHUYCCKUX CBOUCTB: Gy, = 1500 MITa, 6, = 1550 MI1a,
b =17 % [19]. Hanporus, B cramu 10X17AT"10 ¢ moBsI-
IICHHOM CTAOWIIBHOCTHIO aYCTCHHITA XIT CO CTCIICHBEO 35 %0,
mpuBoAsIIAs kK odpazosanuo 10 % o-mapreHcura u, co-
OTBETCTBEHHO, aKTHBH3HPYIOIIAS 00pa30BaHUE MapTCH-
cuta AchopManHMK MPH HUCHBITAHUIX MECXaHHICCKHUX
CBOHCTB, 00ECIICUHBACT MOIYUCHHE TEX JKE MPOTHOCTHBIX
CBOWCTB, uTo 1 B cramu 04X 13AT'S, HO mipu 0ojIee BBICO-
Ko macTHIHOCTH (8 = 27 %). s onramMu3sanim aehop-
MAI[MOHHOTO MAPTECHCUTHOTO MPEBPAIICHHS HEOOXOIMMO
TPSABAPUTETBHOH e (hopMALHCi CO3AATH OMATOMPHATHYEO
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JUCTOKAIIMOHHYIO CTPYKTYPY B OOCCIICUHTH €T0 YIPOd-
HEHHE, a TAKXKE JUCIIEPCHOCTh W PABHOMEPHOCTH PacIpe-
JmerneHus o0pasosaBiuxcs (a3 (MapTeHCHTA, KApOHIOB,
KapOOHHUTPHUIOB U IP.).

B cramix, B KOTOPHIX ayCTEHHT IPEBPAINACTCS B a-
MAapPTEHCHUT B OCHOBHOM IIPH OXJIXKACHUM HIH Y —> o '/
TIPEBPANICHUE HHTCHCHBHO MPOTEKAET IpH Ac(opmarum,
MpeABAPUTEIbHAS 00Pa0OTKA JODKHA 10 OMPEACICHHOTO
Tpeziesia CTabuIM3HPOBATh AyCTCHUT, HAIIPOTHB, B CTAILIX
€ MaJIOH (IPOTHB ONTHMATBHOH ) HHTCHCHBHOCTHEO 1e(hop-
MAaI[OHHOTO MAPTEHCHTHOTO IPEBPALICHI HEOOX0AMMA
00paboTKa, aKTHBH3HPYIOIIAS €T0. B pesynerare 10CTH-
TaeTCA BBICOKHH YPOBCHb MPOYHOCTHBIX CBOUCTB MPH J10-
CTaTOYHOM MIACTHYHOCTH. Ha OCHOBAHMM HCCIICIOBAHMIT
craneii ¢ 13-14 % Cr; 8-12 % Mn; 0,1-0,5 % C, a Taxoke
CIIO’KHOIIETHPOBAHHBIX JHUCIIEPCHOHHO-TBEPACIOIIHX
0BX13AT 12MJID, 10X10ATSM/RDC, 15X 13 AT 12M/12DC,
30X10AT8M3 /120 2, OTTHIAFOIIUXCS HCXOTHOH CTPYK-
TYpOH W CTAOWIBHOCTBIO AYCTCHHTA, YCTAHOBICHO HEO-
JHO3ZHAYHOE BIMSHHUC XHMHHYCCKOTO COCTABA CTAH, CTe-
MICHU W TeMIEPaTypsl ae()OpMUPOBAHKS HA Pa3BUTHE
vy — o'’ mpeBpameHus mpu HarpykeHuu [20, 21]. B ma-
noyrepogucteix cramax ¢ 0,1-0,3 % C, 8-12 % Mn;
13-14 % Cr, Temnas mmactudaeckas acopManus (TI)
mpokarkoi Ha 20 % B mHTEpBane (300-800) °C cTabumm-
3upyer aycteHut. Hammporus, mpokarka mipu 650-800 °C ¢
obxarmsvu 50-80 % Be3bIBacT ero aecradmmm3anuro. [1o
Mepe CHIDKEHHUS TEMIIEpaTypsl mpokarku 10 550 °C aktu-
BHBHPYIOIIEE BIISIHHC OONBINNX CTENeHEH aedopMarmn
ymenbmaercs, a mpu 300 °C mposBiseTcs Ioa uX BIHs-
HHUEM CTa0MIM3anyst ayCTeHUTa. B cTanu ¢ moBBIICHHBIM
conepxxanmeM yriaepona (0,5 %) nedopmanms mpu 800 °C
TIPH BCEX CTCTICHAX OOXKATHA ACCTaOMIH3HPYCT AyCTCHMT.
Uem OospIie Maprafiia ¥ MEHbIIE YITIEPOJA B HCCICAO-
BaHHBIX XPOMOMAPTaHIEBBIX CTAJLIX, HIDKE TEMIICpaTypa
nJedopmannu B mHTEpBaTe 800-300 °C, Tem merde pea-
Jm3yercs crabunm3anus aycreHuTa. [1oBbImenue comep-
JKaHUA yrepoaa B cramwix 10 0,5 % u TeMmeparypsl ie-
(hopManmu 00JICTIAIOT ACCTAOHIM3AIHEO ayCTeHUTA. Pac-
CMOTPEHHBIC 3aKOHOMEPHOCTH OTHOCATCS K CIIY4ar0, KOIIa
Aeopmanust MPOBOIUTCA IPH TEMIICPATypax Beime M.
ITpu Temmeparypax acdopmanum Hivke Mo obpasyercs
MapPTCHCHT, KOTOPBIH OKA3bIBACT CYIICCTBCHHOC BIMSTHHC
Ha mocneaytomniee 1e(hpOpMALHOHHOE MAPTCHCHTHOE TIPE-
ppamenue. Eciu B pesyaprare Xmm o0pasyrorcs e (eKTh
VIIAKOBKU WM HEOOMBINOE KOIMYECTBO - M €- MapTCH-
cutHBIX (pa3 (£ 30 %), MPONCXOTUT HHTCHCH(DHKAIIHS TPC-
BpamicHusL. B ToM ciryuae, koraa mpeasapuTenbHas aedop-
Mamnus BBI3BIBACT 00pa3oBaHue > 40 % MapTCHCHTA H CY-
OIECTBEHHO YIPOYHAECT AyCTCHHUT, IMOCJIEAYIOIIEE
MapTEHCUTOOOPA30BaHUE TIPH Ae(HOPMHUPOBAHHUH 3aTPYI-
HACTCS. DJICKTPOHHOMHKPOCKOIIITUECKUE HCCICAOBAHMS
MOKA3aJIH, YTO CTadWIM3anus ayCTeHUTA IpH Acdopma-
UM ITPH TEMIIEpaTypax sbime M cesa3zaHa ¢ popMuposa-
HHCM STUICHCTOH CYOCTPYKTYPBIL. BakHYIO POIIb MOYKET HT-
parthb 3aKpenyicCHIE AUCIOKAIMI aTOMAMH YIJIEPOaa, a30-
Ta, JICTHPYIONINX 3JIEMCHTOB M TUCTICPCHBIMHA JaCTHIAMH
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(ha3 BBIIENCHAS. DTO BBI3BIBACT YBEIMUCHUC JHEPTHH JIe-
(heKTOB yakoBkH (3y). AecTadumm3amms ayCTeHATa 00yC-
JIOBJICHA 00pa30BaHMCM IS()CKTOB YHAKOBKH, OOCTHCHH-
€M ayCTCHHTA YIJICPOAOM, a30TOM H JICTHPYIOIIMMH 3JIc-
MCHTAMH, BCJICACTBHUC BBIACICHHAS OONBINOTO KOTHICCTBA
KapOuaos u KapOoHuTpHAoB. CTadbmwm3auusa u xecTadu-
TM3anWs SIBILTFOTCS KOHKYPHPYIOIIMME B TIpo1iecce e dop-
Marun. B 3aBHCHMOCTH OT yClIOBHH Ie(hOPMUPOBAHUS
OAHH U3 5TUX (JAKTOPOB OKA3BIBACT MPEOOIAAAFOIICE BITH-
STHHUC.

[NonayueHHBIC JAHHBIC MOKA3BIBAIOT, YTO HAHOOJICE
BBICOKHH YPOBEHB MMPOYHOCTHBIX H INIACTHYCCKIX CBOICTB
MOYKET OBITH TIOJYUCH, KOTJa B YIPOYHCHHOM TEILIOH J1e-
(hopMamueH ayCTCHUTE C(POPMHUPOBATACH TICHCTAA CTPYK-
Typa ¢ pa3MepoM sueek 1-3 MKM u 00CCTICUHBACTCS T0-
CTEIICHHOCTb PA3BUTH Y —> O. '’ IPEBpamICHIs, OOIbIIast
JIHCTICPCHOCTh MAPTCHCHTA H HCKJTFOUACTCS €TO XPYIKOCTD.
INocmeanee 00OyCIOBICHO MOBBIUCHHBIM COOCPKAHUCM B
HCM yII€epoaa. Bcesmuc 9THM, OIITHMAJIPHOC KOJTHICCTBO
MAapTCHCHTA, 00PA3YIOIICECA K MOMCHTY Pa3pyIICHHS 00-
pasnua npu HCUbITAHUAX MEXAHHMICCKUX CBOI\/'ICTB, pa3iama-
HO B 3aBHCHMOCTH OT COOCPKaHUA B HEM yraepoaa. OHO
MOKET OBITh 3HAYATCIHHO OONBING [T MAJIOYTICPOIHC-
TBIX CTAJCH MO CPAaBHCHHIO C BBICOKOYITICPOOAUCTBIMH.
TMocme Tox craneit 10X13T12 w20X13T712 ¢ oOkaTHAMH
60-80 % mpu Temmeparypax 350-550 °C ¢ yueroM ym-
POITHCHHA AyCTCHUTA U ONTHMH3AIIHH I[e(l)opMaI.[I/IOHHOFO
OPEBPAICHUA IMOJYYCHBI CICAYHOIHAC MCXAHHICCKHUC
CBOMCTBA: Gy, = 1220-1400 MI1a; o, = 1360-1600 MITa;
d = 15-30 %; v = 25-40 %; KCU = 0,8-1,5 M/Dx/Mm°.
Buaumanua 3acayxuBacT 00padOTKa, MPSIyCMATPHBAKO-
1as TEIUIYEO IUIACTHYECKYIO0 e (pOPMALIHEO TIPH TEMITEpa-
Type HA 20-50 °C HIke M, KOT1a B HCCIICAOBAHHBIX CTa-
JIX HAOTMFOTACTCS CYIICCTBEHHOC MOBBIICHUC IIACTHY-
HOcTH. B pesynsrate Takol oOpadorkm (opmupyeTcs
STMEHCTAsA CYOCTPYKTYPa M 00pasyercs HeOOMbIIOe KOIH-
YECTBO TUCICPCHOTO MAPTCHCUTA. DTO MO3BOJLICT TOMY-
YUTHh COYCTAHUE ITOBBIIICHHOM TPOIHOCTH U INTACTHIHO-
CTH.

IIpensapuTenbHas Xma, TaK JKe KaK M T, HEOTHO3-
HAYHO BIMIET HA CTAOHMIBHOCTH AyCTCHHATA IO OTHOMIC-
HHIO K TOCTICAYIONEMY AS()OPMANHOHHOMY MAapPTCHCHT-
HOMY TpeBpameHnto [22]. OHa €10 MOKST HHTCHCH(H-
LUPOBATh HUJIH 3aTpyaHATH. [lepBoe OOJLKHO
HCIOIB30BATHCSA B CTANAX C BBICOKOH 311y H, COOTBETCTBCH-
HO, MaJIOi CKJIOHHOCTBE) K MAapPTCHCHTOOOPA30BAHHIO
(crams 30X 10ATSM3 12DC2). [ng 31010 Hemecoodpas-
HO TIPOBOJHUTH MPEABAPUTEIBHYIO () OPMAITHIO TPH OT-
pHIATETBHBIX TemmepaTtypax. CTaOmimm3anus ayCTCHHTA
K MOCTCAYIOIEMY Y —> O '/ IIPEBPAIICHHIO HMEET MECTO
TOIOa, KOLAa B PE3YAbTaTe MPEABAPHTEIBHOM Aedopma-
ouu 00pas3yeTcsa OONBINOC KOTHYICCTBO MAPTCHCHTA
(= 60 %) nnmm popMupyeTcst STIECHCTAsT AUCITOKAIIMOHHAS
cyocTpykrypa. OOBIMHO XTI, IIHPOKO HCHOTb3yeMast s
VOPOYHCHHUA AYCTCHUTHBIX CTAJICH, MPOBOAUTCS O3 yue-
Ta cTaOUIBHOCTH AyCTCHHTA. B CBA3H ¢ 3THUM 4acTo HE
MOKET OBITh PCATH30BAHA HAHOONBINAS MPOYHOCTD, T.K.
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TIPH 3TOM CYIICCTBEHHO CHIKACTCS TUTACTUYHOCTh. YCTa-
HOBJICHO, YTO XIIA JaeT HauOompmui 3(h(ekr B TOM CIIy-
yae, KOIJa JICTHPOBAHHUEM WIIM TPEABAPHUTCIBHON 00pa-
OOTKOH B CTAIHM MONYYICHA OMPCICICHHAS CTA0WIBHOCTD
ayCTCHHUTA. YKA3aHHOE TPSOOBAHHE BHIIONHACTCS B CTa-
mwix 20X13I'12 u 10X12AT8M2PC. Tocxe npensapu-
TEIBHOH XTI CO CTENCHAMH 25 %, KOraa OCHOBHOC pas-
BHTHE MAPTCHCHTHOTO MPEBPAIICHIUS B YIIPOYHECHHOM dycC-
TEHHTE IPOUCXOJHMT B IPOLECCE MCHBITAHUH
MEXAHMYIECCKHUX CBOMCTB, MOTYYCH BBICOKHH AT ayCTCHHUT-
HBIX CTaJICH YPOBEHb MPOYHOCTH IIPH JOCTATOMHOH IIIac-
THYHOCTH: G, = 1000-1200 MIIa; 6, = 1370-1450 MI1a,
3 =25-29 %. Jedopmarms ¢ odxaruem 50 % mo3Bomser
TOJIyYHTh CJICAYIOIIMC MCXaHHUCCKUC CBOWCTBA: O, =
= 1650-1780 MIla, o, = 1800-1850 Mlla, & = 7-9 %.
Pa3pa0oran opuruHAIBHBI CHOCOO YIPOUHECHHA ayCTe-
HHTHBIX MCTACTAOHIIBLHBIX CTAJICH, 00CCIICUNBAFOIIHI II0-
JyYCHHE TOBBIMICHHOTO YPOBHS MPOYHOCTHBIX CBOHCTB
TIPH COXpaHeHuH Xopoureii mracruaHocTH [23]. CyTs cro-
co0a 3aKITF0YACTCS B TOM, UTO CTAJH MOCIIE 3aKAIKH MO/~
BEPraroT IBYKPATHOH XOIOAHOH IIACTHYECKOH nedopma-
UK C TPOMEXKYTOUHBIM KPAaTKOBPEMEHHBIM O€3PEKpHC-
TaJUTM3ALMOHHBIM HATpeBoM. [lepBas Xma mpoBoauTcs ¢
obkarueM 30-50 %, B pe3yibraTe KOTOpOi 00pa3yroTCs
o "'~ 1 e- a3pr. CreneHp nedopMaIy OrpaHHIHBACTCS
VCIIOBHEM NPEAYTIPESKICHIS TPEIIUH. Tak B METaCTa0MITh-
HOM aycteHuTHOH cramm 10X 161712 mocne X ¢ o0kaTh-
eM 40 % mocTuracTcd CACAYFOIIII YPOBCHD MCXAHHICC-
KHX CBOHCTB: Gy, = 1490 MIla, 6, = 1510 MIla, 6= 5.5 %.
Iocmeayromuii KPATKOBPEMEHHBIN HATPEB A0 TEMIEPa-
Typ 650-750 °C obccreunBacT 3aBEPIICHHUC TEPEX0Ia
MapTeHCHUTHBIX (ha3 B aycTeHUT. [Ipu 3TOM HCKIFOUAETCS
MPOTEKAHKE PEKpHUCTAIIH3aImy. [locne oxmaskaeHus 00-
pasyercs ayCTCHHTHASI CTPYKTYpa C MOBBINICHHOH ILIOT-
HOCTBIO JUCTIOKAIMH. B pesymsraTe NOIyUeH CICIYIOMMI
YPOBCHb CBOWCTB: G, = 988 MIla, o, = 1430 MIla,
3=31 % (B 10 BpeM: Kak roce o0brMHOM 3arkanku ¢ 1100 °C —
S 450 MITa, o, = 1220 MIla, 5 = 48 %). Oxor4aTemn-
Has pedopmanma mpoBoauTCa ¢ oOkaTreM He 6omee 20—
25 % AT OMTUME3ALHA PA3BHTHSA AC(DOPMAIOHHBIX Map-
TCHCHUTHBIX NPeBpallcHu. Takas MEXaHUKO-TEPMOMEXA-
HI4eckas 00padorka (MTMO) 103BOISIET MONYYHTH TIPH
TOM & MPOYHOCTH, YTO MOCIE OAHOKPATHOM XIIJ (00)2 =
1470 MITa, 5, = 1600 MIIa), MOBBIIICHHY KO MIACTHYIHOCTh
(6 =22 %). Tomoxurenpueri 3¢pdpexr MTMO o6ycios-
7eH (OPMHPOBAHUEM B AYCTCHUTE OJIATONPHUITHOH ¥C-
JIOKAMOHHOH CTPYKTYPBI, €€ HACICAOBAHUEM MAPTCHCHT-
HBIMH (pa3aMu, 0OPa3yIOMMMHUCS HMPH 3aKIIOYHUTEIbHON
Jedopmannu, uX OOJTBIION TUCTICPCHOCTHIO H PABHOMED-
HOCTBIO paCIIpe/IC/ICHUsI B CTPYKType. BaxkHyro ponb ur-
pacT ONTUMM3ALM PA3BUTH MAPTCHCUTHBIX IIPEBPAIIe-
HU IPH HUCHBITAHUN MEXAHUYECKUX CBOMCTB. ITomy4eH-
HBIC JAHHBIC TI03BOJLIIOT 3aKIFOYHTh, YTO B PAZIC CIyIacB
nocieTHUH (haKTOp UIPacT OCHOBHYIO POJIb, €CIIH ayCTe-
HUT CTAITH HMEET CTA0MIBLHOCTD, CHIIBHO OTTHYAOIYFOCS
OT ONITHMATBHOH. PaccMOTpeHHbIe BhIIIE CIIOCOOBI 00pa-
OOTKH C WCIOIB30BAHHEM AC(DOPMALMH OTIHIAIOTCS OT

npennoskeHHOro B, @, 3axero n E. P. [Tapkepom mos [THIT-
CTaJICH TEM, ITO OHHM MOTYT OBITH BEChbMa PAa3HOOOPA3HEL,
T.K. YUYUTHIBAFOT HCXOTHYIO CTaOMIBHOCTH ayCTCHHTA H
HAIPABJICHBI HA €TO YIIPOYHCHHE W PETYIMPOBAHAC Map-
TCHCUTHBIX ITPEBPALICHUH, POTEKAIOIINX TIPH HATPy>Ke-
HUM PUMECHUTETHHO K KOHKPETHBIM YCIOBHSM HCITBITA-
HUH WM SKCIUTyaranud. [ Ipy 3TOM ayCTEHUT MOXKET OBITH
KaK JecTabMIN3HpOBaH, TAK U CTA0OMIN3NPOBAH. TEXHO-
norua ynpounenus ITHII-cranelt mpexycMaTpuBaeT ym-
pOYHEHHE AyCTEHHUTA WM ero aecradmnmzammo [24]. Ilo
HAIIEMY MHCHHIO, OHH HE HOBBII KIACC CTANCH, KaK 3TO
TIPHUHATO CUUTATh, 4 JHIb PA3HOBUAHOCTH AYCTCHUTHBIX
METACTAaOWIBHBIX, T. K. B HUX IPOSBILIFOTCS TE XKE 0CO-
OcHHOCTH, 4YTO M B 0OIcEe YKOHOMHYHBIX XPOMOMApTaH-
neBbIx cramwax. K negocrarkam ITHIT-cTanelt oTHOCATCS:
BBICOKAsI CTOMMOCTb, TPYIHOCTB OCYIIECTBICHHS OOIbINHX
creneHel ne()opManiy MPH CPABHUTEIHHO HEBBICOKHUX
TEMIIEPaTyPax, OTPAHHYCHIS TI0 COPTAMEHTY (JIHCT, TIPO-
BOJIOKA, IPYTOK). YUUTBIBAS BHICOKYIO CTOUMOCTb 3JIEMEH-
1oB (Ni, Co, Mo), conep>kammxcs B [THII-cramix, caeay-
€T CUUTAaTh NEPCIEKTHBHBIM CO3JAHHE SKOHOMHOICTHPO-
BaHHBIX XPOMOMAPTAHIEBBIX CTAJICH C METACTA0MIBHBIM
ayCTCHUTOM M Pa3pabOoTKy JIETKO PEaTH3YEMBIX B IPOH3-
BOJICTBE CIIOCOOOB YIIPOUHEHMS UL PA3IHMYHBIX COPTa-
MCHTOB CTaNcH, yIuThIBatOmmX MX ocodeHHocTu. K Ta-
KuM 00paboTKaM MOKHO OTHOCTH 3aKAJIKY C Pa3IHTHBIX
TEMIIEpaTyp (B TOM YHCIIE CTYIICHYATYIO U H30TCPMHIICC-
KYI0) M OTIIyCK, HO3BOJLIIOIINE YIIPABIATh CTAOMIBHOC-
ThEO aycTeHuta [25]. [TokazaHo, 4T0 HU3KOTEMIEpATyp-
HBIH ormyck npH 250-300 °C mpoaoIDKUTEIBHOCTHIO 10
3 1 cTabWIM3UpyeT ayCTCHUT IO OTHOLICHHMIO K Aeopma-
IOHOHHOMY MApTCHCHTHOMY IPEBPAINCHUIO. JTO OOBsIC-
HACTCS MOBBIICHUEM J1y. [locennee 0OyCIOBIECHO TEM,
YTO TPH HU3KOTEMIIEPATYPHOM OTILYCKE IPOUCXOTUT 00-
Pa30BaHME CETPETAIMHI PA3IMIHBIX JICMEHTOB HA JHUCIIO-
KaIWAX, 9TO 3aTPYAHSACT MX pacmieruieHrne. Kpome Toro,
3TO MOBBIIIACT MPEIEI TEKYICCTH B TPEOYET TOMOIHUTETh-
HBIX SHEPICTHUCCKHX 3aTPaT HAa POCT MAPTCHCUTHBIX KPH-
cranoB. Ormyck mpu 450 °C 0Ka3pIBACT HCOTHOZHATHOC
BIUSHHE (B 3aBUCUMOCTH OT BPEMEHU BBIICPKKH) HA MPO-
TEKAHHE MAPTCHCUTHOTO MPEBPAIICHIUS ITPH ¢ (hOPMALIUH.
[Tpu remmeparypax, npesbrmaromux 450 °C, mpossiser-
CA AcCTa0MIH3aIA ayCTCHUTA, OOYCIOBICHHAS BBIICTIC-
HHEM KapOuaoB (KapOOHWUTPHIOB W HHTCPMETAILIHIOB)
[26]. D70 cHIKAeT 3xy. OOHAKO, MOTYT HMETh MECTO CITy-
YaH TOBBIICHUS Y1y M YBETHICHI CTAOMIBHOCTH ayCTe-
HHUTOB, KOTAa 00Pa3yIOTCA IMPEABBIACICHHS UM OYUCHb
JUCTICPCHBIC YAaCTHITH YIPOUHSIOMIX (a3, 3aTpyHsFoImme
PpACIIENICHAE AUCTOKAIMHA. PAaCCMOTPHM BIUAHHE HH3KO-
TO OTIIyCKA HA CBOWCTBA CTAJICH C HHTCHCHBHBIM MapTCH-
CHUTHBIM NPEBPAIICHUEM TIPH HATPy>KCHUH. Tak B 3aKalcH-
Hoit cramm 30X10I"10T ormyck mpum 300 °C B TeueHwme 3 4,
CHIDKAS MHTCHCHBHOCTD 1€(hOPMAIMOHHOTO MAPTCHCHT-
HOTO MPEBPAIICHHS, MOBIIACT VIAPHYO BA3KOCTh KCU
¢ 1,9 mocre 3akamku 10 2,8 M/bx/M2. DddexrusHO mpu-
MCHEHHE HHM3KOTO OTIIYCKA TMOCHE XIIA 7S ITOBBIICHUS
MexaHudeckux cBolcTe. [locae xma B cranm
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10X10ATSM/I2PC co crencHbio 20 % v — o "' mpespa-
MICHUE TPH MEXAHWYCCKUX HCIBITAHUSIX PAa3BHBACTCS
OYCHb HHTCHCHBHO. JTO MPUBOANT K CHIKCHHIO TUIACTHY-
HOcTH (O) ¢ 30 % (mocme 3axamkm) a0 10 %. HomomHu-
TeapHBIH oTmyck mpH 350 °C (1 ¥), CTa0MIH3HPYIOLIIHA
ayCTCHUT TI0 OTHOUICHHIO K 1e()OPMALIMOHHOMY MapTCH-
CHUTHOMY HPEBPAIICHHUIO, TIOBBIIIACT HIPOYHOCTHBIC U IUIA-
CTHYCCKHE CBOMCTBA: Gy, © 1160 mo 1220 Mlla, 5, —
¢ 1270 no 1360 MIa, d—c 14 1029 %, w—c¢ 15 10 55 %.
Coueranue xma ¢ obkarueM 50 % u ormycka npu 350 °C
(1 ) cramu 20X 13112 00eCICUHBAFOT XOPOIICE COUCTA-
HHC CBOUCTB: G , =1600-1670 MI1a, 5, = 1720-1790 Ml 1a,
5 = 8-10 %, y = 35-40 %. BrICOKHI OTHYCK CICAYCT
MPUMCHATH IS MOBBIMICHUS MEXaHHICCKHUX CBOMCTB
AyCTCHHUTHBIX CTAJICH C MOBBIMIEHHON 31y U, COOTBET-
CTBCHHO, CTAa0MIbHOCTHIO ayCTCHUTA MOCIE 3aKaIKH. Tak
Harpes Ha 650 °C wm BBIAepkka | 4 cramm
30X10AT8M3 120 C, BHI3HIBAKIIKC ACCTAOHTH3AIMIO
ayCTCHHTA, MPUBOIUT K BO3PACTaHKIO G, , ¢ 540 10 680 MIa,
6, =< 750 1o 1000 MITa 1 COXpAHSKOT BBICOKYEO IIACTAY-
HOCTB — & = 57 %, v = 58 %, 4T0 00YCIIOBICHO MOCTEIICH-
HBIM Pa3BUTHEM A€(HOPMAIOHHOTO MAPTEHCHTHOTO TIpe-
BpAIICHUS TIPH UCHBITAHUIX MEXaHHYCCKUX CBOMCTB.
Otmyck 31oit cranu npu 750 °C MPUBOIUT K BBIICICHHUIO
KapOWIOB IO TPAHUIIAM 3E€PCH, YPE3MEPHO HHTCHCH(H-
LUPYET ¥ —> o'’ MPEBPAIICHUE IPH UCTIBITAHUAX MEXa-
HUYCCKUX CBOHCTB, UTO CHIDKACT YPOBEHD ITACTHIHOC-
1. [IpuBEICHHbIC TAHHBIC TIOKA3BIBAIOT, YTO IIPH OTILyC-
K€ BAaXXHO YIPOYHHUTH AYCTCHHT, MCKIIOYHUB
MIPECHMYIIECTBEHHOC BBIACICHHUE YACTHUI[ IO T'PAHUIIAM
3€peH, a TAaKKE ONTHMH3HPOBATh PA3BUTHEC MAPTCHCHT-
HOTO A€(OpMAIIMOHHOTO TIPEBPAIICHHUS.

Bonpimoe BIMAHNE OKA3BIBACT YIIPABJICHHUE PA3BHTH-
€M MApTCHCHTHBIX ITPEBPAIICHANA B MECTACTA0MIBHBIX dycC-
TECHHUTHBIX CTAJLIX HA WX CONMPOTHBJICHHE PA3PYIICHUIO B
PA3NHYHBIX YCIOBIAX H3HAIMUBAHUA. [[pHMEHUTEIEHO K
BBICOKOYTJICPOVCTHIM CTAJLIM C 00JIee HH3KHM COACPIKa-
HHEM Mapranna, yeM B 110I'13J1, ycTaHOBIEHO, YTO IpH
OTCYTCTBUH YAAPHBIX HATPY30K /IS TOBBIIICHUS A0pa3uB-
HOM M3HOCOCTOMKOCTH KOJMYECTBO MAPTAHIA TOJKHO
ObITh 4—8 %, a TeMTICpaTypa HATPEBA MO 3aKAIKY — 800—
900 °C. B psaze cnydaes menecoo0pa3Ho MPOBOIUTE BEI-
cokuit oTmyck mpu 650 °C, mecTaOHaM3HpyrOmuii aycre-
HUT, YTO OOCCIICUMBACT €r0 APMUPOBAHHE KapOMIaAMHU
(xapOOHHUTPHIAMH)  HHTCHCHBHOC IIPCBPAILCHAC B Map-
TEHCHUT Je(pOpMALUH P BO3ACHCTBUY a0pa3HBHBIX Hac-
T, [Tpn HeOOXOAUMOCTH UMETH MTOBBIIICHHYO IIACTHY-
HOCTh W YIAPHYIO BS3KOCTH, BBICOKYHO VIApHO-aOpa3us-
HYEO H3HOCOCTOMKOCTD CIIEAYET YBEIHYIHTb COACPKAHHUC
Maprasuma 10 8—10 %, mpoBoaUTE 3aKANKy ¢ 00ICC BBICO-
kux Temmeparyp (1000-1050 °C), ucronp30BaTh HA3KO-
TEMIICPATYPHBIH OTIYCK, CTAOMIH3HPYIOIINH ayCTCHUT IO
OTHOIICHHIO K THUHAMHYECCKOMY Ac(opMaIOHHOMY Map-
TECHCHTHOMY IpeBpanicHuro [27]. AudhepeHInpoBaHHBIH
TOIXOMT K BBIOOPY XMMHUYECKOTO COCTaBA paccMaTpHUBac-
MBIX CTAJICH M PSKUMOB HX TSPMOOOPAOOTKH MO3BOJIACT
TIOBBICHUTB IOJITOBEYHOCTH AeTanei B 1,5-2,0 pasa mo cpas-

98

HEHHIO C YPOBHEM, obecnicunBacMbM 110I'13J1. AGpasus-
Hasl H3HOCOCTOMKOCTH MOCIICTHEH TAKKE MOXKET OBITH Cy-
IICCTBCHHO YBCTHYCHA KOMOHHHPOBAHHOH 00paOOTKOH,
BKJTIOYAIOLICH MPEABAPUTEIBHBIIN OTKHT IIPH TEMIEPATy-
P& MHHHMATBHOH YCTOMYMBOCTH ayCTCHUTA K €T0 MPEBPA-
IICHUIO B (DCPPHUTOKAPOMIHYIO CMECh, H TOCIICAYIOIIYEO
3aKaJIKy C ITOJIyUCHHUEM METACcTaOMIIbHOTO ayCTCHUTA, ap-
MHPOBAaHHOTO KapOMIAMH.

AVCTCHHTHBIC METACTA0WIBHBIC CTATH CYIICCTBCHHO
MPEBOCXOST II0 H3HOCOCTOMKOCTH B YCIOBHSX CYXOTO
TPCHUA CTaOHJIbHBIE AYCTCHUTHBIC W BBICOKOYTJICPOOAUC-
TYI0 MAPTCHCHTHYIO CTAIH. B MeTacTaOMITbHEBIC AyCTCHHUT-
HBIC CTAJIH U MOBBIIICHHS HX H3HOCOCTOWKOCTH IIPH Cy-
XOM TPCHHH TEICCO00pasHO HapAay ¢ xpomoM (10-12 %)
u MaprananeM (8—10 %) Beoauts kpemunit (~1 %), BaHa-
muii u Huoomi(0,1-0,5 %). CogeprkaHue yriepoaa, eCim
HE TpeOyeTcsl MEXaHMIECKast 00padoTKa, JOIDKHO COCTaB-
nare 0,4-0,6 %. B cnyyac mpuMCHCHHS TIOCICIHCH, €TO
KOJTHYICCTBO JOJDKHO OBITH CHIDKCHO ~ B 2—3 pasza. Ycra-
HOBJICHO, YTO MPH HEJOCTATOYHO AKTHBHO MPOTECKAIOIIEM
Je(hOpMATHOHHOM IIPEBPAINCHI 111 TIOBBIICHAS H3HO-
COCTOMKOCTH 1I€TIeCO00Pa3HO MPUMEHECHUE CTApPEHHUS U
X1, aAccradumm3upyronmx aycteHuT. Hanbomee 3 dex-
THBHO HX coucTaHHe. OTMCUCHO, UTO MPH CYXOM TPCHHH
CKOJTHKCHHS M KAYCHUH TPCOYeTCA HCOIMHAKOBAS CTAOHTb-
HOCTb ayCTCHUTA. [IJI1 KOHKPETHBIX YCAOBHU CYXOro Tpe-
HUSI HEOOXOAMMO 32 CUET MoA00pa XUMHICCKOTO COCTaBa
H TCpMOOOPaOOTKH OMTHMH3HPOBATH PA3BHTHE AC(opMa-
IHMOHHBIX MAPTECHCHUTHBIX HMPEBPAILCHAH, YTO 00CCIICUH-
BacT HAMO0J1eC BRICOKYIO H3HOCOCTOWKOCTSH [28]. B pabo-
T [29] u3y4anace H3HOCOCTOMKOCTD MPH CYXOM TPEHHH
CKOJIBKCHHUS OONTBIION TPYIIBI MAJIOYTIACPOIUCTHIX Map-
TAHIOBHCTHIX CTajicH. Hanbopimee COmpoTHBICHHE H3-
HAIIUBAHUIO HMCCT MCCTO B CTAJLIX, B MOBCPXHOCTHOM
CJIO€ KOTOPBIX NPH HCHBITAHHAX C HAHOONBIICH IOIHO-
TOHM MPOTEKAeT Je(OpMANHOHHOE ¥ —> o '' mpeBpare-
HHC. .HGFI/IPOBaHI/Ie XpOMOM MOBBIIIACT, 4 HUKCTIEM — CHHU-
JKACT U3HOCOCTOMKOCTB. YCTAHOBJICHO, YTO B MPOLECCE
TPEHUSI HA TIOBEPXHOCTH IIPOTECKAIOT 0OpaTHBIC IPEeBpa-
IECHAA € —> Y U O "' — Y, KOTOPBIC TAKKE CHIKAKOT H3HO-
COCTOHKOCTB.

YCTaHOBJICHO CYIIECTBEHHOE MPEHMYIIECTBO B ra-
30a0pa3uBHOH m3HOCOCTOHKOCTH crancii Fe-Cr-Mn-C
C METAaCTaOMIBHBIM ayCTEHUTOM IIO CPABHEHHIO CO CTa-
apro 12X18H10T [30]. Haumy4mue pe3ynasTaTsl MOKa-
3ama cranp 20X13AT10MJ2®C. Ona B 2-2,5 pa3a B
IIMPOKOM JHAIMA30HE YIIIOB aTaku (10 o = 60 °) mo u3-
HOCOCTOMKOCTH IPEB30IIIA H3BECTHYIO XPOMOHHKEIE-
BYIO CTallb. XpPOMOMAPTAHIEBAS CTATIh HMEET BBICOKYFO
KOPPO3HOHHYK) CTOMKOCTh B YIICBOAOPOAHOU H CEPO-
BOIOpoacoaep xamet cpeaax. OOpa3Ibl, H3TOTOBICHHBIC H3
HEe, YCTICTITHO IPOIIITH MPOMBIILICHHBIC HCIIBITAHKS, BHIICD-
JkaB 0¢3 paspymicHus (B TCUCHHE 6 MEC.) PACTATHBAIOIIYIO
Harpy3ky P = 6000 H, B 1o Bpems, kak crans 12X18H10T
Pa3pyIIIIIACh P HATPY3KE B 2 Pa3a MEHBIICH. JTO ITOKa-
34510 1ETeCco00Pa3HOCTh M3TOTOBICHIS Psiia AETajcH ra-
30IPOMBICTIOBOTO 00OPYIOBAHHS M3 XPOMOMAapPTaHIIC-
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BOH CTAJNH C METACTAOMILHBIM ayCTCHAUTOM.

LemnecoobpasHbIM SIBIACTCS CO3JAHUE AYCTCHUTHBIX
crIaBoB Ha ocHoBe Fe-18-20 % Mn.

Crmaser 08120/1(1-2), 08I'20F0(1-3), 08X12I20C2
HMCIOT BBICOKYIO VIAPHYEO BA3KOCTh IPH TEMIICPATypax
SKHIKOTO 230Ta M MOTYT OBITh HCIOJIb30BAHbI B KAUCCTBE
KpHOTeHHbIX Marepuanos. Craperomue cramu 201 20C25
[31], 60I'16D2 [24] ¢ aycTCHUTHOHN CTPYKTYPOH, yIpou-
HEHHOU KapOWIaMH, W MAPTCHCHUTHBIMHU ITPEBPAIICHUSIMHI
TIPH HATPY>KCHAM UMCIOT TOBBIICHHBIA YPOBEHb MEXAHM-
YCCKHX CBOHCTB: Gy, = 700-800 MIIa, 5, = 1000-1200 MI1a,
O = 3540 %. Eme 6oee CYmECTBEHHOC VBCIHICHHC
TIPOYHOCTHBIX CBOMCTB B 3THX CIUIABAX JOCTUTACTCS Tep-
MOMCXAaHHYICCKOH 00PaOOTKOIM.

YcraHOoBICHO [24], 4TO B pAae MAPraHELCOASPKAIIHX
AyCTCHUTHBIX CTaJICH MOCHE 3aKAJIKH U CTAPCHUS HMEET
MECTO IMHAMHYECKOE Ae(PopMaIOHHOE TBOHHUKOBAHHC.
OHO TaK >ke, KaK H MAPTCHCUTHOE IIPEBPAILCHIUE, TIPH OTI-
THMAIIBHOM Pa3BUTHH B IPOLECCE HATPYKCHHUS, ITPHBO-
JUT K CYIIECCTBCHHOMY YBEIHYCHHIO IIACTHIHOCTH TIPH
TIOBBIMICHHBIX ITPOYHOCTHBIX CBOMCTBAX. JTH CTANH Ha-
3p1BaroT [TH /] (m1aCTHMHOCTD, HABEACHHAS IBOMHHUKOBA-
HueM). Tak B cramu 60I'14X9®2 nocae rTHAPO3KCTPY3HA
mpu 250 °C u nocneayromero crapenns npu 500 °C mno-
JyJIeH HAaHOOJICE BHICOKHH YPOBEHB IIPOUHOCTHBIX CBOICTB
(6,,= 1900 MIla, = 2000 Mlla) mpu 10CTATOUHOM M1a-

cruaHOCTH (O = 15 %, v = 50 %). PaccmarpuBacMbIc cTa-
JIH PCKOMCHIYIOTCA /1S MPOMBIIIICHHOTO PHUMCHCHHS B
KAUCCTBC BBHICOKOMPOYHBIX HCMATHHTHBIX MATCPHAJIOB.

CnaBbI pa3ImiIHBIX CTPYKTYPHBIX KJIACCOB C
MeTacTA0MILHBIM AYCTEHNTOM

Kak yxe orMedanoch, 3 (exT caMo3akamkn CiaeayeT
HCIIONTH30BaTh HE TOJIBKO IPH HATPY>KCHHH B 3KOHOMHO-
JICTHPOBAHHBIX AYCTCHUTHBIX, HO W TPH OXJIAXKICHWH, a
TAKKS OXJIAKICHAH M HATPY>KCHHH B CTAJIAX IPYTHX CTPYK-
TypHBIX K1accoB puc. 1. Eme B 60-¢ Toasl, KOraa nosaBH-
JUCHh BBICOKOJIECTHPOBAHHBIE MAPTCHCUTHO-CTAPCIOIIHUE
cramu Tina 03H18KIMS5TH), aBTOpOM CTaThH C COTPYI-
HUKaMHU OBIITH CO3JAHBI OJHH M3 CAMBIX IEPBBIX Ooree
SKOHOMHYHBIX XPOMO-HHKCICBBIX CTAJICH 3TOTO THMA:
03X12H8MTHO, 03X14H(4-6)MTHO, 10X12H4T2THO
[32]. OTn Marcpua bl B KOBAHOM COCTOSHHH IOCIIC HOP-
Magm3arma ¢ 950 °C (3¢ (et CaMO3aKATKA TPH OXJIa%K-
JICHUH) 00JTaar0T XOPOIINM COYCTAHHEM MEXaHHICCKUX
CBOWCTB: Gy, 2 1000 MIla, o, > 1100 Mlla, & > 12,
Wy > 50 %, KCU > 1,2 M/x/M?. OHH TEXHOJOTHYHBL, a
TaKke 00J1aJAFOT BHICOKOH KABHTALIMOHHON W KOPPO3HOH-
HOM CTOMKOCTBIO B pe4HOM BoAE. {151 NOBBIICHUS Y HUX
YAAPHOH BA3KOCTH IPH OTPHLATEIBHBIX TEMIICPATYPAX HE-
00X0AMMO HAPSAY C MAPTECHCHTOM TOJY4aTh B CTPYKTYPE
15-25 % aycrenura.
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B navane 70-xX roaoB NpOILIOrO CTOICTHA aBTOPOM C
COTPYIHHKAMH Pa3pabOTaHbI OTHH W3 IIEPBBIX MAIOHHKE-
JEBBIX CTAJECH MAapPTCHCUTHOTO KJIAcCa (MAPTCHCHTHBIX M
MapTCHCHTHOCTAPCIOMMX) OOMEro HA3HAYCHHS:
08X2H(3-3)M®E, 08X2H(3-5)M®T, 08X2H(3-5)M®IO,
08X2H(3-5)M®/IO [33]. 3TH cTam, KaK ¥ MPSIBLIYIIIC,
HMCIOT Y’KE TIOCIC HOPMAIM3ALMHK XOPOIIEE COUCTAHUC
MPOYHOCTHBIX, IUTACTHYCCKUX CBOMCTB H YIAPHOU BA3KO-
cru. [locneaue yaaeTcs MOBBICUTH B eIe OOIbINeH cre-
nieHH moyucHueM 10—15 % 0cTaToYHOTO ayCTCHHTA HOP-
MaJH3anuei ¢ HarpeBOM H BBIICP)KKOH IO ONTHMATBHO-
MY PSKHMY B MEKPHTHUCCKOM HHTEPBAJC TEMIICPATyp.
WX BaXKHBIMH TEXHOJIOTHMECKIMH OCOOCHHOCTSIMH SIBJII-
FOTCSI BBICOKASI POKATINBAEMOCTh, OTCYTCTBUE CKIOHHO-
CTH K KOPOOJICHHIO M TPCIIHHOOOPA30BAHHUEO TIPH TSPMO-
00padoTKe, CYIICCTBCHHOC COKPAIICHUC ITHTCIHHOCTH
XHMHKO-TEPMHUYCCKOH 00padoTKH (a30THPOBAHUSL, OOpH-
poBaHUA, XpOMUPOBAaHUA | 1p.). [Tocne nemeHranuy, 3a-
KaJIKM M BBICOKOTO OTIYCKa B HHUX MMEET MECTO BTOPHY-
HOE TBEpICHHE, 00CCTICUMBAIOIIECE COXPAHECHHUE BBHICOKOH
TBeprocTH 10 550 °C. PaccMOTpEHHBIC BBIIIE CTATH Map-
TEHCHUTHOTO KAacca, XOTA M ObLH O0Jee SKOHOMHO JICTH-
POBAHBL, YE€M U3BECTHBIC B TO BPEMsI, OHH COICPIKATIH J10-
poro# HUKeNb. B CBsI3U ¢ 3THM HaMu ObLIH pa3padboTaHbI
Oc3HUKEIIEBbIC CTAN MAPTEHCUTHOTO Kiacca. Tpaxumm-
OHHO CYHTAJOCh, YTO MApraHel B KOJIHYCCTBE CBBIIIC
2 % oxpymumsaet craiu. OmHAKO, €CITH HCTIOTb30BaTh Pas-
JTIHBIC W3BECTHBIC MEXAHW3MBI, ITOBBIIIAFOINHIEC COIPO-
THBIICHHC PA3PYIICHUIO (36pPHOTPAHMYHBIH, CYyOCTPYKTYP-
HBIH, YMCHBIIICHHC OJIOKMPOBKH TUCIIOKAINH), a TAKKE IO~
JIy4uCHHE METACTAOMIBHOTO AyCTCHUTA B CTPYKTYPE, TO
MOTYT OBITh CO3AHBI OC3HUKCIICBBIC CTAJH, HE YCTYTIAI0-
IIHE TI0 CBOMCTBAM COOTBETCTBYIOLIMM aHAIIOTaM, COZep-
JKaIlM HUKEIb. B KadecTBe JOMOMTHUTEIBHBIX K MAPTaH-
Iy JIOJDKHBI OBITH HCTIONB30BAHbI CPABHUTEIHHO HETOPO-
THE 3JCMEHTHI. KPEMHHUM, adlOMHUHHI, a30T, a NpH
HEOOXOIMMOCTH B HEOOIBIIMMX KOJIUHUECTBAX CHIIbHBIC Kap-
OnI000pa3yrOIIIe — THTAH, BaHAAHH, HHOOMH. C ydIeTOM
3TOTO OBLTH PA3PabOTAHBI CACAYIONIHC OC3HIKCICBBIC CTa-
aum  MmapteHCHUTHOTO Kiacca: (08-15)X2I2CT,
(08-13)X212MAD, (08-15)X2I 2MADB/IIO, 08 X2 (3-5)MD,
08I'(4-10)AD, 08I'(4-10)THO [34]. TTocne 3akanku 1 HU3-
KOIO (YMCIIUTENb) U BBICOKOTO (3HAMEHATEINb) OTIMYCKOB
(B TOM 4HCIE B MEKKPUTHYCCKUHA HHTEPBAJ TEMIIEPATYp
JUT1 00pa30BaHMS TIOCTIC OXTIAKIACHHS B CTPYKTYPE METa-
CTaOMIBHOTO AyCTCHHUTA) MOJNY'UCH CICAYIOINHA YPOBCHb
CBOHCTB: G, > 870/650 Mlla, 5, = 1000/720 MIIa,
d 2 10/16 %, y =50/60 %, KCU™ > 0,7/1,2 M/Dx/M2.
Cramm ¢ 4-10 % Mn, JONONHUTEIBHO JECTHPOBAHHBIC
CHIIBHBIMH KapOMI0- M HUTPHUI000PA3YIOINMH 3JICMCH-
TaMH, NMPEIOKEHBI aBTOPOM B Ka4ECTBE HOBOTO KJacca
LEMEHTYEMBIX CTAJICH, CIIOCOOHBIX 3aMCHHUTh HUKEIHCO-
Jiep>Kaline BRICOKOMPOYHBIC CTaIH. OTIHIHTEILHON 0CO-
OCHHOCTBIO HOBBIX CTAJICH ABIICTCA WX XOpomias o0pa-
6aTEIBAEMOCTH PE3aHUEM H BO3MOKHOCTD MOIMYUCHHS B HX
TIOBEPXHOCTHOM CJIO€ IIOCIIC IEMCHTAIWH U TEpMO0Opa-
00TKH MCTACTAOHIBHOTO AYCTCHHUTA, APMHPOBAHHOTO KAp-
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6maamu u kapoboruTprIamu. [ Ipu adbpa3uBHOM H yIapHO-
abpa3MBHOM BO3ICHCTBHH OHH IIPEBOCXOAT ITUPOKO MPH-
MensiemMyro cranib 110131 TTokazano, 4To NOMyYarhb Tpe-
OyeMBbIC KOTHIECTBO U CTAOMIBHOCTh ayCTCHUTA B CTPYK-
TYpE 3THX CTaJEH MOXHO 3a CUET BHIOOPA ONTHMAIBHBIX
PSKUMOB 3aKAJKHU (B TOM YHCJE CTYIICHYATOH) C HArpe-
BOM B MEGKKPHUTHUYCCKHH MHTEpBaX Temmeparyp. Hambo-
JIee BBICOKHH YPOBEHb MEXaHUYECCKUX CBOUCTB JOCTHIA-
eTcs B TOM CIy4ae, KOIia Hapsay ¢ AUCIIEPCHBIM HH3KO-
VIIEPOIUCTHIM MAPTCHCHTOM M HEOOIBIIMM KOJTHICCTBOM
yopoursrommx (a3 B CTPYKTYpE 00CCICUHBACTCS TONY-
yeHHe ~10-15 % aycreHuTa, KOTOPHIH MOCTCIICHHO MPE-
BPAINACTCS B MAPTCHCHUT Ae()OPMALMH PH HCIIBITAHUSX.

B Hacrosmiee BpeMs B MMPOMBIIIICHHOCTH HCTIONb3Y-
FOTCSI BBICOKOITPOUHBIC HEPKABCIOIINE XPOMOHHUKEICBBIC
cramu mepexoxHoro kimacca 08X15H9T0, 08X17H71O.
Pa3paboTaHbl BRICOKOIPOYHBIC OC3HIUKCICBBIC MAPTCHCHT -
HO-aycTCHHUTHBIC cTanu. 10X14AT6, 10X14AT6D,
10X14AT6M®, 10X14AT612M [35]. B Hux a¢dexr ca-
MO3aKaJIK{ PEATU3YETCS TIPH OXIAKACHUHU M HATPY>KCHHH.
OHn moc e TepMo0OPA0OTKH, BKIFOUAFOIICH 3aKAIKY (HOP-
Mammsanuro) or 1000 °C u ormycka mpu 200 °C, nmeror
MEXaHUYECKHE CBOUCTBA, COOTBETCTBYIOLIME (M AAXKE Mpe-
BOCXOZSIIUE) YPOBHIO XPOMOHHKENIEBBIX cTajich. [10BbI-
CHUTh MX IIJIACTHUCCKHC CBOWCTBA WM YAAPHYIO BSI3KOCTH,
COXPAHHUB BBICOKHC IPOYHOCTHBIC CBOMCTBA, MOPKHO 3a-
KAIKOH (HOpMAIM3aLHUEH) U3 MEKKPUTHUECKOTO HHTEP-
Baja TEMIEPATYP WIH CTYICHYATON 3aKAIKOH, MO3BOJIA-
FOIIMMH YBETHYIHUTb B CTPYKTYPE KOIMYECTBO AyCTCHHUTA
U €T0 CTA0UIBHOCTb.

HoBriM HampaBiicHHEM ABACTCA pa3padoTKa aycre-
HUTHO-MApTCHCHTHBIX U ()epPUTHO-ayCTCHUTHBIX XPOMO-
MAapTaHIOBUCTHIX CTaJICH C METACTAOMIILHBIM aYCTCHHUTOM.
ITpuMmepoMm mepBBIX MOTYT CaykuTh 08X2I'14®,
08X13T10®, BTOopEIx — (08-30)X14T'8FO(1-3),
08X (18-25)I'(4-13)CHO [36]. X 0COOCHHOCTBEO ABIIACT-
Cs MOBBINICHHBIH YPOBEHBb NMPOYHOCTHHBIX CBOHCTB
(00)2 >500 MIla, 6, > 750 MI1a), BRICOKAS ITACTHYHOCTh
(3 2 30 %) u ynapuas Bszkoctb (KCU > 1,2 MJDx/m?).

2} (eKTHBHO HCMOTB30BAHHUC B KAUCCTBE H3HOCOC-
TOHKHX MATEPHAJTOB XPOMOMAPTaHIEBIX UYTYHOB C M€-
TACTAOWJIBHBIM AyCTCHUTOM, MO3BOJLIIONIMM PEAaTH30-
BaTh 3P peKT CaMO3aKAIKH MPH HATPYKCHUU. UyTyHbI
250X(2-H)I'(2-6) mocme mopMmanmm3anuu ¢ 950-1000 °C
TPEBOCXOAAT MO a0Pa3HMBHOM M3HOCOCTOHKOCTH OoJee,
uyeM B 2 pasa, craas 1100 13J1. Otu crmaBsI MOTYT Comep-
xkath 10-13 % xpoMa U CHIBHBIC KapOHI000pa3yIo-
IHEe 3JIECMEHTHI, HampuMep BaHaguu: 250X12I'4D,
(250-400)X(10-13)I'4C2®. Onn 006mamar0T BHICOKOH a0-
PA3UBHOHW M3HOCOCTOMKOCTHIO M IPEBOCXOAAT Oolee 10-
POTHE AaHAIOTH, COACPKAIIIE 3HAUUTEIHHO OONBIIEE KO-
JIMYECTBO XpPOMa U HHUKETb [36].

J171s1 BOCCTAHOBIICHHS U OTHOBPEMCHHOTO TTOBBIIICHI
JIONTOBEYHOCTH JETajcH MaIIMH W HHCTPYMEHTA LIETIECO-
00pa3HO MPEMCHCHHC HAILIABOYHBIX MATCPHANIOB, 00¢C-
MICUMBAIOIIMX IOIYUCHAUE B HAIUIABICHHOM CJIOC CTPYK-
TYPBI CTAJCH U YyTYHOB C METACTAOMIbHBIM dyCTCHHTOM.



TEXHOMNOTIT OTPUMAHHA TA OBPOBKM KOHCTPYKLIMHUX MATEPIANIB

HepBBIMI/I TAKAMHA MaTCpUATAMHA ObLIH QJICKTPOABI THIIA
YIIN 30X10I'10, pazpadorarnsie M. H. Pa3ukoBbsmM c co-
TPYAHUKAMH HA OCHOBC COOTBeTCTByIOH.[efI KABHTALHOH-
HOCTOMKOM cTanmu. {1 aBTOMAaTHYECKOM M MOJyaBTOMA-
THYECKOM HAILTABKH HMU MPEAJIOKEHBI JJICKTPOIHBIC MPO-
BOJIOKH crutomrHOro ceueHus 30X10I'12T, 25X12T°13T
[6]. [Tox pyxoBOACTBOM aBTOpA CTAThH COBMECTHO ¢ OAO
«AzoBmam» co3mana mopomkoBas nmeHra [1JI-Hm
15X13 AT 10CM®, mpeaHa3HAYCHHAS A1 HATLIABKH ILTYH-
JKEPOB THIPOIIPECCOB, HAT() CTATCPA3THBOYHbIX KOBIICH
M KPAHOBBIX Kosiec. JIJis 3THX K€ LieJeH MOo3aHee pa3pa-
OotaHa 6onee 3xoHoMuaHAA neHTa [TJI-Ho 25X 14T 10D,
MPOBOJIOKA CIUTOImHOTO ceucHus Ce-14X141120 [38] u
moporkoBas nposojioka [TT1-Ho 14X12T°12CT [39]. Ana
CIIy4aeB, KOIIA M3HOCOCTOMKOCTh HEOOX0AMMO olecrtre-
YUTh B OTCYTCTBHE KOPPO3MOHHOTO BO3IACHCTBUSL, pa3pa-
6orana nopomrkosas nerra [1JI-Ho-201" 14 AD, npuvenss-
IIAsCst JUIsl HAIUTABKU KPAHOBBIX Kojiec. COBMECTHO C OT-
pacnesoit maboparopueit Hamasku [II'TY pa3paborana
nopomkosast nposonoka IJI-Hm-10X13T'12 A@CIOP
[40]. ITo u3HOCO- U TEPMOCTONKOCTH HAIUIABJICHHBIN 3TOM
TIPOBOJIOKOI METAJII MPEBOCXOAUT TAKOBOM, TTOTYUCHHBIH
TIPH MCHOIb30BaHUH 1PoBonoku CB-08X21HI0T'6. s
HAIUTABKH ICTAJICH, PA0OTArOMINX B YCIOBHAX A0pasHBHOTO
m3HammBaHwA B.J1. MamaOBEIM, pa3paO0TaHbI HATLIABOY-
HBIC MATCPHUAJIBI HA OCHOBE 1yIT'YHOB C METACTAOMIBHBIM
aycrenutom: TIJI-Hm-100X6I'4, TIJT-Ho-160X12T°5,
TUI-Hn-200X12I'4®3 [41], 3HaYUTEIHHO MOBBILIAIOIIUE
JOATOBEYHOCTD ACTATCH.

[TpuHIMI MOXYYCHUS METACTAOMIILHOTO ayCTCHHTA,
PETYAMPOBAHUE €TI0 KOJMHYCCTBA, CTCIICHH YIIPOUHCHHS U
CTAOMIBHOCTH C YIECTOM KOHKPETHBIX YCIIOBHH HArpye-
HHA OTKPBIBACT HOBBIC BOSMOKHOCTH B MMOBBIIICHUH MC-
XAHHYCCKHUX H CJ'Iy)Ke6HI>IX CBOMCTB HC TOJIHKO CIICuaIb-
HO Pa3pabOTaHHBIX, HO U IIHPOKO MPUMCEHIEMBIX B IIPO-
MBIILICHHOCTH CILIABOB, YTO 0000mECHO B padorax [42,
43]. BayxHO MOTUCPKHYTH, UTO 3H(PCKT CaAMO3AKAIKH MO-
JKeT OBITh peamn30BaH BO MHOTUX KOHCTPYKIHOHHBIX H
HHCTPYMCHTAJIBHBIX CIITIABAX, MPUMCHACMBIX B ITPOMBIIII-
JCHHOCTH, YTO CYHICCTBCHHO MOBBIACT HUX AOJTOBCYU-
HOCTb. JI7Is1 3T0T0 HEOOXOAMMO, HMCTIONB3Y pa3paboTaH-
HBIE YIIPOYHAIOIIUE TEXHOIOTHH ITOJIYYaTh B UX CTPYKTY-
pe HapsAy C APYTHMH COCTABILIIOIMMH METACTA0NIbHBIH
AYCTCHHUT, KOJIUICCTBO U CTCIICHD CTAaOMIBHOCTH KOTOPO-
TO IOJDKHBI PETYIUPOBATHCS C YUYETOM HCXOTHOTO XHMH-
YEeCKOTO M ()a30BOTO COCTABOB, A TAKKE YCIOBHH IKCILTY-
aramuu. Ha puc. 2, 3 NpHBEACHBI MyTH PETYIHPOBAHUA
MAPTCHCUTHOTO NMPECBPAINCHUA U TCXHOJIOTHICCKHAC IPH-
€MBI YIIPABICHUS KOJTHIECCTBOM CTA0MILHOCTBEO AyCTCHH-
Ta. bompmme BO3MOKHOCTH B TOJIy4YCHUH OCTATOTHOTO
METACTAa0MIIBHOTO AyCTCHHTA OTKPHIBAIOT ONTHMM3ALIL
TEMIIEPaTyPbl HATPEBA IO, 3aKAJIKY, CTYIICHYAThIC H H30-
TEPMHYECKHUC BBIZICPKKH B ONPEACICHHOM HHTEPBAJIE TEM-
Teparyp, a Takxke pa3padoTKa JPYTHX TEXHOIOTHUCCKUX
NPUCMOB MPUMCHHUTCIBHO K CIIJIABAM PA3JIMIHBIX CTPYK-
TYPHBIX KJIACCOB W Ha3HAYeHWs. Tak, [t O JpoOHIOK
JIOJIOMHTA, H3TOTOBICHHBIX M3 CPSIHEYTICPOAUCTON Map-

TAHIOBHUCTOH CTAITH, MPCITIMKCH PESKUM TSPMOOOpadoT-
KH, TO3BOJIAFOIIUI MOMYYHTh B IOBEPXHOCTHOM CIIO€ 25—
30 % MeTacTaOHIBLHOTO AyCTCHHUTA, YTO YBCIHYHIO HX
JIOITOBEYHOCTS B 1,5 pa3a. AHATIOTHHYHBIM 00Pa30M 3a CUCT
HM3MCHEHHUS TEXHOJIOTHH TEPMOOOPAOOTKY HOBBIMICHA a0-
Pa3HBHAA H3HOCOCTOMKOCTB PAgA ACTANCH, H3TOTOBICH-
HBIX 13 neMeHTyeMbIx crameii 18XTT u 20XH3A. Cre-
JyET 0c000 MOTICPKHYTH, YTO PACTIPOCTPAHCHHBIM SIBJLI-
€TCsI MHECHHE O HEIOIMYCTHMOCTH MMETH B CTPYKTYpE
IEMCHTOBAHHOTO Clios Oomee 15 % ocrarouHoro aycre-
HuTa. OIMHAKO 3TO CIPABEAINBO IS YCIOBUH OKUCITHTETh-
HOTO M3HOCA. B ciyuyae HHTEHCHBHOTO aOpa3HBHOTO HITH
KOHTAKTHO-YCTaJIOCTHOTO M3HOCA HEOOXOAMMO TONY4aTh
25-50 % 0cTaTOYHOTO ayCTCHUTA M PEATH30BaTh CAMO3a-
KAJIKy IPH HATPYKCHUH, YTO IMOBBHIIAET JOJITOBEYHOCTH
meranch B 1,5-2 pasza. Taxol moaxon oxaszancs 3¢dek-
THUBHBIM HE TOJIBKO JJI1 MAJIOYITIEPOAUCTHIX IEMEHTHPYE-
MBbIX CTaJIefI, HO U MPUMCHHUTCIIBPHO K CPCAHC- U BBICOKO-
VITICPOJWCTHIM CTAJLSIM PA3IHYHON CTCIICHH JCTHPOBAHILL.

B mocnexnee BpeMs OONbIOIOC BHUMAHHC VACIIETCS
H30TEPMHUYECKOHN 3aKANKE CTAIeH U BBICOKOIPOYHOTO 4y-
ryHa. OTHAKO, TTPH OOBSCHCHHH €€ TIOJOKHUTEILHO POITH
HEJI00IICHUBACTCS BIIMSHHUE OCTAaTOYHOTO METACTaOUIbHO-
TO ayCTCHHTA. Me;w:[y TEM, ONTHMH3AIHA €TI0 KOJTHICCTBA
B CTPYKTYPE H CTAOHTFHOCTH MPUMCHHTCIIFHO K KOHKPET-
HBIM YCTIOBHAM HATPY>KCHILT JACT BOSMOKHOCTD ITOJIY'IATH
HAUOOIICC BHICOKHH VPOBCHb MCXAHHYCCKHX CBOHCTB H
m3HOCOCTOMKOCTH [42, 43]. TpennoxkeHn cmocod TepMo-
00paboTKH, BKITFOUAFOINIH PEIBAPUTEIBHBIA HATPEB TIe-
pea ayCTCHUTH3AIMEH B MEKKPUTHUCCKHUH HJIH CyOKpH-
THYCCKUI HHTEPBAIBI TEMIIEPATYP, MOCICAYIOMIYIO0 3aKa -
Ky (B TOM 4YHCJIEC M30TEPMHYCCKYIO), B psAC CIy4acB
OTITYCK, UTO 00yCIIOBIMBAET 00JIce BHICOKHH YPOBCHB Me-
XAHWYECCKUX CBOMCTB M M3HOCOCTOHKOCTH, YEM IOCTIC
0OBIYHOH TCPMOOOPAOOTKH. ITO OOBACHIACTCS MOy ICHH-
€M B CTPYKTYPE HAPAIY C APYTHMH COCTABILIIOIIMMHU ayC-
TCHHTA ONTHMAJIBHOM CTAOMIBHOCTH.

HepCHeI(TI/IBH])IMI/I SIBJSIFOTCA I(OM6I/IHI/Ip0BaHHI>Ie CII0-
co0bI 00pabOTKH CIIIABOB, OOCCTICUMBAIOIIIE TOIYUCHAC
H30BITOYHOTO KOJTHYCCTBA MCTACTAOMILHOTO AyCTCHHUTA U
TMOCTICAYIOMES AC(POPMATHOHHOS H (HITH) TCPMHUCCKOC
BOSI[GfICTBI/IG HA HCTO, YTO BBIZBIBACT €TI0 YIPOTHCHUC H
YaCTUYHOE IpeBpaIncHue B MapTeHeuT. OTHAKO, OCTaB-
IIAsACs YaCTh ayCTCHUTA COXPAHACT CIIOCOOHOCTH MPH IOC-
JICAYIOMIEM HATPYKCHHUH B MPOIICCCE SKCIIIyaTalliy Tpe-
BpAIIAThCA B MAPTCHCHT Ac(opmarmu, 4To u 00eCnedn-
BACT BBICOKHH YPOBEHB MOMYYAEMBIX CBOHCTB.

B ommirime oT IMpoKo pacipoCTPAHEHHOTO MPEACTaB-
JICHUS O HECOOXOANMOCTH B Pe3yiIbraTe 00pabOTKH MOIy-
Yarh B CIUIABAX OTHOPOIHYIO CTPYKTYPY, IOKA3aHO, YTO
OOHNM W3 ICPCIICKTUBHBIX Hal'[paBJ'IeHI/Iﬁ TIOBBIIICHU S KOH-
CTPYKIMOHHOW TPOYHOCTH SIBISIETCS CO3IAHHE PETYILIP-
HOH MaKpOTETEPOTCHHON CTPYKTYPHI C METACTA0MIBHBIM
ayCTeHUTOM. JI7I1 3TOT0 HEOOXOAMMO IOIY4aTh COM3Me-
puUMBIE C pa3MepaMu H3ACTUI TPAJUCHTHI CTPYKTYPHO-
(pazoBoro cocrosHmA. MM TOIDKHO COOTBETCTBOBATH ve-
PEAOBAHUE BBICOKONMPOUYHBIX W BBICOKOIIACTHIHBIX

ISSN 1607-6885  Hosi mamepianu i mexnonoeii ¢ memanypeii ma mawuno6yoyeanni Nel, 2011 101



MeTacTa0HJIbLHBII

AYCTCHHUT

MINRLHIWAIrC HNIITIOIAdILIa1r

‘WorLose ‘MorodorrIA SOHHIHIP9O

,osed-u -3
09.LIIhUIrOM J0MIILr0QIH

‘UMFOMEIA 901N SUHRI'E0))

guHIMedgodn
JIHLMIHILd e HOmMoIAdunnuHu
‘HHITEM O UL HLYOHLOII

HOHHIIMIAAII0 QUHIKhAT O] T

=
=
=)
g = =
2 5 5
=] 3m
- = =
e £ _MH
ENER
E e & B
=] = 3
Tz = Q=
N
(2]
>
<
]
= g E
= = 2
= = = @
HEIEE
g 2 v 7
== > 2
2 2 = 3
82 = =
==}
S = = =
HFM me
5| | g ¢
£ = E 5
S = 5 &
=P = £
o 3 v B
> WO
< o =

snpamaInwadon xmmorsHrAdLes

‘eed XI9HIAIOUY SMHIAILIII9Y

XHMOIAdHIdIr HINEINOLR

HUTIEM 01U QUHAIrIddMeg

HLYOHLOI'T HOI'EIN BINI)94

HITH UOMGIr00 dHUHIhAITOT]

1dALIAd 194>

MHEBI'£0) ‘eHdOE SMHORIrINE]

BHHIIMILI000
19h) te HHIeIWd 0o HOMIIhULILITT

BUHOIrAULOd 10 ‘LI7'€C QMHIhMINIL £

Puc. 2. Iyt perynupoBaHusi MApTEHCUTHOTO IIPEBpAIICHUS

YMeHbIIeHHe KOJInIecTBa

Texnoornvueckne npHueMbl

pery.;IHpoBaHUs

AyCTEeHUTa U €ro CTA0OIILHOCTH

HINELHIWIIC NINHITOIAd HIdIr RLHHILIAR
BHHIHI00 H e XI9HLHIHILde I
BELIIRHI'0M OIOTIIIr00H ‘INEIO0MeIA

go1MPor BuHIKAIron BT BHmedodoyy

evd BUHIIAYI9E BT auHddel)

Wororrox exrogedoo

AjIredes Yo

egodiaeH 1A LLeddINAL JMHIKIH)

mirogedoo BexdInundaL

BRIIOIATIII0I H BRIIhHNAIL-0MHNITY

1dL1314d 129£> sBuHRgodundod

BT sBHnendodor Bermd |,

YBeanmueHne KoJIHIeCTBA

AYCTEHUTa U €10 CTA0WILHOCTH

sunarnadee B (QuHaderd)

MAuLo praHdALedanmarodeny

0 © Anrn/u 3 € A semorediacag

‘exrogedgo BeMIRHIHIONdI ],

wiaLredes

BeMIOhAWdILOSH HIrH H&H&fﬂoﬂ%rﬁo

A + o sreadornn g exprdariaa n addrey

AjIredes Yo

eagodaeH IadAredannoL JMHIMIGAO] |

Puc. 3. Texuonornueckue TIIPUCMEIL PETYIIMPOBAHUS KOJIMYCCTBA U CTabMITLHOCTH ayCTCHUTa

102



TEXHOMNOTIT OTPUMAHHA TA OBPOBKM KOHCTPYKLIMHUX MATEPIANIB

00BEMOB MATCPHAJIOB. ITO AoCTHTACTCA AU PepeHImpo-
BaHHOH 00OPAOOTKOH, B KOTOPOH COBMEIICHBI OOIIee
(00BEMHOE) M TOKAIBHOE BO3ACHCTBIS HA Marepuait. [Ipu
3TOM TEIUIOBBIC, MCXaHMYCCKUE, MATHUTHBIC M APYTHC
TIOJIST PACTIPENICIIIOTCST HE PABHOMEPHO IO 00bEMY METall-
713, a TOKATH3YIOTCS B OTACIBHBIX €10 YUACTKAX HIIH CIIO-
ax. B pesynbrare (pa30BBIC H CTPYKTYPHBIC PCBPAIICHHS
TIPOTEKAFOT HE OHOBPEMEHHO, a4 B PA3HOH MOCIIEI0BATE Th-
HOCTH U CTeNEeHHU. /11 MOMy4YeHUsT PEryIPHOR MaKpore-
TEPOTEHHOH CTPYKTYPBI MOTYT OBITh HCIIOIB30BAHBI TEP-
MHYCCKAsA, XHMHKO-TCPMHUYCCKAS, Ae()opMaHOHHAS 00-
padorKH, a Takke ux couetaHws. [1npokue BO3MOKHOCTH
B 3TOM OTHOIICHHH OTKPHIBACT HUCIIOTB30BAHIC UCTOUHH-
KOB KOHLICHTPHPOBAHHOM 3HEPruu (Ja3epHOH, IEKTPOH-
HO-JTy"CBOH, IIA3MCHHOM | Ap.). Pa3paboTraHHBIC TEXHO-
JIOTHH YIIPOUHEHHS INTAMIIOBOTO M PEXKYIIETO HHCTPYMCEH-
Ta MOBBIIAKOT €r0 U3HOCOCTOUKOCTD B 1,5 pasa [42, 43].

[NoyueHHBIC AAHHBIC TOKA3BIBAKOT, YTO BO MHOTHX CIIy-
YasIX 3HAYUTCIBHBI 3()(DEKT MOBBIIICHHS CBOIMCTB IIHPO-
KO IIPUMEHSIEMBIX CTAJICH M UYTYHOB MOYKET OBITh JOCTHT -
HYT 3a CUCT peajH3allii BHYTPEHHETO PECypca CaMoro
MaTepHana MpH HeOONBINOH KOPPEKTHPOBKE PEKUMOB
MPUMEHACMON 00pabOTKU U HE TpeOyeT KaKuX-Iud0 Ka-
MUTATbHBIX 3aTPaT.

MoryT OBITh HCIIONTB30BAHBI TAKKE ITHPOKO IIPUMCHS-
€MBbIC B POMBIIIIICHHOCTH CIIOCOOBI TEPMO-, XHMHKO-TEP-
MHYECKOH (B TOM YHCIE C UCTOIb30BAHUEM HCTOUYHUKOB
KOHIICHTPHPOBAHHON 3HEPTUH), TEPMOMEXAHUYECCKOH,
TCPMOUHKIIMYICCKOH 00paboTok 1 ap. HeoOxommmMo unib
CKOPPEKTHPOBATh PEKUM HX ITPOBEACHHS C TAKAM pacye-
TOM, YTOOBI ONTHMHU3HPOBATE CTPYKTYPY U PA3BUTHE Map-
TCHCUTHBIX NPEBPAIICHHUIT, IIPOTCKAIOMIHX TPH OXJIAKIC-
HUM W/Wmd HAarpyxeHud. OHU MO3BOJIIIOT HCIIONB30BATh
BHYTPEHHHE PECYPCBI CAMOTO MAaTepHaIa i, COOTBETCTBCH-
HO, TIOBBIMIATH MCXAHHYCCKUC W CIIY>KCOHBIC CBOHCTBA
JeTajeH, HHCTPYMEHTA U 3KOHOMHUTD JOPOTHUE | e (HUITIT-
HbIC 371eMeHTH (Ni, Mo, W, Cu u ap.).

Crenyer HOMYEPKHYTH, UTO Pa3paboTaHHBIC MaTepHa-
61 ¥ YIIPOUHSIOIINE TEXHOJIOTHH, BHEPCHHBIC B IIPOM3-
BOJICTBO, IIOKA3AJIH BRICOKYIO 3()(pexruBHOCTE. JloaTOBCY-
HOCTb JIOTIACTeH TMAPOTYPOMH, TPEOHBIX BHHTOB, OWII M
MOJIOTKOB JPOOMIIEHO-PA3MOIBHOTO 000pyIoBaHHA, (y-
TEPOBOYHBIX IUIAT, KJIANAHOB, pA0OTAOIINX B YCIOBHIX
ra30a0pa3HBHOTO M KABHTAIIMOHHOTO BO3ACHCTBUSL, LATI(
CTANICPa3IMBOYHBIX KOBIICH, KPDAHOBBIX KOJEC, POJNUKOB
1 3BCHbCB KOHBEHEPOB UyTYHOPA3INBOYHBIX MAIIHH yBe-
JTHYUIACh B 2 1 Oomee pas.

BLiBoanI

1. Ha ocHOBanuu 0000IIEHHI MHOTOYHCICHHBIX JAH-
HBIX ITOKA3aHA BAKHOCTH AT PECYPCOCOCPEKEHHS IIIH-
POKOTO BHEPEHHS B IPOM3BOJCTBO PAa3pabOTAHHBIX KO-
HOMHOJICTHPOBAHHBIX CTAJCH Pa3IMYHBIX CTPYKTYPHBIX
KJIACCOB M HA3ZHAYCHWS, UYTYHOB M HAIUIABOYHBIX Marte-
PHAJIOB | YIIPOYHSIOMNX TEXHOJIOTHH, 00CCIICUHBAFOIIIX
TOJIYYEHUE MHOTO(DA3HBIX METACTAOMIBHBIX CTPYKTYD B
KOTOPBIX HapsiAy C APYTHMH COCTABJLTIOIIMMH TPUCYT-

CTBYET METACTAOWMIbHBIN AYCTCHHT, NMPEBPAMIAIOIIUHCS
TIPH OXJIAKJACHUM W/WJIH HATPY)KCHHH B MapTeHCUT (3()-
(heKT caMOo3aKaIKH). DTO MO3BOICT CYIICCTBCHHO COKPa-
THTD 3aTPAThl HA PEMOHT OOOPYIOBAHMS, M3TOTOBJICHHC
CMCHHO-3aIIACHBIX JICTAJCH M WHCTPYMCHTA, MOBBICHTH
TIPOU3BOAUTEILHOCTD TPYJA, UTO JACT 3HAYUTEIHHBIN 3KO-
HOMHUYICCKAH 3P PeKT.

2. YnpaBicHHE B CIUIABAX CTPYKTYPOH M Pa3BHTHEM
MAapPTEHCHTHBIX NMPEBPAIICHUN U1 X ONTHMH3ALUH C
VUETOM HCXOTHOTO (Pa30BOTO COCTaBAa M YCIOBHH HArpy-
SKCHHSI TIO3BOJIICT CYIICCTBCHHO MOBBICHTH YPOBCHD ME-
XaHMYCCKUX U CIY’KCOHBIX CBOHCTB HE TOJIBKO CIICIHAIb-
HO Pa3pabOTaHHBIX, HO U IIHPOKO MPUMCEHIEMBIX B IIPO-
MBIIIIICHHOCTH CIUIABOB. [Ipy 3TOM BO MHOTHX CIIy4asx
JUTSL CYHNIECTBEHHOTO TTOBBIIICHUS CBOICTB TOCTATOYHO
JHIIb H3MEHUTD PESKHUMBI TTPOBEICHHS H3BECTHBIX 00pa-
00TOK.
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Maginos JI.C., Majinos B.JL. Pecypco3depe:reHHs 32 PAXYHOK 3aCTOCYBAHHS CKOHOMHOJICTOBAHUX CILIABIB
i 3MIITHIOIOYNX TEXHOUIOTiii, siki 3a0e3meqyoTs oTpuMaHHst 0araroazHuX MeTacTabiIbHIX CTPYKTYP i
VHOPABJIiHHA CTPYKTYPHUMM i (pazoBuMU nepeTBopeHHsiMu (O1JIsI1)

Kopomxo posenanyma icmopia nossu cniagie 3 memacmabiivroro cmpykmyporo. Iliokpeciena Hao3eu4atino
saocausa poit pobim & yvomy Hanpami I. H. Boeauesa i P. I. Minya. Ilpusedenuil psio po3pobox iHuux agmopis.
Vaaeanvneni pesynemamu 00caioncensb @ 3anponoHo8aHOMY HA Novamxy 70-x pokie MuHYn020 cmonimms
JI. C. Maninosum i Hanpami, wo peanizogyemvca asmopami, no pecypco3bepieaHtio 3a paxXyHOK CMEopeHHs
EeKOHOMHOJIe208aHUX cmaJieill i 4agyHie, HaniaeIio8albHux Mamepianie pizHo20 NpUIHAYEHHA, A MaKodC
ehe KmMUGHUX IMIYHIOIOUUX MEXHON02I Ha OCHO8T 3006ymMms 6a2amoasHux MemacmaoiioHUX CHMPYKMYD, o
KepOoBaHO CaMOMPAHCPOPMYIOMbCA, 8 YMOBAX HABAHMANCEHHA NPU UNPODYSAHHAX MEXAHIYHUX GIACHUBOCHET
abo excnuyamayir.
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bazamodhasni cmpyxmypu, OuHamivHi Oehopmayiiini nepemeopenHs, camo3a2apmy8anis, IMIYHEH s, MEXAHIYH]
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Malinov L., Malinov V. Resource-saving at the expense of economically alloyed alloys and strengthening
technologies providing reception of multiphase metastable structures and control of structural and phase
transformations (review)

History of appearance of alloys with a metastable structure is briefly considered. Extremely important role of
IN. Bogachyov and R.1. Minz works in this field is underlined. A number of works of other authors is discussed.

The results of researches in the early seventies of the last century by L.S. Malinov offered and realized by authors
direction on resource-saving at the expense of creation economically alloyed steels and cast irons, surfacing
materials of different functions, and also effective strengthening technologies on the basis of reception of the
multiphase metastable controlled self-transformed structures in loading conditions at tests of mechanical prop-
erties or operation are generalized.

Key words: resource-saving, economically alloyed alloys, strengthening technologies, multiphase metastable
structures, dynamic deformation transformations, self-hardening, strengthening, mechanical properties, wear
resistance.
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