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Abstract. The dependence of microhardness of Fe-28Mn-2.6A41-1.3C single crystals on the degree of
precipitation and deformation temperature is established. It can be divided into three sections: in sections I and
111, the microhardness is slightly dependent on the orientation of the sample, while in section Il the orientation
dependence of microhardness is manifested. The orientation dependence of the microhardness is determined by
the orientation dependence of the dislocation structure and the deformation mechanism (slip and / or twinning).

Rolling does not lead to the realization of deformation phase transitions of steel Fe-28Mn-2.6A1-1.3C.

BBenenue. BricokomapraHmeBble CTaqldl B HACTOAIIEE BpeMs SBISIOTCS OJHUM M3  CaMBIX
BOCTPEOOBAHHBIX KOHCTPYKIIMOHHBIX MaT€pPHaJOB B aBTOMOOMJIBHOW IPOMBIIUICHHOCTH, TaK Kak 00JagaroT
KOMILIEKCOM (PM3MKO-MEXaHMYECKHX CBOWCTB, B YaCTHOCTH, BBICOKOH IPOYHOCTHIO, CONPOBOXKAAIOIICHCS
Xopoule IUIacTUYHOCThIO. OJIHUM M3 OrpaHMYCHUH B ONMCAHUHM CTalell BBICTYNAeT CIOXKHOCTb
MHUKpPOCTPYKTYpBl. Pasnennuth 3QQeKkTHBHOCTH yNpOYHEHHS OT pasjIMuHBIX MEXaHU3MOB JedopManuu
(MexaHWYecKoe NBOMHHWKOBaHME, AMHAMHYECKOE Ae(opMaIioHHOE CTapeHHe, MUCIOKAIMOHHOE CKOJIBKEHNE,
MapTEHCHTHOE TIpeBpalieHue, GOpPMHPOBAHUE KIACTEPOB TOUYCUHBIX IE(EKTOB) MPH HMCCIECJOBAHHH CBOWCTB
TTOTMKPHUCTAIIIOB IOCTaTOYHO CIIOKHO. Kpome TOro, MCXOIHbIe IpaHUNbI 3epeH B MOJIMKPUCTAIUIE, TEKCTYypa, a
TaKXKe WX SBONIIONHS B Iporiecce AehopMariy yCIOKHIIOT 3a/1a4y HHTEPIPETAIIUH MEXaHU3MOB 1ehopMaIii 1
YCTQHOBJICHHUS MX B3aUMOCBA3M C MEXAaHHYECKUMU CBoWCTBaMH. Ha OCHOBaHMU 3TOr0 MOXHO yTBEPKIATh, YTO
HCCIIEIOBAaHHE MOHOKPUCTAUIMYECKUX MaTepHaloB, B KayeCTBE MOJCIBHBIX OOBEKTOB, MO3BOJISET
MaKCHUMAaJIbHO UCKJIIOUUTH BKJIAJ B YIIPOYHEHUE OT UCXOAHBIX TPAHHUL] 3€PEH U U3YUYUTh 3BOTIOLUIO CTPYKTYPhI B

npeaciiax 0aHoro 3epHa.
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Marepuajbl 1 MeTOAbI HcCIeT0BaHUA. 13 MOHOKPHUCTAILIMYECKUX 3arOTOBOK BBICOKOMAPraHLEBOMH
aycreHutHol cranu Fe-28Mn-2.6Al-1.3C MeTo10M 37IEKTPOMCKPOBOM PE3KH OBLIM NOATOTOBJIEHBI 00pa3Lbl ISt
MPOKATKU BJAOJNb Pa3HbIX KpUCTAIOrpaduyeckux HampaBieHnid — <123>, <144>, <l111>, <001>.
MOHOKpHCTAIUTBI TIOABEPrald XWMHUYECKOM UYHCTKe, 3aTeM 3akanuBamd oT Temmepatypsl 1373 K. Ilocie
3aKaJiKd, CTajb MMeJa CTPYKTYpy aycTeHHuTa ¢ mapamerpom pemeTku 0,365 HM. 3akaneHHbIE MOHOKPHUCTAJUIBI
U OBAIH, IEKTPOIUTHIESCKH MOTMPOBATH M TMPOKATHIBAIHN 10 HY)XKHBIX CTEIEHEeH nedopmannul (ocamku OT
10 o 80 %) npu xomuarHo#l Temmeparype (T=300 K) u c oxnaxaeHueM 10 TeMIepaTypbl XHIKOTO a3oTa
Mexay mukiaamu npokarku (T=77 K). PentreHoBckue nccienoBanus nposoawin Ha audpakromerpe APOH 7 ¢
ucnojip3oBanueM Co m3nydyeHus. MeronoM MarHuTo(a3oBOro aHaimu3a Ha ycraHoBke «Marautomerp H-04»
TPOBOJWIIA  KOJMYECTBEHHBIN (Pa3oBbId aHanmm3 (Hamudwe o'-Gas3bl) CTaTbHBIX MOHOKPHUCTAIUIOB ITOCIIE
neOopMHUpOBaHUS. 3EpEeHHYI0 W IHUCIOKAMOHHYIO CTPYKTYpy HM3Y49aldll METOIOM IIPOCBEUYHMBAIONICH
anekTpoHHON Mukpockonwu (II9M) Ha anekrporHOM MuKpockone JEOL 2100 mpu yckopsiomeM HarmpspKeHHH
200 xB. MukponHIeHTHPOBaHIE TPOBOIIIN Ha MUKpoTBepaomepe IIMT-3 ¢ marpyskoit P=200 r.

Pesyabrarsl ucciaenoBanms. [Inacruueckas neopmarust CriocoOCTBYET YBEIMUSCHHIO MUKPOTBEPIOCTH
(Hp) monokpucramuios. [lo 30 % ocanku (ydactok ) mpu T=300 K 3nauenne Hu monokpucraiuios ciabo
3aBHCUT OT opueHTarmu (2,7-3,0 I'Tla mpu 10 %; 3,0-3,3 T'Tla mpu 30 %). C yBenuueHHeM CTeeHU 00KaTus (0T
30 mo 70%) (ywacrok II) HaGmromaeTcs OpHEHTAIlMOHHAs 3aBUCHMMOCTh Hp: HawOoJbIIMEe 3HAYCHUS
cooTBeTcTBYIOT <1 11>-opuenramnun (4,5 I'Tla mpu 50 %), a Hanmenpmme <123>-moHokpuctamiam (3,5 I'Tla mpu
50 %), Bemmunasl Hp mms <001>, <144>- MOHOKPHCTAJUIOB UMEIOT MPOMEKYTOUHBIE 3HaueHH. [Ipu ocamgke
6onee wem Ha 70 % (yuacrok III) 3mavenmss Hy ams Bcex mccneqyeMBIX OpUEHTAIUi cTaHOBATCS Onm3ka (5,0-
5,4 T'Tla pu 70 %, 5,4-6,0 I'Tla ipu 80 %). Jlist MOHOKpHCTAIUIOB, TpoKkaTaHHBIX npu T=77 K, 3aBucumocTh
MHUKpPOTBEPJOCTH OT CTENEHU OCaJKH UMEET aHaJOTMYHbIC 3aKOHOMEPHOCTH, HO yuyacTok Il cmemieH B obnacth
MEHBLIMX cTeneHel nepopmarmu: ydactok I 1o 10 %, ydacrox II — ot 10 % 1o 70 %, yuacrok III — ot 70 % un
BbIlle. TO €cTh MOHIKEHHE TEeMIIepaTypbl MPOKAaTKH CIOCOOCTBYET CMEIIEHHIO O00JIaCTH, TJE HPOSBISETCS
OpPHMEHTALMOHHAsl 3aBUCMMOCTb HU, K MEHBIIMM CTENeHsM IutacTHieckoi nedopmanuu. Takum oOpasom,
3aBHCHMOCTh 3HadeHHH H|L OT cremeHW ocaiku MOXHO pa3OWTh Ha TpH ydacTka: Ha ydactkax | m III
MHKPOTBEPIOCTh MOHOKPHCTAJIOB CIa00 3aBUCHT OT MCXOTHOW KpHCTaIIorpaduuecKoi opueHTanu odpasmna
rmepes MpoKaTKod, a Ha ydactke I mposiBisieTcs OpHeHTalHMOHHAS 3aBHCHMOCTH MHUKpOTBepAocTH. Ciemyer
OTMETUTh, YTO HE3aBHCHMO OT TeMIlepaTypsl Aedopmanuu HMEeHHO Ha yuactke Il mpoumcxomur Hamboinee
cunbHoe yBenmueHue Hp. Ilpm stom mepexox k ywactkam II u III mpoucxomurt mpu OIM3KMX 3HAUCHHSX
mukpotBepaoctu (= 3,0 I'Tla Hawano yuactka II, = 5,5 I'Tla konen yuactka II) kak mns medopmanuu npu
T=300 K, tak u npu T=77 K. [locne Toro kak 3HaueHuss MUKPOTBEPAOCTH BBIXOJAT Ha ctanuio Il mpoucxonut
Haceimenue, Hy m3mensiercs cnabo ¢ aedopmariei 1 Maao 3aBUCHT OT Temriepatypsl (6,0-6,5 I'Tla).

[TapameTp pemeTkn aycTeHWTAa B CTAIbHBIX MOHOKPHCTAJUIAX W3MEHSETCS HE3HAUYWTENBFHO IOCie
neGOopManoOHHBIX 00paboTOK. AHANMW3 PEHTTCHOTPaMM IIPOKATAaHHBIX OOpPAa3lOB YKaszblBaeT HAa TO, YTO
HE3aBUCHMO OT OpHEHTAIlMH MOHOKPHCTAJIa, CTEIICHH OCAaIKH W TeMIIEpaTypsl nedopMaIy CTajdb OCTACTCA
onHo(a3HOW — HaOMIOAAIOTCS peQIEeKCchl TOJNBKO OT ayCTeHUTHOH (a3pl. MeTonoM peHTreHo(a3oBOro H
MarHuTo(a3oBOro aHain3a HE BBIABISUTM NMPUCYTCTBHE 0'-()a3bl B CTAIBbHBIX 00pa3liaXx HE3aBUCUMO OT HUX
HCXOJHOM OpHEHTAIMH, TeMIepaTypsl U crerneHu aedopmaiyu. To ecTb XonoaHas NpOKaTKa He NMPHUBOIUT K

peanuzanuu 1eopMalMOHHBIX (a30BhIX nepexooB B cranu Fe-28Mn-2.8Al-1.3C.
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C panHEX crencHed AedopMaiu B CTPYKTYpE CTald Pa3BUBACTCS IIAHAPHOE CKOJBKEHHE — METOJIOM
I[19M nab6mroanu GOpMUPOBAHUE IIOCKUX CKOTUICHHUH AUCIOKAIUHA U CETYATYIO TUCIOKAIIMOHHYIO CTPYKTYPY B
MOHOKpHCTaIIaX, npokaraHHelx mpu T=300 K. 11 MOHOKpHCTa/IOB, HAmpaBJICHHWE IPOKATKH KOTOPBIX
COBIAZaeT C KpUCTaUIOrpaduueckuM HampaBieHueMm <123> mpum cremensx ocaaku 10 % (ygactox I, rme
OTCYTCTBYET OpHEHTAIMOHHAs 3aBHCHMOCTh Hp) mpeoOmamano ruraHapHOE CKOJBKEHHE MPEUMYIIECTBEHHO B
OITHOM CHCTeMe, a I JPYTUX MOHOKPHCTAIJIOB HAOIIOAAIH CETYATYIO TUCIIOKAIIMOHHYIO CTPYKTYPY H IIOCKHE
CKOIUICHHS JHCIOKAIMi B HecKONbKHX cuctemax. [locie ocanku 30 %, BO BCEX HCCICAYSMBIX OPHUCHTAIMSIX
JIUCIIOKAIIMOHHAS. CTPYKTypa ObLIa OJHOPOIHAS, OHA MPEICTaBisiia COOOW TUIOTHYIO TUCIOKAIIMOHHYIO CETKY
(mIoTHOCTH AucloKanmii coctaBiumia ~10'*m?2). A ma Gompmmx crenmensx pedopmanum (6omee 50 %)
MPOUCXOMIIA TpaHC(OpMaIis TUCIOKAIIMOHHOW CTPYKTYPHI — HAaOJIOJAN TUCIOKAIIMOHHBIM Xa0C W PeAKHe
o0nacTy, HATOMUHAIOIINE JUCIOKAIIMOHHbBIE sueiku. [locie 80 % nedopmaruu MIOTHOCTH AUCIOKAIWKA Obliia
HACTOJIBKO BEIIUKA, YTO €€ CI0KHO OBIJIO OLIEHUTH METOIOM IIPOCBEUHBAIOIICH HIICKTPOHHON MUKPOCKOTIHH.

JIMCIOKaIMOHHOE CKOJNBKCHHWE SABISETCS OCHOBHBIM MEXaHHU3MOM Je(OpMamuy TpH IPOKATKe
MOHOKPHCTAJ/NIOB BCEX HCCJENyeMbIX oOpueHTaluuil g0 creneHed ocaaku 30 %, 1o 3TOH mNpUUHMHE
OPHUCHTAIIMIOHHON 3aBUCHMOCTH MHKDPOTBEPIOCTH B 3TOM HHTEpBalic crencHed aedopmarmu (y4actok 1, rie
OTCYTCTBYET OPUCHTAI[MOHHAS 3aBUCHMOCTh MUKPOTBEPAOCTH) He Habmronaetes. [Ipu Gonee BRICOKHX CTEMCHSIX
nepopmanuu (Ha yuactke II) B <I111>-MOHOKpHCTa)UIaxX Takxke HAOMIONaIM OOpa3OBaHWE JBONHHKOB
nedopManny ¢ TONIIMHON IUIACTHH B Anama3oHe oT 5 10 30 HM IpEeHMMYIIeCTBEHHO B OJHOW CHCTEME, XOTA
JOKTbHO MeTomoM [IOM Habmomanu W MHOXECTBEHHOE JBOWHHMKOBaHMe. [lmactmdeckas nedopmanus
MOHOKPHCTAJIJIOB JPYTUX OPUEHTALNH, TO-TIPeKHEMY, OblJIa CBS3aHa C TUCIOKAIIMOHHBIM CKOJBKEHHEM. TakiuM
00pa3oM, OpHeHTAaMOHHAs 3aBICUMOCTD JAUCIOKAIIMOHHON CTPYKTYPHI M MeXaHu3Ma aedopmarun Ha yyactke 11
OMpeNeNsIeT pa3Inyus B 3HAUCHHUSAX MHKDPOTBEPIOCTH IPOKATAHHBIX MOHOKPHCTAIZIOB — MPH Pa3BUTHU
IUTAHAPHOTO CKOJIBXKCHUS TMPCHMYIICCTBEHHO B OJHOH cucteMe B <123>-MOHOKpHCTAUIaX 3HAYCHHUS
MHUKPOTBEPJIOCTH HMCIOT CaMble HH3KHE 3HAUCHUS, a MHOXXECTBCHHOC CKOJBbXKEHHE U (opMupoBaHue
JIe(OPMAIMOHHBIX JBOWHUKOB OOCCIICYMBAIOT CAMBIC BBICOKHE 3HAYCHUS MHUKPOTBEPJOCTH MOCIE MPOKATKH
<111>-monokpuctamioB. Ha yuactke III, nBoiiHMKOBaHME HAOMIOTACTCS BO BCEX MCCIEAYEMBIX OPHUEHTALUSX,
HO BKJIQJI €r0 MeHbIIIe, YeM npH nedopmanun <1 11>-MOHOKPUCTAIIIOB.

[Tonmxenne Temmepatrypsl AeopMaiu 10 TEMIEpaTyphl KUMCHHUS JKHAIKOTO a30Ta CHOCOOCTBYET, BO-
MEPBBIX, YCWICHUIO TUIAHAPHOCTH CKONbKeHus mpu 10 % ocajku 1Mo CPaBHEHUIO CO CTPYKTYpPOH, MOJYyYCHHOM
MPHU TPOKATKE B YCJIOBUSIX KOMHATHON TeMIepaTypbl. Bo-BTOpBIX, JBOHHHUKOBAHUE B YCIOBHUAX AedopMaruu
MIPH TEMIEPATYPe KUIICHUS KHUKOTO a30Ta aKTUBUPYETCS MPU MEHBIIUX CTEICHAX Je(OpMAIIMU [0 CPABHCHHUIO
C KOMHATHOM Temneparypoit: B <I11>-moHokpucramiax merogoM I1OM nBoiiHukH aedopmaiy 0OHApPYKEHBI
mpu 30 %, a mpu crenenax aedopmarmmm 70 u 80 % nBoMHWKOBaHWE HAOJIOAAETCS BO BCEX OPHUEHTAILMSX.
Cormacao mamabiM [IOM, nmaxe mocie 80 % ocagkum He TPOUCXOAWT (GOPMHPOBAaHUS AehOpPMAIIMOHHBIX
BBICOKOYTJIOBBIX TPAHHUII (KpOME ABOHHHUKOBEIX), (HOPMHUPYETCS CTPYKTYpa C BEICOKOH IIIOTHOCTHIO THUCIIOKAIINH,

MAaJIOYTIIOBBIMU TPAHUIIAMHE TUCIOKAIHOHHOTO IPOUCXOKICHUS U TBOMHAKOBBIMY TPAHUIIAMH.
Paboma evinonnena npu urancosoii noodepicke PODU Ne 16-38-00232-mon_a. Hccnedosanus

npogedensvl ¢ ucnoavzoeanuem obopyooearnus LIKII nayunvim obopyodosanuem benl'VY  «[uaenocmuxa

cmpykmypul u ceoticme nanomamepuanosy u LIKII UPIIM CO PAH «Hanomexy.
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