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(57) Abstract: The invention relates to the field of mechanical engineering and aerospace, and also of medical materials technology,
where alloys on the basis of magnesium canbe used as construction and/or bioresorption materials. A method for processing magnesium
alloys comprises homogenizing annealing at a temperature of 350-450°C, isothermal multi-axial forging, which can be carried out in
steps in a temperature range of 425-275°C in increments in a range of 10°-40°C with a gradual increase in the upset speed from 2 to 20
mm/min providing a total actual upsetting ratio in the range of 6-10, and isothermal rolling, which can be implemented at a temperature
of 300-200°C in a number of passes where the upsetting ratio in each pass is a maximum of 7% and the total actual upsetting ratio
brought about by rolling is of the order of 1.

(57) Pedepar: M306peTeHHE OTHOCHTCS K 00JIACTH MAIIHHOCTPOUTEIBHONH U ABHAKOCMHYCCKOH OTPACICH, a TAKKE METHI[HHCKOTO
MATCPUATOBCACHHA, TAC MOTYT OBITH TPUMCHCHBI CIUIABBI HA OCHOBC MATHHUA B KAYCCTBC KOHCTPY KIWHOHHBIX HJTH 6HOpCSOp6prCMBIX
Marepuanos. Cnoco6 00paboTKH MarHHEBBIX CILIABOB BKIIOUACT TOMOTCHE3HPY IO OTKHUT pH Temmepatype 350+ 450°C, Bcecto-
POHHIOIO H30TEPMHUECKYIO KOBKY, TPOBOJUMYIO CTYNICHAMH B HHTEpBane Temneparyp 425+275°C ¢ marom B quamazone 10° - 40°C
C MIOCTETICHHBIM yBEIHYECHHEM CKOPOCTH 0CAIKH OT 2 10 20 MM/MHH ¢ 00ECIIEYCHHEM CYMMAPHOIT HCTHHHOI CTeTIeHH Ae()OpMALUH B
muanazone 6 + 10, H H30TEPMHHECKYIO IMPOKATKY, OCYIMECTBIIEMY 0 mpy Temmneparype 300+ 200°C B HECKOIBKO IPOXOJOB CO CTEIE-
HBIO Ze()OpPMALHH B KOKIOM Mpoxone He Oosiee 7% W CyMMapHOH CTETICHBIO HCTHHHOH Ae(opMaluy mpoKaTkoi mopsaka 1.

[npodondcenue Ha cnedyioweti cmpanuye]
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CMNOCOB N’MBEPUOHON OBEPABOTKN MATHUEBBLIX CMNABOB (BAPUAHTbI)

OBnacTtb TEXHUKN

N3obpeTteHmne oTHocuTCA K obnactu  MawwMHOCTPOUTENBHOM 1
aBNaAKOCMMYECKOWN OTpacren, a Takke MeAULUMHCKOro MatepuanoBeeHuns, rae
MOryT ©ObITb MPMMEHEHbI CnnaBbl Ha OCHOBE MarHuMs B KayecTBe

KOHCTPYKLIMOHHbIX U Brope3opbrpyemMbix MaTepumarnos.

MpeawecTBYOLWNA YPOBEHD TEXHUKN

NHTepec Kk wmarHveBbiM cnnaBam oOycnoBneH ux 6GnaronpuaTHbIMMU
CBOMCTBaMMW, BaXXHENLUNMN U3 KOTOPLIX ABMASAETCS UX Manbli yaenbHbIN BEC U
BbICOKas yAenbHas npo4HocTb. Ecnm cpaBHmMBate MarHumi € Apyrumm
MeTannamu, To ero yaernbHbIi BEC COCTaBMSAET NMPMMEPHO YETBEPTYIO YacTb OT
yAEenbHOro Beca cranu, ABe TPeTbUX - OT BECA antOMUHUS U MOYTU ABE NATbIX -
OT YAENbHOro Beca TutaHa. [1oaToMy B HacTosLee BpeEMS MarHMeBble Cnnaesbl,
Hapsay C antOMUHUEBBLIMU U TUTAHOBbLIMUW, MPELCTABNAOT OFPOMHBIA MHTEPEC
ANA  aBMaALMOHHOM U  a3pPOKOCMUYECKOW NPOMbIWNEHHOCTEN. [lpuMeHeHne
MarHMeBbIX CMaBOB B TEXHWKE AenaeT BO3MOXHBIM CHWXEHME Macchl
KOHCTpYKUMM Ha 10+30%, 4TO NO3BOMAET B UTOre 3HAYUTENBHO YMEHBLLUNTL KaK
NPON3BOACTBEHHbLIE TaK M 3KCMiyaTauuoHHble 3dHeprosaTtpatkbl. Kpome TOro,
MarHuin obnagaeTt 3HaYMTENBHO JYYLWMMMK, MO CPaABHEHUIO C antOMUHUEM U
cTanbto, 4eMnUPYIOWUMN XapakTepucTmkamm. T nNpeumyllecTsa, a Takke
TO, YTO MarHUM LUMPOKO pacnpocTpaHeH B NpUpOLe, paclumpsoT obnactu ero
NCMONb30BaHNSA B TEXHUKE.

Apyrmm nepcnekTMBHbIM U AVHAMUYHO Pa3BUBaROLWMMCS HanpaBlieHUEM
NCMONb30BaHNA MarHUs U CnraBoB Ha ero OCHOBE ABNAETCHA UX NMPUMEHEHNE B
MEOULUMHE B CBSA3M C BbICOYanLEN CTPYKTYPHON 3D EKTUBHOCTLIO,
BbIp@XXEHHOW 4pe3Bbl4aHO MpPUBMEKaTenbHbIM COOTHOLUEHMEM MPOYHOCTU U
MNIOTHOCTU M MpakTU4YeCKn unaeanbHONn OMOCOBMECTUMOCTLIO: MarHum -
3NeMEHT, NpuHUMarLwmm yyactne B Gonee yem 300 BUMOXUMMYECKMX peakumsax
B OpraHuamMe, BKJHOYas MNPOLECChl, KOTOpble (POPMUPYHOT KOCTU W MbIWLbI.

Kpome TOro, WMMEHHO MarHum $BNAeTCsa YHUKanbHbIM MartepmanomMm Aansd
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MEAVLMHCKOrO NPUMEHEHNA BBUAY ero nocrteneHHown pesopbupyemoctn. OH

pacTBOPSETCA B YenOBEYEeCKOM opraHumame, obpasysa [OCTaTOYHO MNpOCThble
coeguHeHna (oKcua N rmapOoKCUL), KOTOPbIE HE TOMbKO HE TOKCUMYHBbI, HO Aaxe
CNoCOOCTBYIOT 3aXUBMNEHNIO TKAHEWN.

MpoBeaeHHbIE BO MHOMMX CTpaHax mwupa, Takmx kak CLUA, AnoHus,
Poccua, Kutaw, lepmanunsa, YkpaumHa, ABCTpanus v ap., WUccnenoBaHus
nokasanu, 4to Hapsaay C npeumyliecTtBaMmm MarHMA WUMeeT Takke W pag
He[oCTaTKoB, KOTOPbIE OrpaHn4yMBarT €ro npumMeHeHne B MmeguumHe. Bo-
nepBbiX, YUCTbIN MarHUA WMEET BbICOKYIO CKOPOCTb KOPpO3uUM Jaxe B
HearpecCMBHbIX Ccpefax, Takux Kak KpoBb W pgpyrme (uanonornyeckme
xuakoctn. Kpome TOro, npouyecc Koppo3mm O0ObIYHO COMpPOBOXAAETCA
aKTUBHbIM  MUTTMHrooOpasoBaHMeM, KOTOPOE  HeratMBHO  BAMSieT  Ha
MEXaHn4eckme CBOMCTBa n3genua. lng yctpaHeHnsa 3Toro Hegoctatka MarHum
NernpyroT pasnnyHbIMW 3MNeMeHTaMn, TakMMU Kak Kanbuun, UWMHK, NUTURA,
cepebpo, MapraHey, W HEKOTOpble pefKo3eMenbHble 3neMeHTbl. Bbibop
CUCTEMbI NErnMpoOBaHNS OCNOXHAETCA YCNOBMEM, COrfacHO KOTOPOMY cam
nernpyrowmMn  3nemMeHT, a TakkKe npoAyKTbl KOppo3umn, obpasoBasBLUMECSH
BNOCNEACTBUN, HE AOMMKHbl ObITb TOKCUYHbI ANa opraHu3ma. Brtopoun
npobnemMmoun aBNSEeTCA TO, YTO, XOTSA MarHMn obnagaeT YpOBHEM MeXaHUYECKNX
CBOWCTB DNN3KMM K YPOBHKO KOCTHOW TKkaHu (Mopynb KOHra paseH 5+55 Mlla n
45 MlMa pna KOCTHOW TKaHW U MarHusa, COOTBETCTBEHHO), Ha MpakTuke 3TOro
MOXeT ObITb HefOoCTaTOYHO, TakK Kak ANA ero yCrnewHoro npuMeHeHUsa B
KadecTBe OpPTONEAUYECKMX  WUMNNaAHTaTOB W SNIEMEHTOB  KPEeneXHblX
KOHCTPYKUMW KenaTtenbHbl CyLWEeCTBEHHO ©Oonee BbICOKME MNPOYHOCTHbIE
xapaktepuctumkn - Ha yposHe 400 MIlla v pgaxe Bbllwe, B 3aBUCUMOCTU OT
KOHKPETHOro npumeHeHus. MosTomMy BO3HMKaeT NOTPeOHOCTb B YMNPOYHEHUM
MarHueBbIX  cnnasoB. JlermpoBaHue, BbINONHAEMOE ANA  yhyudleHWs
KOPPO3MOHHOW CTOMKOCTM, B HEKOTOPOWM MeEpe Takke nMOBbIWaeT W
MEXaHNYEeCKMEe XapaKTePUCTUKN, HO UX HEODXOAUMBIN YPOBEHb MOXHO AOCTUYb
nyTem wW3Menb4YeHWa 3epHa BMAMIOTb A0 ynbTpamenkosepHucton (YM3)
CTPYKTYpbl. PopmupoBaHne YM3 cCTpykTypbl, B OTNn4YnMe OT OObIKHOBEHHOrO
N3Menb4YeHNa 3epHa A0 pasmMepoB CBbiWe 1+2 MKM, NMPUBOAUT He TOMbKO K

CyweCTBeHHOMY YIMpPOYHEHNIO MarHmeBbiX CcCnnaBoB, HO TakKke 4acto He
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yXyAlaeT, a B psAae ChyYaeB W ynydlwaeT KOPPO3MOHHYH CTOMKOCTb

MarHueBbIx cnnaesoB. [loaTomy nonyyeHne YM3 CTpykTypbl B MarHmeBblX
cnnaeBax SBNSETCA  MNEpPCneKkTUBHbIM W akTyallbHbIM  HanpaslieHneMm
dursmnyeckoro matepunanoBeseHnsamMm.

KoHeuHble (noTpebuTtensckne) CBOMCTBaA MarepmanoB ONpeaensaTca He
TONMBbKO WX XUMUYECKMM COCTaBOM, HO W B 3HAYUTENbLHOW Mepe AU3anHOM
MUKPOCTPYKTYpPbI: pasMepoM U pacnpefeneHmemM 3epeH, pacnpegeneHnem
yacTuy, a3, kpuctannorpadumyeckonm TekcTypou u T.4. Ana nonyyeHus
HEOBXO4AMMON MUKPOCTPYKTYPbl B HACTOSALLEES BPEMSA Pa3BUT LUMPOKUMA Habop
METOA0B AedhopMaLUMOHHOW TepMOMeExaHnyeckon obpaboTkm. B 1o Bpemsa kak
TPaANUNOHHbIE MeTOAbl 0BpaboTKkM, TakMe Kak IKCTPYy3us 1 npokaTka, yaobHbl
Ans  nonydeHua nonydabpukatoB C  CUMBHOWM  KpucTannorpagpuyeckon
TEKCTYPOWN, NPUMEHEHNE METOAOB MHTEHCUBHbLIX MAacTU4eckmx gedopmannn
NO3BONAET HEe TOMbKO CYWECTBEHHO U3MENbYNTb MUKPOCTPYKTYPY A0
CYOMUKPOHHBIX pasmMepoB U Jobutbca 3HaumTenoHo ©Gonee OAHOPOAHOrO
pacnpegeneHma  4actuy  ynpodHawwmx ¢as, HO K1 cdopmMmpoBaTb
cyuwlectBeHHo ©Gonee cnabyr TekcTypy. Hambonbwen rmbkocteto obnagatot
rmbpugHble TexHonorunu, covyeTtarome pasnnyHble KomBuHayum
AedopMaLnoHHbIX METOAO0B.

Boibop cxembl pedopMaunMOHHON TepMoMexaHundeckon o06paboTkum
onpefensaeTca Kak 4YUCTO TEXHONMOrn4Yeckumn akTtopamm BO3MOXHOCTHU
peanuMsaunm TOW WKW WMHOW CXEMbl NpPpU 3a4aHHOW TFEOMETPUN 3aroTOBKMU
(Hanpumep, 3agaHHbIMWM  pasMepaMm  UCXOAHbIX  CIUTKOB), Tak W
3PPEKTUBHOCTLH  Pa3fNYHbIX CXEM Ana (OPMUPOBaAHUSA TOW WKW UHOW
MUKPOCTPYKTYPbl U KpucTanmnorpamuyeckon TekCTypbl. CyllecTByeT O4YeHb
onbLoe KONMYecTBO cxeM 06paboTkm MarHMeBbIX CNNaBoOB, HAYMHASA OT TaKuXx
TPpagLUMOHHBIX Kak npamMasa n obpaTHas SKCTPY3Us W npokaTka, U 3akaHvmBas
3P PEKTMBHBIMM CXEMaMM, NO3BONAOLWMMM NONyYaTh OUYEHb BOMbLUME CTEMNEHN
Aedopmannm n CUNbHO N3MENbYEHHYIO CTPYKTYPY B 3aroToBKax - 3TO METOAbI
WHTEHCMBHbBIX MNMacTU4ecknx agedopmauyuin, BKIKOYaKLWME KpyyeHue nopg
rmapocTtaTMyeckuMm AaBfeHWEM, paBHOKaHanbHOE YrnoBoe MpeccoBaHne
(PKYIT), BcecTopoHHIOKO m3oTepmuyeckyo koBky (BUK), poTaumoHHyro KOBKy

(PK) n mHorue gpyrue.
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4
B kauectBe npumepa MOXHO npuBECTM cnocod® KOMBUHMPOBaHHOW

WHTEHCMBHOW NnacTuyeckon pedopmayum metannmyeckon nnactuHbl (RU
2514239 C2, MIIK B21C 25/00, pata nogauyn 3asekm 05.06.2012),
BKNOYawwWnn  gedopMmpoBaHne nnacTuHbl MNyTeM KaHanbHOro  yrroBoro
npeccoBaHna npojaBnMBaHMEM NNACTUHbI Yepes3 nepecekaromecs nepBbin u
BTOPOW KaHanbl matpuubl C nM3rmbom No ee BbICOTE B NMEPBOM KaHane, AHO
KOTOPOro BbINOMHEHO BOMHOOOpa3HbiM, M C W3MEHeHneM {OpMbl €€
NoNepeYHoOro ceyveHMsa BO BTOPOM KaHamne, MMeKLEM MonepeyHoe ceyeHne B
dopme rodpa. OpHOpPOAHOCTL Jedopmayum N0 CEYEHUH NNnacTuHbl W
obecneyeHne BO3MOXHOCTM MHOFOKPATHOrO  YMNPOYHEHMA NnacTuHbl C
HenpambiM Npodunem obecneymBaroTCa 3a CYET TOro, YTO NEpPeaHUN KOHeL
NnacTuHbl BbINOMHAKT B POpME AHA YNOMAHYTOrO NeEpBOro kaHana, npyv 3Tom
NOBTOPHbIE UWKMbl MNPEecCOBaHWA NMacTuHbl C  WU3MEHEHHOW OpPMOK
NONEPEYHOro CeYeHUsa Nocne NepBoro LuMKna npouMs3BOAAT C MUCMONb30BaHNEM
ycTponcTBa ANA MOBTOPHbIX LMKMOB NPECCOBaHWA, NEPBbLIN KaHam KOTOpOro
BbIMNOMHAOT C NOMNepPeYHbIM CeYEHMEM, aHanOrnyHbIM MOMEPEYHOMY CEeYEeHUHD
YNOMSAHYTOro BTOPOro KaHana.

N3BecteH cnoco® KOMOUHMPOBAHHOW WHTEHCUMBHOW MNacTU4eCKOW
Aedopmauyum sarotosok (RU 2529604 C1, MINK B21J 5/06, C22F 1/18, B82B
3/00, pata nogaum 3aaskm 08.04.2013), 3aknovaroWMmMcs B TOM, 4TO ANA
NonyyYeHUa HaHOKPUCTaNNMYECKMX 3aroTOBOK MeTannoB W CnnaBoB C
yINyuLEeHHbIMW PU3MKO-MEXaHNYECKNMN cBOUCTBaMM npoun3BOAAT
paBHOKaHanbHOEe YrnoBOe MpecCcoBaHMe LUIMHAPUYECKON 3aroToBku. [lpu
3TOM B MeTanne 3aroToBKM (DOPMUPYIOT YNbTPaMESNKO3EPHUCTYIO CTPYKTYPY C
pasmepom 3epHa 200+-300 HM. 3aTtem 3aroTOBKY paspes3arT Ha AUCKU, KaXAbIn
N3 KOTOPbIX NOABEPrawT UHTEHCMBHOW nnacTnyeckon aedopmManmm KpyvyeHmem
npu noMowm AByx Bpalwjarowmxca borkos. Jedopmaymio KpyvyeHnem npoBogar
npu KOMHaTHOM TemnepaTtype nog pasneHnem 4-6 [Tla npu konuyecTtse
obopoToB BounkoB n<2. MNpn aTom obecneumBaroT HPopMMpPOBaHME OAHOPOLHON
HaHOKPMCTaNNM4YeCKOW CTPYKTYpPbl C paamepom 3epHa <100 HM. B pesynbTarte
ynyJdwarTca Pu3nko-MexaHn4deckme ceonctea obpabartbiBaemoro metanna.

Tak e nsBecteH cnocob obpaboTkm mMarHMeBOro cnnaesa cuctembl Mg-
Al-Zn metogom poTtauymoHHon koBkm (RU 2664744 C1, MIMK C22F 1/06, pata
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nogaun 3asBkm  28.11.2017), KOTOpPbIM BKNKOYaAET NpeaBapUTENbHYHO

TepMooBbpaboTKy nyTeEM TrOMOreHU3MPYIOWEro OTXura npu TemnepaTtype
450+500°C n poTayMOHHYH KOBKY, NPUYEeM POTaLMOHHYIO KOBKY OCYLLECTBNAOT
cTynenH4yaTo B uHTepBane temnepatyp 400+350°C ¢ cymMmapHOM WCTUHHOM
cTeneHbld gedopmauum 2,53, npym 3TOM KOBKY Ha KaXAoW CTymneHwu
OCYLLECTBNAKOT nNpu Temnepatype Ha 25°C Hwxe npeablaylwen cTyneHn [o
NnonyyYeHna CTPYKTYpPbl, COCTOALLEN U3 3EPEH CO CPEeAHUM pasMepoM MeHbLue 5
MKM, HacbIWEHHbIX ABOWMHMKamMu pedopmMaumn. TexHUYEeCcKUM pesynbTaToMm
n3obpeTeHna ABMSETCHA MOBbIWEHWE NPOYHOCTU ChfaBa Ha OCHOBE MarHug
cucrtembl Mg-Al-Zn ¢ ofHOBPEMEHHBLIM MOBLILLEHWEM €ro NnacTU4YHOCTM.

Hanbonee 6nm3kum no cytn npegnaraemMomy Hamm n3obpeTeHnto MOXHO
cuntate cnocob obpaboTkm wmarHmeBoro cnnaea cuctembl Mg-Y-Nd-Zr
METOAOM paBHOKaHanbHOro yrnosoro npeccosaHnsa (RU 2678111 C1, MIK
C22F 1/06, pata noaaydun 3aaBKU 21.05.2018), BKITHOYaIOLWLNIA
FOMOreHM3NPYOLWMA OTXUI Npyn TemnepaTtype 500+530°C B TeyeHne 7+9 yacos
C nocneayrowum OoxnaxieHMeM Ha BO3AyXe W paBHOKaHanbHOE YrnoBoe
npeccoBaHne, KOTOPOE MNPOBOAAT CTyNeH4YaTo B MWHTepBane Ttemneparyp
425+300°C ¢ cymMMapHOU UCTMHHOW CTeneHbto gedopmaunm 6,0+8,0, npm aTom
paBHOKaHanbHOE YrrnoBOE MPecCOBaHWE Ha KaXAOW CTYMEHW OCYLLEeCTBNAT
npun Temnepatype Ha 25°C Hwxe TemnepaTypbl npeabligylien CTyneHu A[o
NonNyyYeHUa CTPYKTYpbl, COCTOALWEN W3 3epeH pasMepoM MeHee 1 MKM.
TexHN4YecknumM pesynbTaTtom n3obpeTeHns SBnAeTCa NOBbIWEHNE NNAaCTUYHOCTU
cnnaesoB cuctembl Mg-Y-Nd-Zr npn coxpaHeHunm AOCTaTOYHOW MPOYHOCTWU 3a
CYET CMEHbl NPEMMYLLECTBEHHOrO MexaHuama pedopmaumm ¢ BasncHoro Ha
NPU3MaTUYECKOE CKOMbXEHME.

Bce ynomsaHyTbie cnocobbl 06paboTkm mMarHMeBbixX cnnasoB obnagaroT
CYWECTBEHHbIM HEAOCTaTKOM - OHW He YHMBepcanbHbl OTHOCUTEMBHO
HOMEHKNaTypbl n3genuin. MNpakTnyeckn Kaxabi HOBbIW, BUA nagenuns tpebyer
N3roTOBMEHNS HOBOrO BMAA OCHACTKM W NPMBNEYEHUA [OMNOMHUTENBHOrO
TexHonorndeckoro obopyaposaHua. Kpome Toro, npm obpabotke CcnutkoB
fonbwMX pasMepoB TakMMu MeTogamm pedopmaynoHHonm obpaboTkm, Kak,
Hanpumep, PKYT, BO3HMKaOT HENPEO4ONMNMbIE Ha CEroAHALLHEM TEXHUYECKOM

YPOBHE CMOXHOCTW, 0OyCcnoBneHHble HeOOX0AMMOCTbIO MPUMEHEHNS OFPOMHbIX
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yCcunumn B npeccax.

TexHnyeckasa 3agava.

Llenbto Hactoswero wn3obpeteHns aeBnseTca cosgaHue cnocoba
rmbpuaHon 06paboTkM MarHuMeBbiX cnnaeoB, obnagarowero [oCTaTo4YHO
LLINPOKOW TEXHONOrN4YeCcKomn YHMBEPCAaNbHOCTLIO, obecneumBaroLLero
NoBbILWEHNEe NNacTUYHOCTU MarHMWeBbIX CNMaBOB MNpU  O4HOBPEMEHHOM
NOBbLILEHUM UX MPOYHOCTHBIX N YCTanOCTHbBIX CBOMCTB.

lMocTtaBneHHas Uenb focturaetca 1em, 4to cnocod rmbpmagHonm obpaboTkm
MarHMWeBbIX CMMaBoOB COMMacHO M30DPEeTEHUIO, BKIKOYAEeT [OMOrEeHU3NPYHOLLNIA
OTXKWUI, BCECTOPOHHIOK W30TEPMUYECKYIO KOBKY W M3OTEPMMUYECKYHO MpPOKaTKY.
[OMOreHM3MpyOLWMn ~ OTKAr  OCYLLECTBNAT npu  Temnepartype 350+450°C.
BCeCTOpPOHHIO M30TEPMUYECKYIO KOBKY MNPOBOAAT CTYNEHAMM B WHTEpBane
Temnepatyp 400+-300°C ¢ warom 25°C 1 C NOCTENEHHBIM YBENNYEHNEM CKOPOCTMU
ocagkm ot 2 Ao 20 Mm/MMH ¢ obecnevyeHnemM CyMMapHOW WCTMHHOW CTEMNEHW
aedopmayunn B ananasoHe 8+10. N3oTepMnyeckyto NpokaTky OCYLLEeCTBNAT Mnpu
Temnepatype 300:250°C B HECKOMbKO MPOXOAO0B CO CTeneHbko gedopmaunn B
Kakgom npoxoge He Bonee 5% 1 CyMMapHOW CTeneHbH UCTUHHOW aedopmannm
npokaTkom nopsaka 1.

lMocTaBneHHas uUenb AOCTUraeTCa Takke Tem, 4To cnocod rmbpuagHon
0bpaboTkm  MarHMeBbIX ~ CNMaBOB  COrMacHO  M300pPETEHMIO,  BKIKOYaeT
FOMOTEHU3MPYIOLMA  OTXKUI,  BCECTOPOHHIOK  M3OTEPMMUYECKYHD  KOBKY W
N30TEPMUYECKYIO MPOKaTKy. [OMOreHM3upyrowmn OTXKUM  OCYLLECTBNAT Npwn
Temnepatype 350 = 450°C. BCeCTOPOHHIO W3OTEPMUYECKYHO KOBKY MPOBOAAT
CTyneHsaMK B nHTepBane temneparyp 425 + 275°C ¢ warom ot 10°C go 25°C unc
NOCTEMNEHHBLIM YBENMYEHNEM CKOPOCTU 0cagku oT 2 Ao 20 MM/MUH ¢ obecneveHmnem
CYMMapHOW WCTUHHOW CcTeneHn pedopmaumm B AnanasoHe 8 -+  10.
N3oTepmmyeckyto npokatky ocyLlecTBnaT npu Temnepatype 300 + 250°C B
HECKONBKO MPOXOA0B CO CTeNeHbo AedopmMauummn B Kaxaom npoxoae He bonee 7%
N CYMMapHOW CTEMEHBIO NCTUHHOW aedopMaummn npokaTkon nopsaka 1.

lMocTaBneHHas uenb AOCTUraeTca Takke Tem, 4To cnocod rmbpugHom
0bpaboTkm  MarHMeBbIX ~ CNMaBOB  COrMacHO  M300pPETEHMIO,  BKIKOYaeT

FOMOTEHU3NPYIOLMA  OTXKUr,  BCECTOPOHHIOKD ~ U30TEPMMUYECKYHD  KOBKY U
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N30TEPMMYECKYHD TMpPOKaTKy. [OMOreHM3VpyoLWMA OTKUM  OCYLLECTBNSIOT  MNpU

Temnepatype 350 = 450°C. BCeCTOPOHHIO W3OTEPMUYECKYHO KOBKY MPOBOAAT
CTyneHsaMK B nHTepBane temneparyp 425 + 275°C ¢ warom ot 25°C o 40 °C unc
NOCTEMNEHHBLIM YBENMYEHNEM CKOPOCTU 0cagku oT 2 Ao 20 MM/MUH ¢ obecneveHmnem
CYMMapHOW WCTUHHOW CcTeneHn pedopmaumm B AnanasoHe 8 -+  10.
N3oTepmmyeckyto npokatky ocyLlecTBnaT npu Temnepatype 300 + 250°C B
HECKOJNbKO MPOXOA0B CO CTeNeHbo AedopmMaummn B Kaxaom npoxoae He bonee 7%

N CYMMapHOMW CTEMEHbKD WUCTMHHOM gedopmaumm npokaTkon nopsgka 1.

TexHU4YeckuM  pes3ynbTatoM U300peTeHus [BNSieTCs  MNOBbIWEHUe
NNacTUYHOCTM MarHWeBbIX CMNiaBoB MPU OAHOBPEMEHHOM MOBbLILLEHUN KX

NPOYHOCTHBIX N YCTaNOCTHbIX CBOWCTB.

OnucaHve ocyLllecTBNeHNa 3asaBNEHHOro n3obpeTeHns.

B kadecTBe KOHKPETHOro npumepa peanusaymm crnocoba npueeem
pesynbTaTtbl UCCNELOBaHNUS OAHOrO W3 HECKONbKUX MarHMEBbLIX CMnaBoB, a
nmeHHo Mg-1,0Zn-0,18Ca.

C uenbl yMeHblEeHMa AeHAPWTHOW nuMKBauuvm cnnae cHadana Obin
noaBeprHyT omxury npu Temnepatype 400°C pgnuTenbHOCTbO 4 vaca C
nocrneaywwmmMm  oxnaxaeHmem Ha  Bosgyxe. [locne  romoreHusayum,
cKkanbNMpOBaHUA CNUTKa U yaaneHust ycagouHOW pakoBWHbI BbINO NOMyYeHo
HEeCKONbKO 3aroToBOK C pasdmepamMn @ 58x153 mm.

Beino onpobosaHo 3 BapnaHTta BUK.

1. B cymme nposepneHo 5 unknos BUK. OBpasoBaBLUMECA NMPU KOBKe
TpewuHbl Obinn  cownudgoBaHbl. CymmapHOe BpeMsA  BbILEPXKM  Npw
Temnepatype 400°C+-1,5 vaca, 375°C+-1 vac, 350°C - 1,5 vaca, 325°C - 1,5
yaca, 300°C - 1,5 vaca. lNonyyeHa 3aroTtoBka c pasmepamum @ 63x129 Mmm.
CteneHb pedopmaumn 3a umkn BUK coctaBuna e~1,82, cymmapHada cteneHb
aegopmaunm e~9,1.

2. B cymme nposepneHo 5 unknos BUK. OBpasoBaBLUMECA NMPU KOBKe
TpewuHbl Obinn  cownudgoBaHbl. CymmapHOe BpeMsA  BbILEPXKM  Npw
Temnepatype 425°C — 1,5 vaca, 385°C — 1 vac, 345°C — 1,5 vaca, 305°C - 1,5

yaca, 275°C — 2 vaca. lNony4yeHa 3aroTtoBka C pasmepamum @ 63x129 M.
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CteneHb pedopmaumn 3a umkn BUK coctaBuna e~1,76, cymmapHaa cteneHb

aegopmaunum e~8,8.

3. B cymme nposepeHo 6 unknos BUK. OBpasoBaBLUMeECA NMpu KOBKe
TpewuHbl Obinn  cownudgoBaHbl. CymmapHOe BpeMsA  BbILEPXKM  Npw
Temnepatype 400°C — 1,5 vac, 370°C — 1 vac, 345°C — 1,5 vaca, 325°C - 1,5
vyaca, 310°C — 1,5 yaca, 300°C — 2 yaca. lNony4yeHa 3aroToBka C pasmepamu g
63x129 wmm. CteneHb pgedopmaumm 3a umkn BWUK cocraBumna e~1,62,
CyMMapHas cteneHb gedgopmauunm e~9,7.

Bce BUK-3arotoBku 6binn paspesaHbl nononam: ogHa nofoBMHA Kaxaon
OCTaBfieHa B TakOM COCTOSHWU (MapKUPOBKW, B COOTBETCTBUMU C pexmmamiu
BUK: VIK1, VIK2 n VIK3), a BTOpble NONOBUHbLI BbiNn OCaXeHbl A0 BbICOTbl ~
8,8 MM (e~2) npu 300°C. MNony4eHHble guckn nmenun pasmepbl @ 160x8,8 MMm.

[Ana nocnepyrowen N3oTEPMMYECKON NPOKaTKM U3 AUCKOB Bbipe3anu no
ABe 3aroToBku pasMmepamn 115x56x8,8 mm.

1. [IBe 3aroToBkM Oblnn HarpeTbl Ao Temnepatypbl 300°C B TeyeHue 15
MUWHYT W MNpoKaTaHbl CO CKOpOCTb 2,4 mMm/cek. CTeneHb pedopmauyum 3a
npoxoA He npesbiwana 5%. llocne kaxgoro npoxofa 3aroTOBKW nogorpesan
B TedeHMe 5 MUHYT (cTabunmaupoBanu TemnepaTypy) B Meyu, Harpeton [o
TemnepaTypbl npokaTku. CymmapHas cTeneHb JAedopmauum coctasuna
e~0,84, koHeuHasa TonwmHa nuctoB ~ 3,8 mMMm. OOllee BpemMA HaxoXAeHWUS
3arotoBok npu 300°C npw npokatke coctasBuno 3 yaca. MapkupoBka cnnasa c
KoMBuHMpoBaHHOW aedopmaunoHHon obpabotkon (BUK + nsotepmudeckasn
npokatka) - VIK1P.

2. OcTtanbHble 3aroToBku BbINM HarpeTbl 4o Temnepatypbl 300°C B TeyeHme
15 MUHYT M npokaTaHbl CO CKOpocTbo 2,4 mm/cek. CTeneHb aedopmaymn 3a
npoxoA He npesbiwana 7%. llocne kaxgoro npoxofa 3aroTOBKW nogorpesanu
B TedeHMe 5 MUHYT (cTabunmaupoBanu TemnepaTypy) B Meyu, Harpeton [o
TemnepaTypbl npokaTku. CymmapHas cTeneHb JAedopmauum coctasuna
e~0,84, koHe4dHas TonwmHa nuctoB ~3,8 mMMm. ObBuwee BpemMA HaxoXAeHUSs
3arotoBok npu 300°C npw npokatke coctasBuno 3 yaca. MapkupoBka cnnasa c
KoMBuHMpoBaHHOW aedopmaunoHHon obpabotkon (BUK + nsotepmudeckasn
npokatka) —VIK2P u VIK3P (cooTBeTcTBeHHO BapunaHTam BUK)

Pe3yanaTb| WCMbITAHUA Ha pacTtaxeHme nokasanum, 4to cnnaB nocne
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BCECTOPOHHEN M3oTepMmmyeckon koBku (VIK1) peMOHCTpUpyeT MEeHbLUY Mo

CpaBHEHUI0, HanpuMmep, C 3KCTPyAMpPOBaHHbIM COCTOAHMEM MpoYHOCTL (~200
Mlla), Ho 3HauYnTeneHO BonNbLUYI NNACTUYHOCTL (~26%). CoyeTaHue xe BUK ¢
nsotepmudeckon npokatkoun (VIK1P) nossonaeTt noBbICUTb NPOYHOCTL A0 ~ 260
Mla 6e3 cywecTBEHHOr0 CHWKEHNS nnacTtuyHocTh (~21%). Ob6pasuybl VIK2P un
VIK3P nokasanu pesynbTatbl N0 NOBbILWEHUIO MNPOYHOCTU A0 NpUMEpPHO 250—
260 Mla 6e3 cyLweCcTBEHHOr0 CHMXEHNS NnacTUYHOCTU (~19-21%).

KayeCTBEHHbIN W KOMUYECTBEHHbIN aHanu3 MUKPOCTPYKTYPbl BCeEX
oBpasuoB NpoBOAMNN Ha onTudecknx mmkpockonax «Nikon L150» n Axiovert 40
MAT, a Takke pacTpOBOM ONEeKTPOHHOM Mukpockone Tescan Lyra3 Ha
wnmdax, M3roToBrneHHbIX MEXaHWYeCKkMM LWNUQOBaHNEM U MONMPOBaHUEM MO
CTaHZapTHOM npoueaype. 3epeHHyr CTPYKTYpy BbIABNANM  XUMUYECKUM
TpaBrneHMeM B TeyeHMe 5 CceK. B peakTuBe cneayruwero cocrasa: 75 Mn
3TUNOBBLIA CNMPT, 2 T NUKPUHOBas kucnoTa, 37,5 Mn ykcycHasa kucnorta, 20 Mn
anctunnupoBaHHasa Boga. 3atem obpasuybl npombiBanu B TedeHne 5 ¢ B 10%-
HOM pacTBOpPE a30THOMW KMCNOThI.

CTpykTypa cnnaBa B COCTOAHMM MOCTaBKM TUMWYHAS KPYMNHO3EpPHUCTaS
nnMTas Cco CpaBHUTENbLHO OAHOPOAHBLIM pacnpepeneHneMm m3bbIToYHbIX (a3
(dur. 1 - MUKPOCTPYKTypa cnnaesa B CcOCTOaHWM nocTasku). [locne
BCECTOPOHHEN M30TEPMUYECKON KOBKW CTPYKTypa CTaHOBUTCA OLHOPOLHOWN
MENKO3EPHUCTON C pasMepoMm 3epHa okono 4 Mkm. [lpn 3TOM CTpyKkTypa
CTaAHOBUTCA OAHOPOAHOM Kak Ha MMUKPO-, TaKk U MakpoypoBHe (dur. 2 -
MukpocTpyktypa cnnasa nocne BWK (VIK1)). [lpokatka npakTunyecku He
MEHSEeT AMUCMNEePCHOCTb U OAHOPOAHOCTL CTPYKTYpPbl (Pur. 3 - MUKPOCTPYKTYpa
cnnasa nocne BUK, ocagkn n nsotepmmyeckon npokatku (VIK1P)).

Kpome TOro, 6binnM npoBeAeHbl MUKPOCTPYKTYPHbIE UCCNenoBaHWA
METOAOM CKaHMPYHOLLEN 3SMEKTPOHHON MWKPOCKOMUMM COBMECTHO C MEeTOLOM
Andpakymm obpaTtHO paccesaHHbIx anektpoHos (EBSD) ¢ nomoLwybo pactpoBoro
3neKkTpoHHOro Mwukpockona Carl Zeiss Sigma, ocHaweHHOro peTektopamu
InLens n SE.

Uccnepgosanun cedvenma wnuga VIKIP B Hanpaenenmax ED w TD.
Tonorpadpunsa NOBEPXHOCTEN HadnHana NpoABnATLCA Ha yYBENUYEHUAX NOpsaKa

10000, ogHako Kakmx-nNnMboO MUKPOCTPYKTYPHbIX OCODEHHOCTEN BbIABNEHO HE
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6bIno. YCTaHOBNEHO paBHOMEpPHOe pacnpeneneHne XUMUYECKUX 3NEeMEHTOB

6e3 «kakmx-nmbo npusHakoB obOpasoBaHus  cneuuduyeckmx das  3a
WUCKNIOMEHMEM  OTAENbHbIX BKIHOYEHUA KanbUMa W LUMHKA B  OCHOBHOM
MarHMeBon matpuue.

TekcTypy aedopmMmpoBaHHOro cnnaea wuccnegosany metogom EBSD c
ncnone3osaHnem EBSD ckaHOB, MOMyYeHHbIX B CKaHUPYHOWEM 3MEeKTPOHHOM
Mmukpockone ZEISS SIGMA ¢ nonesbiMm katogom wn pgetektopom EDAX/TSL
Hikari 5.0.

B ncxogHoOM nMTOM COCTOAHUM CTPYKTypa Cnnasa 04HOPOAHAasNA, TEKCTypa
6nuska Kk cnyvamHow. [locne BCECTOPOHHEN WN3OTEPMUYECKOM  KOBKMW
peannayeTcsa O4YeHb O4HOPOAHAA MOMHOCTLI PEKPUCTANNN3OBAHHAa CTPYKTypa
C AOCTaToO4YHO MENKUM 3epHOM. B nnockocTu, mapannensHOW OCK 3aroTOBKW,
HabnogaeTca TekcTypa, xapaktepHaa ana PKYIl, Ho ¢ 6onee pasmbITbiM
pacnpegeneHnem 6asncHbIX MNIOCKOCTEN OTHOCUTENBHO MOMCOB, 4TO
aBngeTca npemmywectsom. [lpy 3TOM MakcumanbHOE 3HavyeHWe TEeKCTypbl
OTHOCUTENBbHO HEBENUKO W coctaBngeT 6,5. [dedopmaynoHHble LBOWNHUKK
OTCYTCTBYHOT. [locne  uv30TEPMUYECKOW npokaTkm obpasyoB  cnnaea,
npowefwmnx BCECTOPOHHIOK  U3OTEPMUYECKYIO  KOBKY, B  Martepuane
dopmupyeTCca xapaktepHaa TekcTypa npokaTku ¢ 6asuCHbIMU MIAOCKOCTAMM,
COPUEHTUPOBAHHBLIMWN NEPNEHANKYNAPHO HanpaBreHWo NPOKaTKu.

N3  BbIWEM3NOXKEHHOrO CrneayeTt, 4To, Kak C TOYKM  3peHusd
MUKPOCTPYKTYPbl, TaKk W TEeKCTypbl, BeCbMa MNEepCneKkTUBHbIM SBNAeTCH
npegnaraemoin  cnoco®  rmbpupgHonm  oBpaboTkm  MarHMeBLIX  CMaBoOB,
no3BonarwWmMn  nNpoBoAnTL 0B6paboTKy 3arOTOBOK  LUMPOKOro  gumanasoHa
pasmMepoB A0 O4YeHb Oonbwux cTeneHen pedopmMauum M M3rotTaBnueaTthb
nonydabpukatel camon pasnuyHon opmbl. Ero npumeHeHne obecneumpaet
nony4YeHne O4YeHb OAHOPOAHOW MENKO3EPHUCTON CTPYKTYPbl C MEHbLUEN
OCTPOTOWN TEKCTYpbl MO CpaBHEHMUIO, Hanpumep, ¢ skCcTpyamen n PKYTI, yTto, B
CBOKO OYepenb, MO3BoONAeT nonyvyarb A[OCTaTOMHO BbICOKME 3HAaYeHus
MPOYHOCTM U MNNACTUYHOCTW, a TakKe YMEeHbLUEHHYD acCUMMETPUIo
MEXaHMYECKOro MOBEAEHNA W, Kak CneacTBue, MNOBbIWEHWE YCTanoCTHbIX

XapaKTePUCTUK.
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dopmyna naobpeteHus

1. Cnoco®b rmbpuaHon obpaboTKkn MarHMeBbix CNNaBoOB, BKOYAOLWMA
FOMOrEHN3VNPYIOLWNA  OTKUF, BCECTOPOHHIOK U30TEPMUYECKYHO KOBKY W
N3OTEPMUNYECKYHO NPOKaTKY, OTANYAKOLWMANCA TEM, YTO FOMOrEHU3NPY LA
OTXWUr ocywecTBnaroT npu Temnepatype 350+:450°C, BCECTOPOHHIOK
N30TEPMUYECKYHO KOBKY MPOBOAAT CTYyMEH4YaTto B WHTepBane Temnepartyp
400+300°C c warom 25°C 1 ¢ NOCTENEHHBIM YBENNYEHNEM CKOPOCTU OCaAKN
oT 2 go 20 mMm/mymH Cc obecneyeHnem CymMMapHOW WUCTUHHOW CTEneHn
aedopmayum B guanasoHe 8+10, a Kn30TEepMUYECKyro MpoKaTky
ocylecTBnaoT npu Temnepatype 300+:250°C B HECKOMbKO NPOXOAO0B CO
cTeneHblo gedopmaunm B Kaxaom npoxoge He Bonee 5% wn cymmapHow
CTENEHbLK UCTUHHOM fedopMannm NpokaTkon nopsagka 1.

2. Cnocob obpaboTkn MarHumeBbIX cnnaesoB BKIOYaEeT
FOMOrEHN3VNPYIOLWNA  OTKUF, BCECTOPOHHIOK U30TEPMUYECKYHO KOBKY W
N3OTEPMUNYECKYHO NPOKaTKY, OTANYAKOLWMNCA TEM, YTO FOMOIrEHU3NPY LA
OTXWUr ocyecTBnaroT npu Temnepatype 350 + 450°C, BCECTOPOHHIOH
N30TEPMUYECKYHO KOBKY MPOBOAAT CTYNEHAMU B WHTepBane Temneparyp
425 = 275°C c warom B amanasoHe ot 102 go 25 2C m ¢ nocreneHHbIM
YBENNYEHNEM CKOPOCTM ocagkm oT 2 o 20 MM/MMH C obecnedyeHnem
CYMMapHOMW WCTUHHOW CTeneHn pedopmaumm B auanasoHe 8 + 10, a
N30TEPMUNYECKYHO MPOKAaTKY OCyLLECTBNAT npu Temnepatype 300 + 200°C B
HEeCKOMbKO MPOXOAO0B CO CTeneHblo aedopmMaumm B KaxLoM MNpOXone He
bonee 7% N CyMMapHOW CTEMNEHbK WCTUHHOM Aedopmauyum npoKaTKon
nopgagka 1.

3. Cnocob  obpaboTkm MarHmeBbIX cnnaeoB BKMOYaeT
FOMOrEHN3VNPYIOLWNA  OTKUF, BCECTOPOHHIOK U30TEPMUYECKYHO KOBKY W
N3OTEPMUNYECKYHO NPOKaTKY, OTANYAKOLWMANCA TEM, YTO FOMOrEHU3NPY LA
OTXWUr ocyecTBnaroT npu Temnepatype 350 + 450°C, BCECTOPOHHIOH
N30TEPMUYECKYHO KOBKY MPOBOAAT CTYNEHAMU B WHTepBane Temneparyp
425 = 275°C c warom B gnanasoHe ot 25 2C po 40%C mn ¢ nocTeneHHbIM
YBENNYEHNEM CKOPOCTM ocagkm oT 2 o 20 MM/MMH C obecnedyeHnem

CYMMapHOMW WCTUHHOW CTeneHn pedopmaumm B auanasoHe 8 + 10, a
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N30TEPMUNYECKYHO NMPOKaTKy OCyLLECTBNAT npu TemnepaType 300 + 200°C B
HECKOJNTbKO MPOXOAO0B CO CTeneHblo AedopmMauum B Kax[OM MNpoxode He
bonee 7% N CyMMapHOW CTEMNEHbK WCTUHHOM Aedopmauyum npoKaTKon

nopgagka 1.



