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CneuuanbHoct KOMTEXHO:
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1561 ATIOMUHUMN KYUMACBIHBIH OTO MAUBIIITYAKTBIK
KACUETHUHE AJITAUKBI AHU30OTPOIIUSICBIHBIH TUUT U3T'EH
TAACHUPU

Ma3bLios H1.T.Y, Omopos H.A. 2

Ypusz.-mam. unum. kano., Keipewiz-Opyc (Craéan) ynusepcumemu;
Z0oyeHmmun MUnOemuH amxapyyyy, I apanvik UHHOBAWUAIBIK MEXHONOLUALAD VHUGEPCUMENU.

Annomayusn: 1561 AnrOMUHUL KYUMACHIHbIH bawmankol oepopmayusnvik
AHUZOMPONUACHIHBIH  JCO2OPKY MEeMNepamypacd Hcana KeHupu blA0aMObIKMApObl KaMMmMbleaH
apanvlkma 0epopmayusioo0o2y 6320pyiyumepy usuil0eHeeH.

O30kmyy ce300p: Oedhopmayuanblk  AHUZOMPONUS,  OUHAMUKALLIK — OMO  HCO2OPKY
MAtblUMsIpbLYy, My3yaAyu adanoapsl, meKkcmypa.

O BJIUSTHUU UCXOJHON AHU3OTPOIIUU HA
CBEPXIIVTACTUYHOCTD AJIIOMHUHHUEBOI'O CIIJIABA 1561

MasbLios 11.T.., Omopos H.A.?

Ykano. puz.-mam. nayx, Keipevizcxo-Poccutickuti CiagancKuil ynugepcumen,;
21.0. IOUEHT, MeacOyHapoOHbIil YHUBEPCUMEN UHHOBAWUOHHBIX MeXHON02UI

Annomayua: Vzyuaiomes uszmenenus UcxooOHol aHU30mMponuu 0e@opmMayuoHHbIX CE0UCME
JIUCMOB020 ANIOMUHUEE020 chaasa 1561 6 3asucumocmu om pedlcumos blCOKOMeMNEPaAmypHot
oeghopmayuu 6 WUPOKUX CKOPOCMHBIX UHMEPBANAX.

Knrwouesvie cnoea. oepopmayuonnas anuzomponus, OUHAMUYECKAS CEEPXNIACMUYHOCb,
CMPYKMypHOe COCMOosAHUe, MeKCmypa.

INFLUENCE OF INITIAL ANISOTROPY ON SUPERPLASTICITY OF
ALUMINIUM ALLOY 1561

Pazylov Sh.T.%, Omorov N.A.2

candidate of Physical and Mathematical Sciences, Kyrgyz-Russian Slavic University;
2 acting associate professor, International University of Innovation technologies

Annotation: The anisotropy factor assessment under various parameters of thermomechanical
loading is estimated by the example of experimental studying deformation and structural parameters
of anisotropic Al alloy 1561. It is found that the smallest value of the anisotropy factor corresponds
to the formation of equiaxed fine-grained structure formed in the temperature-rate conditions of
superplasticity.

Keywords: anisotropy factor; dynamic superplasticity; aluminum alloys; phase
transformations.
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AHM30TpOIIUSI ~ MEXaHUYECKUX  CBOWCTB  METAUIOB  SIBISIETCA  CJIEJICTBHEM
MPEUMYLIECTBEHHOTO OPHUEHTUPOBAHMSI KPUCTAJIOB B  pe3yJbTaTe IUIACTHYECKOIO
nedhopMupoBaHus B npoieccax 00padoTku gasieHueM. OHa, Kak MPaBUIIo, IEPBOHAYATBHO
OTCYTCTBYET y TOJUKPUCTAIUIOB 3a HCKIIOYEHHUEM CIIy4aeB, IOJIYYEHHBIX CcIoco0aMu
HalpaBlieHHOM Kpuctayu3anuu. (OcTaToyHOe W3MEHEHUE CBOWCTB, BO3HUKIINX B
pe3yJsibTare MIACTUYECKON AedopMaliii U MOCIEAYIOIINE OTINYHSI STUX CBOMCTB B Pa3HbIX
HaIpaBJICHUAX B 00bEME MeTaia, OOBIYHO HA3bIBAIOT Je(OPMALMOHHOW (BTOPUUHOMN)
anuszorponueit [1]. Ilpu craTuyeckoM HarpyKeHUHM CJIEAYeT pa3inudarh aHU30TPOMHIO
YOPYTHMX M IUTACTUYECKUX CBOMCTB, @ TAKXKE€ AHU3O0TPOIUIO Pa3pyLICHHIO. AHU30TPONUS
MeTa/IoB HauOoiiee SIPKO OOHApYyKMBAETCS MPOSABIAETCA B MPOLECCE IIACTHUYECKOIO
ne(OpMUPOBaHUS Ha PACTSKEHHE.

CBeneHus 0 M3YYEHUIO aHU30TPOIIUN MEXaHUYECKUX CBOMCTB METAIIJIOB U BIMSIHUE HA
HEe pa3IUYHBIX (aKTOPOB (TEXHOJOTUYCCKHX U CTPYKTYPHBIX) 0000111eHbI B [2]. OueBHIHO,
YTO aHU30TPOINHUS CTPYKTYPHBIX M MEXAHMUYECKHX CBOWCTB, YYET U LEJCHANpPABIECHHOE
WCIIOJIb30BAHUE TAaKUX CBOMCTB, HAuyWHAsl CO CTaJAUU MPOCKTUPOBAHUS, KOHCTPYKIUU H
TEXHOJIOTUU MX U3TOTOBJIEHUS CIOCOOCTBYET MOBBIIIEHUIO HAJEKHOCTH, JOJITOBEYHOCTH
JeTajiel MallMH W DJIEMEHTOB KOHCTPYKIMH, a Takke 3(PEGEeKTUBHOTO MPUMEHEHUS
KOHCTPYKIIMOHHBIX MaTepHuasioB. BrosHe ompaBAaHHBIM M OJHUM U3 BaXKHBIX AaCIEKTOB
SBJSIETCS. ~ CTPEMJICHHE  PA3IMYHBIMU  (TEPMUUYECKUM,  XUMHUKO-TEXHOJOTUUYECKHUM,
TEPMOXUMHUYECKUM) CIIOCOOAaMH  YMEHBIIUTh AHU30TPONHIO CBOWCTB MaTepUasoB,
MIPUMEHSAEMBIX B KOHCTPYKIUSX [2].

B »skcnepuMeHTaJIbHOM  UCCIEAOBAaHUM 1O YCTAHOBICHUIO 3aKOHOMEPHOCTEU
BBICOKOTEMIIepaTypHOTo nedopmupoBanusi (B umHTepBaie temneparyp (533...793)K) c
LEJbI0 OMNpPENENICHUs] PEXKUMOB CBEPXIUIACTUYHOCTU MPOMBIIUIEHHOTO aJTlOMHUHUEBOTO
cruiaa 1561 oOHapyxkeHO Hanmuuue AeGOpMAlMOHHOW aHU3OTPOIMUHU. 3aMEUYeHO, YTO
KpyrJibie 00pa3iibl, U3rOTOBIEHHBIE U3 MPOKATAHHOTO TIO0 CEPUIHON TEXHOJIOTHH IJIACTUHBI
(;ucrta) TommuHONW 10 MM, TMOCHEe WCIBITAHUNA HA PACTSDKEHUE MMENH DIUTHIICO0Opa3HbIe
ceueHus, puc. 1, a u 6. 3aMETHO OTIUYAIOLIUECS MEXTY COO0H pa3mMephl OOIBIION U MaIoi
oceit ammuncoodbpasHoro ceyenus d° u d”’ (puc. 1, 6.), coBmajaOmuUX COOTBETCTBEHHO C
IJIOCKOCTBIO W TOJIIMHON IUIACTUHBI, CBUJETEILCTBOBAIM O HAJUYUU AHU30TPOIUU
nedopMallMOHHBIX CBOWCTB MaTepHalia B TUX HampasieHusx. CienoBaTenbHO, OOHAPYKEHO
MPOSIBIICHUE aHW3OTPONHUH IJIACTHYECKON aedopMaliii BO B3aWUMHO TEPIEHINKYISPHBIX
HaIlPaBJICHUSX MOINEPEYHbIX CEYEHUN 0OpPAa3I0B MPU BHICOKOTEMIIEPATYPHOM PACTKEHUH.
[Ipy Hanuuuu W3OTPONMHOCTU TONepedHble nedopmanmm  obpasna B yKa3aHHBIX
HampaBJieHusX ObutH Obl onMHaKoBBIMU. Dopma nedhopMHUPOBAHHOTO CEUEHHUSI paboyero
ydacTka o0Opasiia uMesa Obl BHJ KPYyroBOro IMWIMHIAPA quameTpoM O (IIyHKTUPHBIC JTUHUH

puc. 1, a u 6). [IpyunHON MOTYYEHHON aHU30TPOIUH TUIACTUIECKON NedOopMaIiH SIBISIETCS
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CUJIbHasA OPHUCHTHPOBAHHAA TCKCTypa MaTCpHajia UCXOIHOI0O JIUCTA, C(bOpMI/IpOBaBI_HaSICH B

mponecce MHOFOCTyHCH‘IaTOfI IMPOKATKH! IIPU U3IrOTOBJICHHUH €I'0 110 TCXHOJIOTUH CepHﬁHOFO

MMpon3BOACTBA.

Puc. 1. Cxema nedopMupoBanus pabouei 4aCTH pacTAruBaeMoro oopasia — a), 1 K3MEHEHHE
ero MOIMepevHOro CeYeHus B mporecce aehpopManuu — 6).

B omblTax ycTaHOBIIEHa CHJIbHAsT 3aBUCUMOCTh CTENE€HU aHU3O0TPOIHOCTH OT
TEPMOMEXAaHUYECKUX YCIOBUU Je(OPMUPOBAHMS, KOTOpPbIE BKIIOYAIOT M PEXKHUMBI
CBEpXIIACTHYHOCTH. [Ipu 5TOM TmOoNydeHa TEHACHIUS CHIDKEHUS JAeQOopMaIlMOHHON
AHU30TPOMHOCTH IIPU BBICOKUX TEMIIEPATypax, B TOM YUCJIE B PEKMMaX CBEPXIUIACTUYHOCTH.
3710 00CTOATENBCTBO, 0€3YCIOBHO, MO3BOJISET MPEANOIOKUTH, YTO MEKTY ITUMH SIBICHUSIMU
CYILIECTBYET €CTeCTBEHHas B3auMOCBs3b [3]. KpoMe TOro, M3BECTHBI HCCIIEIOBAHUS, B
KOTOPBIX CHI)KEHHE aHU30TPOMHOCTH MEXAHWYECKUX CBOMCTB alllOMUHUEBBIX CILIABOB
paccMmaTpuBaeTcs Kak CIEJCTBUE cBepXIutacTuueckoit nedopmanuu. Tak, B [4] npuBeaeHb
JaHHBIe 00 aHU30TPOITHOCTH YCIOBHOTO TIpejielia TeKY4eCTH aTloMUHUEBOTO ciiaBa AK6 B
MPOJOJLHOM M TIONEPEYHOM HAMpPABJICHUAX TMociie JehOpPMUPOBAHUS €r0 B YCIOBHUAX
CBEPXILJIACTHYHOCTH MO CPABHEHHIO C CepUitHOM 00paboTkoil. OTMeuaercs, uTo oOpaboTKa,
BKJIFOYAIOIasl CBEPXIUIACTUYHOCTb, BBI3BIBAET YMEHBUICHUE AHU30TPONHMH MEXAHUYECKHX
CBOMCTB. DTO OOBACHSETCS YCTPAaHCHHEM WM pPa3MBITHEM MeTauiorpaduueckod u
KpUcCTaIIOTpauyecKoil  TEKCTYphl ~ MaTepHalia, KOTOpble HWMEIOT  MECTO  TIpH
CBEPXIUIACTUYECKOU nedopManuu [4]. [ToaTomy HCCIIEIOBAHUE BIIASIHUSA
TEPMOMEXAaHUYECKUX  yCIOBHH  JAeQOpMUpOBAaHHS, B TOM YHCIE U  PEKHUMOB
CBEPXIUIACTUYHOCTU CIJIaBa, HA U3MEHEHHME aHU30TPOIMHOCTH IUIaCTHUECKOW nedopmaiuu
MOXHO CYHTaTh TMEPCIEeKTUBHON 3amadeii, uMewIlel (QyHIaMeHTalbHOEe W TPHUKIATHOE
3HAYCHHE.

B mactosmieit pabore mpUBOAATCS PE3yibTaThl HMCCIEAOBAHUS aHU30TPOIUU
mjaacTudeckord gedopmaruu cmiaBa 1561 B 3aBUCHMOCTH OT TEPMOMEXaHUUYECKHUX
napaMeTpoB mpolecca 1eopMUpOBaHUS: TEMIIEPATyphl, CKOPOCTH U CTENEHH JIehOpMaIIiH.
[Tonydens! 001IKe 3aKOHOMEPHOCTH €€ U3MEHEHUS B UCCIIEI0BAHHBIX TEPMOMEXAHUUECKHUX

HHTCpPBAJIaXx, BKIIIOYArOIIuXx PCKUMBI CBCPXILNIACTUIHOCTH CIlJIaBa. HpI/I 9TOM
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AaHM30TPOITHOCTh ~ OLIEHWBAETCS IyTeM 3aMepa IMOocie TeMIEpaTypHO-CKOPOCTHOTO
pacTsDKeHHs TIOTIEPEYHON JedOopMalid BO B3aUMHO TICPIICHIUKYIISIPHBIX HAMPABICHUSIX
MONEPEYHOro ceueHus padboyeit yactu oopasia.

B xauecTBa mokazaTels BEJTMYUHBI aHU30TPOITHOCTH MTPUHATO OTHOIICHHUE TTOTIEPEIHBIX
IUIACTHYEeCKUX Jedopmanuii ¢y = ¢''/e’ B HampaBieHusix Oosbliol & u Manoit €' oceit
AITUTICO00Pa3HO /1e(OPMUPOBAHHOIO CEUEHUS, KOTOPOE OMPEIEISIOTCS OTHOLIECHUSMU
g’ = (do—d") /dom €" = (do— d") /do, rme do — vcxomHbIi qUaMeTp paboueii yactu obpasia; d'
u d" — COOTBETCTBEHHO, pa3Mephl OOJIBILION M MaJIOW Ocei 1e(OPMUPOBAHHOTO TIOMIEPEUHOTO
ceueHus (puc.l). 3aKOHOMEPHOCTH BIHMSHUSA CTENEHH IUIACTHUYECKON nedopmanuu Ha
BEJIMUUHY TIOKa3areisl aHW30TpormHocTH (g''/e') ycTaHOBJIIGHBI TIpU TMATH YPOBHSIX
HaUMEHBINX MonepeuHbix Aedopmaruii €' = 0,0833; 0,166667; 0,25; 0,33333; 0,41667.

Ha puc.2 npuBesensl rpaduku  3aBUCUMOCTEH  W3MEHEHHMsS  IOKa3aTens
aHU30TpONHOCTH \y = €''/e’ oT cTemeHu nomnepeyHou aedopmanuu €' (T.e. 3aBHCHUMOCTH
y — €') Ipu pa3IUYHbIX CKOpOCTAX aedopMupoBanus npu temmeparype 693 K.

Ha puc.3 — 3HaueHHWs yKa3aHHOTO IapaMeTpa B 3aBUCHMOCTH OT CKOPOCTEH
neGopMHpOBaHHS TPECTaBIEHBI B BUIe n30TepM (Y — INY) st creneneit nedopmanuu €',
paenbix 0,08333 (a) u 0,41667 (6).

OTMGTI/IM, 4YTO QAQHAJIOTMYHBIC 3aBUCHMMOCTH IIpWU APYIrUX PCKHUMAX II0 XaApPaAKTCPy

COBIIAJAIOT.
3aBucumoctb «Iloka3. anuszor. — Cren. ged.» 420°C
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Puc. 2. I3MeHeHMe nokas3aresst aHU30TPOITHOCTH (/) OT CTETEeHHU MONepevHoi qedopmanuu
(¢") mpu Temnepatype 693 K u ckopoctax aedopmuposanus: 1 —mpu 93=0,36-10°3m/c?; 2
—1pu 94=0,15-103m/c; 3 —npu 95=0,056-103m/c; 4 —mpu 96=0,023-103 m/c?.

N3 npuBeaeHHBIX TpaduKOB BUAHA OOIas 3aKOHOMEPHOCTh U3MEHEHUS TTOKa3aTems
aHU30TpOoNMHOCTH. OHa 3aKIIIOYAeTCsl B TOM, YTO C YBEJIMYEHUEM CTENEHU IMIACTUYECKOM
nedopmarmu y yObIBaeT MpU BceX CKOPOCTIX aedopmupoBanus (puc. 2). Kpusbie (¢ — ')
CONMMXKAIOTCS ¢ POCTOM CTerneHu aedopMalvM, OTIMYAsCh HE3HAUUTEIHLHO MEXIy co0o0i

(3...9 %) cpaBHHTENBHO C HAYAIBHOW CTaaMel JeQOpMAIUK, TIe OTINYHS SIBISIOTCS Ooee
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3HauuTeNbHbIMU (110 33 %). MakcuMalibHble MOKa3aTeld aHU30TPOIHOCTH COOTBETCTBYIOT
HU3KUM CKOpOCTsIM JiehopmupoBanus (psin 4 Ha puc. 2).

MOXHO OTMETUTH CHI)KCHHE TMOKa3aTellss aHW30TPONHH C YBEIHMYECHHEM CKOPOCTH
nedopmupoBanus (puc. 3). [Ipoucxoaut commxenre U30Tepm y npu

BBICOKHX CKOPOCTAX I[e(i)OpMI/IpOBaHI/IH B OT/IMYUC OT 3HAYUTCIIBbHBIX paCXO)K,Z[eHI/Iﬁ B

3aBucumoctu «Iloka3. anuzorp. — Ckop. aedopm.»
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Puc. 3. 3aBHCUMOCTH MTOKa3aTeNsi aHU30TPOITHOCTH OT CKOPOCTEH 1e(OpPMUPOBAHHUS
(v - In9) npu crenensax nepopmannu ¢ = 0,08333 — a) u ¢ = 0,416667 — 6). Kpussie 1...5
COOTBETCTBYIOT TeMItepatypHbiM pexumam: 1 — 653 K; 2 — 693 K; 3 — 733 K; 4 — 753 K;; 5-—
773 K.

obmacTu HU3KHMX ckopocTedl. HaumOonblime dYHcIeHHBbIE IOKa3aTeNnd aHU30TPOIHOCTH
HaOmonaTest npu Temneparype 693 K (psg2 Ha puc. 3, a.), BbIllIE U HUXKE KOTOPOTO
yKa3aHHas BeNWYMHA pe3ko manaer. B wunHTepBane temmepatyp (733...773)K pasnwuia
nokasaresneil cocrapisier Bcero (2...5) % (puc. 3 a). I3 ycTaHOBIEHHBIX 3aKOHOMEPHOCTEH
U3MEHEHUs]  ToKaszaTens  JaedOpMAlMOHHOW  aHM30TPONHMHM  CIEAYeT  BBIIEIHUTH
BbICOKOTeMIIepaTypHbie uHTepBaibl (733...773)K u passureiec aedopmarmu (&' = 0,41667)
(kpuBble 3 U 5 Ha puC. 3), MPU KOTOPBIX MPOUCXOAHUT PEANTU3ANUS CBEPXIUIACTHUYHOCTU
crmaBa 1561. M3 pe3ynbTaToB, mpeACTaBICHHBIX HA pHC. 3 6, BUIHO, YTO KpUBBIE 3...5 mpu
BCEX CKOpPOCTSX Jae(OpMHUPOBaHHUS pACHoOaraloTcs TaK, YTO TOKa3aTeld aHWU30TPOIHU
ornuuatrotcs MeHee, yeM Ha (3...5)%. Cnegyer oOpaTuTh BHHMMaHHE Ha CBOCOOpa3HOE
NOBEJCHUE TMOKa3aTens  Impu Ttemmnepatype 753 K, mpu KoTopodl aHanusupyemas
3aBUCUMOCTH (KpuBasi 4), B OTIIMYHE OT JAPYIHX, UMEET ONM3KUI K TOPH30HTAIBHOMY
XapakTep BO BCEM MHTEPBaJie CKOPOCTEH ehopMUpOBaHUS

PaccmMoTpuM uW3MeHEHHS TOKa3aTelas AaHU30TPONHOCTH B  3aBUCHUMOCTH  OT

Temmepatypsl (Y — 7') IpU MOCTOSTHHBIX CKOPOCTSIX ehopMupoBanus (puc. 4).
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311ech YMECTHO BBIIEINUTH TeMIEpAaTypHbli HHTEpBai 593...753 K, BHyTpH KOTOpPOTO €

POCTOM TeMIIepaTyphl IOKa3aTelb \Jy CHadaIa BO3pacTaeT P BCeX

3aBucumoctn «Iloka3. anuzorp. — Temneparypa»
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Puc. 4. MI3MeHeHue mokaszaresiss aHu30TPOITHOCTH OT TeMrepatypbl (¢ — T') mpu CKOPOCTSX
nedopmuposanus: 1— 93=0,36-10°3m/c?; 2— 94=0,15-10°3m/c?; 3— 95=0,056-103m/ct; 4 —
96=0.023-103m/ct: 5 - 97=0.008-10° m/c.

CKOpOCTAX Ne(OPMHUPOBAHUS U, KAK OBLIIO OTMEUEHO BHIIIE, JOCTUTAET MAaKCUMAaTHHOTO
3HaueHus npu 693 K, a 3arem cHMKaercs.

AHU3OTPONTHOCTh CYIIECTBEHHO 3aBUCUT OT CKOPOCTH Ne(OpMHUPOBAaHUS, MPUIEM
BBICOKME  MOKa3aTelud  aHU30TPONHOCTH  COOTBETCTBYIOT  HHM3KHUM  CKOPOCTSIM
nepopmupoBanus (Ls, L7), @ IPH BHICOKKX CKOPOCTSAX (L3, V4) OHH OTHOCHTEIBHO HEBEIUKH
(puc.4). Huwxe oTmedyeHHOro TtemmeparypHoro auanazoHa (Hmwke 593 K) npoucxoaut
oOpaTHasi TEHJCHIMS W3MEHEHUS AaHM30TPOITHOCTH B 3aBUCUMOCTH OT CKOPOCTH
ne(GOpMHUpPOBaHUS — AHU3O0TPONHUS IJIACTUYECKONW JedopMaIi yBEITMYHUBAETCS C POCTOM
nocnenneil. Ha rpanuiiax uatepBana, kak BUIHO u3 rpaduxos (y — 7') (puc. 4), BeauyuHa
pPacXoXKICHUS TOKa3zaTeleld aHW30TPOINHOCTH MHUHUMAlbHA W TPU Pa3BUTHIX CTENEHSIX
nepopmanuu (¢' = 0,6597) mpakTHUecKn HE 3aBHCUT OT CKOPOCTH HArpy>KEHHs. 3HAUYCHUs
nokKaszaTesisi aHM30TPOITHOCTH /ISl BCEX CKOPOCTEH HAXOJATCS Ha OJWHAKOBOM ypPOBHE, Kak
NOKa3aHo, Hampumep, Ha puc. 30 (psiag4), W BelIMYMHA TIOKA3aTeNsl aHWU30TPOITHOCTH
v =~ 1,25. Takoe moBesieHHe moKa3aTels \y Ha BepxHeM TemrieparypHoMm npeaene (753 K),
Kak OBLJIO YMOMSIHYTO, CBS3aHO C MPOSIBJICHUEM CIUIABOM CBEPXILJIACTHUECKHX CBOWCTB
MaTepuana.

Kak u3BecTHO, cBepxmiacTuueckas nedopmaliis alfoMUHUEBBIX CIIJIABOB peanu3yeTcs
[5] B ycioBusax cTpyKTypHOro (ha30BOro nepexoja (AMHAMHYECKOW PEeKPUCTAILTU3ALNN) C

00pa30oBaHUEM DPABHOOCHBIX YIBTPAMENIKUX 3€PEH, CO3/laBas CTPYKTYPHYIO MPEANOCHUIKY

189



HAVKA 1 UTHHOBAITMOHHBIE TEXHOJIOT'MH Ne 3/2021(20)

IUIS peaju3alii MEXaHW3Ma 36pHOTPaHUYHOTO POCKAIb3bIBAHUS CO CMEHOM COCe/lel 3E€peH.
Takoil MexaHM3M XapaKTepeH HMEHHO MJi1 CBEPXIUIACTUYHOCTH M MPEBATUPYET HaJ
TpaguMOHHBIMU (dopMmamMu MaccoriepeHoca [5]. Torma o4eBHUAHO MPEAINONIOKUTH, UYTO
OTMEUEHHOE  CTPYKTYpHO€  OOCTOATENBCTBO  MOIJIO  CHWJIBHO  MOBIMATH  Ha
Makpoae(OpMaMOHHOE TOBEJEHUE CIUIaBa W IMPUBECTU K CYIIECTBEHHOMY CHUKEHHIO
MOKAa3aTessl aHU30TPOIHOCTH B PEXKUMAX CBEPXIIACTUYHOCTH CPABHUTENIBHO C JIPYTUMU
BBICOKOTEMIIEPATYPHBIMH peXUMaMu JedopmupoBanus. [Ipu 3ToM ecTeCTBEHHO CUUTATh,
YTO MMEHHO MEJKO3EpHUCTash PABHOOCHAs CTPYKTypa Meramia, c(hopMHpOBaBLIasCS B
IpoLecce CBEPXIUIACTUYECKON AepopMalui, CTUMYJIHPOBaia OTHOCHTEIBLHO HM30TPOIHYIO
nedopmaiuio B HabJIIOJaeMbIX HAPABICHUSAX MOMEPEYHBIX CEUCHUM 00pa3IoB. YKa3aHHOE
MIPEANONIOKEHUE MOATBEPKAACTCSI MUHUMAIbHBIM 3HaYEHUEM ITOKa3aTelsl aHU30TPOITHOCTH
(v = 1,25) B ynmomsiHyTOM BHIIIIe TemreparypHoM pexume 753K (puc. 4) 1 He3aBUCHMOCTEIO
ATOTrO MOKAa3aTessl OT CKOPOCTU Je(hOPMHUPOBAHUSA, & UMEHHO TOPU30HTAIILHOCTHIO KPUBOU
(v —In8) (xpuBas 4 Ha puc. 3).

AHajoru4Hasi CUTyalsi ¢ U3MEHEHHEM MOKa3aTeNsi aHU30TPONUK HAOII0AaNach U Ha
HUKHEH TemriepaTypHoil rpanuiie (593 K). B atom pexkume naedopMupoBaHus BEIUYUHA
MOKa3aTessi aHM30TPOITHOCTH, KaK BUTHO U3 PUC. 3, HAXOIUTHCSA Ha OJMHAKOBOM YPOBHE U
COBIIJIACT C €€ 3HAYCHHUEM IIpU BEepXHEH TemrepaTypHoi rpanune (¢ = 1,25). Coxpansercs
TaKXK€ HE3aBHCHMOCTb IIOKa3aTelsl OT CKOPOCTH JeQOpPMHpPOBAHMS, T.. TOCTOSHCTBO
BEJIMYUHBI Y MPHU PA3IUYHBIX CKOPOCTIX. MIMeercs emie ofHa XapakTepHas 0COOEHHOCTb
Huxke Temneparypbl 593 K (mpu mepexojie B HU3KHE TeMmrepaTypbl AepOPMUPOBAHMS) —
3aKOHOMEPHOCTb ~ M3MEHEHHUs  aHU30TPONHOCTH B  3aBUCHUMOCTH  OT  CKOpPOCTH
nedhopmupoBaHus oTauyaeTcs ot auanaszona 593...753 K. Ha puc. 4 BugHO, 4TO ©UMEET MECTO
NpsIMO TMPOTHUBOIIOJIOKHAS TEHACHLUS XapakTepa IMOBEIEHUs Y, KOrja aHU30TPOMHOCTH
IUTACTUYECKON JedopMaliMi ¢ POCTOM CKOpocTH aedopmupoBanus (nmpu I3 u 94)
YBEIMYUBAETCS, TOTJa KakK IpH BbICOKMX Temneparypax (Bbime 593 K) mnokaszarens
aHU30TPOIIHOCTH C BO3PACTAHMEM CKOPOCTHM HAarpyKeHus yMeHbuiaercs. Takue
Ka4eCTBEHHbIE Pa3NU4Ms MOBEACHUS J1e(HOPMAlMOHHON aHM30TPOIUU B 3aBUCHMOCTH OT
CKOPOCTH J€(OpPMHUPOBAHMS TMO3BOJISAIOT Pa3lEIUTh TEMIEPATYpPHbIH HHTEpBaJl Ha JBE
obnactu — Hu3KkuX (7' < 593 K) u Bricokux temmepatyp (593...753) K ¢ npeanonoxxutenbHO
pPa3IUYHBIMU MEXaHU3MaMU JePopMaluu.

B pesynbpTaTe JaHHBIX MCCIEIOBAHUN YCTAHOBJICHBI HOBBIE, HE U3YUYCHHbBIC TPYTUMHU
CHeIMaINCTaMU 3aKOHOMEPHOCTH U3MEHEHHUs 1epopMaIlMOHHON aHM30TponuH cruiaBa 1561
B 3aBHCHMOCTHU OT yCIIOBUH ero neOopMHpPOBaHUS B IIUPOKOM TEMIIEpaTypHO-CKOPOCTHOM
Jvana3zoHe, BKIIYAIOIIEM PEKUMBI IPOSIBICHUS CBEPXIUIACTUYHOCTH.

B Buay OTCYTCTBHSA aHaNOTWYHBIX HCCIEIOBAHUN HE TOJIBKO IO ATIOMUHUEBHIM

CIulaBaM, HO ¥ IO IPYI'UM KOHCTPYKIUMOHHOM MCTAJUIMYCCKHUM MAaTCpHUaJIaM, 4 TAKKEC C LICJIbIO
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OOBSICHEHHUS TOYYEHHBIX 3aKOHOMEPHOCTEH, psia padot [6...11] O6bu1 mocBsmIeH Bompocam
MOATBEPKACHUS MX C TOYKHA 3PEHHUS METAJIOBEAYECKHX IPEACTABICHUN WU H3y4EHUs
CTPYKTYPHBIX  COCTOSSHUM  Marepuasia  cOpPMHUPOBABIIMXCA B  IPOILIECCE  €T0
ne(popMUPOBaHUS.

Tak B pabdotax 6, 7 u 10 mokazaHbl B3aMMOCBSA3M 3aKOHOMEPHOCTH J€(OPMALIMOHHOMN
aHU30TpONUH C F3P(HEKTOM CBEPXIUIACTUYHOCTH, @ MUHUMAJIbHBIE TTOKA3aTeIN aHU30TPOIIUU
cruiaBa 1561 OOBSICHEHBI Kak CIEACTBUSA NPOTEKAIOMEH B ATHUX TEPMOMEXAHUYECKUX
peXHMMax CBEPXIIAaCTHUECKOW JedopMallud MaTepraia.

B (8, 9 u 11) uznoxxeHo u3yuyeHHe CTPYKTYpHBIX IpeoOpa3zoBaHuil cruiaBa 1561,
KOTOpOE TIOKAa3bIBa€T, 4YTO (HOPMHPOBAHUE PABHOBECHM MEIKO3EPHUCTON CTPYKTYpBI
COOTBETCTBYET TEPMOMEXAHUYECKUM HHTEpBaJlaM MUHUMAaJIbHOM aHU30TPOIHOCTH, U TEM
CaMbIM MOKa3bIBAET (PU3NUECKYIO OOOCHOBAHHOCTh 3TUX 3aKOHOMEPHOCTEH.

Kpome toro, mocimennue uccieqoBaHusl U3JI0KEHHbIE B [12] Takke Mmokazaid, 4TO B
pe3ysibTaTe TEMIIEPAaTypHO-CKOPOCTHOTO PACTSKEHUs OO0pa3loB W3 JAHHOIO CIUIaBa
M3TOTOBJIEHHBIX B UCXOJIHO HeAE(OPMUPOBAHHOM, JINTOM COCTOSIHUM ITPOUCXOJIUT 3aMETHbBIE
M3MEHEHMSI MEXaHWYECKUX M CTPYKTYpHBIX [apamMeTpoB MaTepuaia. A HUMEHHO,
HaOJII01aeTCsd 3aMETHOE CHIDKEHMSI TMPOYHOCTHBIX IIOKa3aTene, a B CTPYKTYpHOM
MOKAa3aTeNsIX, YKPYIHEHHS YacTHI] aTIOMUHHIOB MepexoaHbix MetamioB (Mn, Zr) T.e
CHI)KEHHME UX IJIOTHOCTH B 00bEME 3epHa c 0Opa3oBaHHEM B CIUIaBE B Hauaje sYEUCTO-
MOJIUTOHU30BAHHOM CYOCTPYKTYp, 3aTE€M M IMOJIHOCTBIO PEKPHCTANIN30BAHHONW CTPYKTYPHI.
[Ipuuyem, yeM BbICIIEE TEMIEpaTypa HCHBITAHUS U HUXKE CKOPOCTU JedopMalvu, TeM
KpyIIHEE U COBEpIICHHEE PEKPUCTAUIM30BaHHbIE 3epHa MeTaa [12].

OO6001m1asi mpuUBEICHHBIE JaHHBIE MOXHO 3aKJIIOUUTh, YTO B OOJACTH TEMIIEpATyp
(733....753) K, cOOTBeTCTBYIOIIEH MPOSBICHUIO CBEPXIIACTUYCCKUX CBOWCTB CILIABA,
HAOJIIO/IAl0TCSI MUHUMAJIBHBIE TTOKa3aTenu J1e(opMaIlMOHHON aHM30TPONHMHM W cllabas hx
3aBHCHUMOCTB OT cKopocTeil neopmupoBanus. [lpu pa3BUTHIX mIacTHYECKuX JedopManusax
B YKa3aHHOW 00JacTH aHW30TPOMHOCTh MPAKTUYECKH HE 3aBHCUT OT CKOPOCTH H €€
nokazatenb npu 753 K ocrtaercs MOCTOSHHOW BEIMYMHOM AJis Bcex ckopocTed. Takoe
SBJICHHE OOBSCHSETCS CIEICTBHEM CBEPXIUIACTUYECKOW aedopManuu crjiaBa, CBS3aHHOM,
IJIaBHBIM 00pa3oM, ¢ MEXaHM3MOM 3€pHOTPAHUYHOTO MPOCKAIb3bIBAHNS U OCHOBAHHOM Ha
(bopMUpOBaHNH PAaBHOOCHOW MEIKO3EPHUCTON CTPYKTYPHI MPU MPAKTHUYECKOM OTCYTCTBUHU
coOuparenbHOll pekpuctam3anuu [4]. B ciayyae Hanmuuums B MeTaysie HMCXOJIHOU
HEOJIHOPOJHOCTH MUKPOCTPYKTYPBI IPOMCXOAMT €€ BEIPABHUBAHUE C 3aMETHBIM Pa3MBITHEM
KpHUcTayuiorpapuueckoit TekcTypsl [4, 7]. Tem cambIM co3aaeTcst CTPYKTYpHask MPEANOChIIKa
JUIS pealii3aiiil OJHOPOIHOM (M30TPOIMHOMN) IIACTHYECKONW JedopManud B HCXOTHBIX
CTPYKTYPHO-aHM30TPOIHBIX  HampaBieHusix [7,8,9]. Ilostomy cBepxiutacTudeckoe

neGopMHpOBaHHE, OCYIIECTBISIEMOE B  OIPENEICHHBIX TEeMIEepPaTypHO-CKOPOCTHBIX
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YCIIOBUSX, MOKHO pacCMaTpuBaTh KaK OJIMH M3 TEPMOMEXAHUYECKUX CIIOCOOOB CHUIKEHUS
CTPYKTYpHOH M Je(OpMallMOHHONM aHU30TPONHOCTH HCXOJHO TEKCTYPHUPOBAHHOTO
MaTepHaa.

Ha ocHOBaHuM NMOIy4eHHBIX pE3yJbTATOB NMPUHUMAETCS, YTO H3YYCHHE HU3MEHEHUS
AHU30TPOITHOCTU B 3aBHUCHUMOCTH OT TEPMOMEXAHWYECKUX YCIOBUN Je(OpMHUpPOBAHUS B
Ka4yeCcTBE OJHOI0 U3 MAaKpOMEXaHWYECKHX METOJIOB HCCICIOBAHMUS 3aKOHOMEPHOCTEU
BBICOKOTEMIIEPATYPHOTO  A€(QOPMUPOBAHUS  JIMCTOBBIX MAaTEPHAJIOB, YUUTHIBAIOLINX
U3MEHEHNs UX CTPYKTYpPHOTO COCTOsIHMA. BenuumHy mokasarens aHU30TPOIHOCTH
IIpeaIaraeTcsa paccMaTpuBaTh KaK OJUH M3 MAaKpOIapaMETPOB MaTepHalla, MO3BOIAIOLIETO
KOJIMYECTBEHHO OLIEHUTDH CTENEHb U MOJHOTY CTPYKTYPHBIX PeoOpa30BaHNil OTHOCUTEIBHO

HCXOJHOI'0 COCTOAHUA B MCHAIOIMUXCA TCPMOMEXAHUYICCKUX YCIIOBUAX I{Cq)OpMI/IpOBaHI/ISL
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