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Di3nKO-TEXHONMOrYHUI IHCTUTYT MeTaniB i cnnaeiB HAH Ykpainn (Kuig, YkpaiHa)

AOCNIAXEHHA PASOBUX NEPETBOPEHDb NPU
KPUCTANI3ALLIT AJIIOMIHIEBUX CMNTABIB METOAOM
FAPTYBAJIbHO-MIKPOCTPYKTYPHOIO AHANI3Y

BuByeHHsI MexaHi3mMy ¢pa30BuX NepeTBOPEHbL npu popmMyBaHHI CTPYKTYpU MeTasiB i criiasiB € nep-
CMEeKTUBHUM HarpsiIMKOM YI0CKOHa/IeHHS] BilOMuMX i pO3p0o0bKu HOBUX Martepianis. Lle o6ymoBoe
HEeobXiAHICTb PO3LUMPEHHST METOANYHUX | €KCNIepUMEHTAsIbHUX MOXJ/IMBOCTEN iX AOCIIOXKEHHS.
MeTtoaun meTtanorpagiyHoro aHanidy, Lo LLUMPOKO BUKOPUCTOBYIOTbCS, A0O3BOJISIIOTH OTPUMYBATU
iHGbopMmaLito Npo CTPYKTYPHI 0CO6MBOCTI crinasiB. Pa3om 3 TUM, BU3HAYUTU MEXAHI3M YTBOPEHHS
a3 no MIiKpOCTPYKTYPI MOBHICTIO 3aTBEpAivx 3paskiB € 4ocUTb npobaematnyHum. OCHOBHUM
IHCTPYMEHTOM aHasnidy i MPOrHo3yBaHHs CTRYKTYPU Mpuv 3MiHi Temneparypv i cknaay criasiB €
Aiarpamu ¢azoBux pisHoBar. OgHak BOHU HE MOXYTb OYTv 3aCTOCOBaHVIMU [0 OMUCY KiHETUKMN
¢pazoBux nepexonis. ¥ poboTi po3rsssHyTO METoAMNYHI 0COBAMBOCTI pO3p0bsIeHOro criocoby,
rapTiBHO-MIKPOCTPYKTYPHOIro aHasi3dy, Lo 4O3BOJISIE AOCIANTM eTanuy i xapaktep ¢al3oBux repe-
TBOPEHb Mpu KpucTanisawii, He3anexHo Big CTyrneHss MetactabiibHOCTi cuctemu. B rioro ocHoBi
BUICOKOLLBUAKICHE rapTyBaHHS Big Temreparyp ¢$a3oByx nepeTBoOPeHb, BUSHAYEHUX METOLOM
JATA. ExcriepyMeHTalbHO BCTaHOBJIEHO, LLO LLBUAKOCTI oxosomxeHHs (1,8-3,7) x 10° °C/c, ski
peaniayloTbCs Mpv BUKOPUCTaHHI METOAY «CTOM-rapTyBaHHs», MPUrHivyoTs abo 3Ha4YMo obme-
XYIOTb ANQDYIiVIHNI Nepepo3rnofisl eJ1IEMEHTIB y MPOLECi OXO/I0AXEHHS. Lle no3Bossie e(pekTnBHO
BUKOPUCTOBYBATU 3arpOrnoHOBaHW METOA aHasi3y [Asis BUB4EHHSI 0COB/IMBOCTeV (ha30oBux rnepe-
TBOPEHb rpu KpucTasnidaLii, 00YMOBIEHUX 3MIHOIO XiMiHHOro CkaAay, Br/IMBOM PI3HUX 30BHILLIHIX
¢akTopiB, 30kpema, 06poOKOI0 PO3raBy e/1eKTPUYHUM CTPYMOM.

Knto4yoBi cnoBa: anomiHivi-kpeMHiIeBi crisiaBu, KpucTanisalisi, Ga3oBi nepeTBOPEHHS, rapTyBaHHS,
LUBMUAKICTb OXO/I0LXKEHHSI.

q)asosi NepeTBOPEHHS MPW KpUCTasi3aLji € OCHOBOMOJIOXHMMU B NPOLLECi GOPMYyBaHHA
CTPYKTYpY MeTaniB i cnnaeis. BuB4eHHS MexaHi3My ix peanisauji 403BOSISIE BCTAHOBUTU
paHille HeBIOOMI KPUCTaNOXiMiYHI 3aKOHOMIPHOCTI, TEOPETUYHO OOrPYHTYBaTK BUOIp nery-
HOUMX | MOANMDIKYIOUMX ENIEMEHTIB, MPAHNYHO AOMYCTUMI KOHLIEHTPAL AOMILLIOK, PO3KPUTHA
npupoay ix BrNBY HA BNACTMBOCTI, NOKa3aTy HanbinbLL paujoHasbHI LLUSXM YO0CKOHaEH-
HS1 BiJOMMX i PO3POOBNEHHS HOBUX DYHKLIIOHANBHUX i KOHCTPYKLIHKMX MaTepianis [1]. Tomy
PO3LMPEHHS METOAMYHUX | EKCNEPUMEHTASIbHUX MOXJIMBOCTEN AOCHIIKEHHA (Ha30BUX
NepexoaiB B aIOMIHIEBO-KPEMHIEBMX CMlaBax Ma€ sk HAyKOBE, Tak i NPUKIagHE 3HAYEHHS.
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MeToaoM OoCHioKEeHHA MeTaniB i CrinagiB, iK1 HaNbIiNbLL LUMPOKO BUKOPUCTOBYETLCS
B NPaKTUYHOMY META/I03HABCTBI, € MeTanorpadivyHni aHanis, akmii 403BOJIIE OTPUMYBATU
iHpopMaLLito MPO KiNbKICTb | PO3Mip das, ix MOpdOoNorito, xapakTep Po3noainy Ta iH. [2].
MpoTe AOCTOBIPHO BCTAHOBUTU TUNM Ha30BUX NEPETBOPEHL (MEPBUHHA, EBTEKTUYHA
KpucTanisadisi ToL), B MPOLLECi AKux chopmMyBanacs CTPyKTypa, BUSHA4YNTN MEXAHI3M
YTBOPEHHS a3 No MiKPOCTPYKTYPI MOBHICTIO 3aTBEPAINMX 3pa3KiB € Ay>Xe npobriemaTny-
HUM. 30KpemMa, Lie BigHOCUTbLCS A0 das, Lo YTBOPIOKTLCS MO NEPUTEKTUYHIN peakL,i.
AKLLO0 B yMOBaX PiBHOBaXHOT KpUCTani3auji 3aiMCHIOETLCS MEPUTEKTUYHE NEPETBOPEHHS:
L+ B — a, oe L — pianHa, npomidkHa dasa f B CTPYKTYpi BiACYTHA. B3aemopjioun 3 pos-
naaBoMm (L), BOHA PO3YMHSAETLCS 3 YTBOPEHHAM da3um a. [Npn 3MiHi yMOB KpucTanisadii
(WBMAKOCTI, TUCKY Ta iH.) MEPUTEKTMYHA PeakLiisi MOBHICTIO HE 3aBEPLLYETLCS, | B CTPYK-
Typi 3’aBNseTbCs iHTepMeTanig . MpoTte abu Bu3HaunTu npupony ¢as, siki yreopmamcs
B LLbOMY BUNaAKy, BAHVUKAIOTb NEBHi TPYAHOLL.

MowmpeHnm MeToaoM aHanidy i NPOrHo3yBaHHSA CTPYKTYpPW Npu 3MiHi TeMnepaTypu
i cknany cnnaeiB € giarpamMu pal3oBuX PiBHOBAT, sKi BigoOpaxxatoTb CTaH CUCTEMM NpW i
MiHiManbHI BinbHIi eHeprii [1, 3, 4]. NMobynoBa Takmnx aiarpam 34iMCHIOETLCSA NPU OyXe
MOBINbHUX LLIBMAKOCTSAX HarpiBy abo OXONOOXXEHHS, nepeBaxHo Harpiey [4]. Temnepa-
TYpHi iHTepBanu pa3oBMx NepeTBOPEHb, AKi CyNPOBOAXYIOTbCS 3MiHO BanaHcy eHeprii
B CUCTEMI, BU3HA4YalOTbCA METOA0OM TEPMIYHOIO aHanisy [5].

B ymoBax peanbHOro BUPOOHMLTBA, a TakoX npu Pisnko-xiMiyHMX Oiax Ha cnnaswu,
YTBOPIOIOTLCS MeTacTabiNbHi CTPYKTYpPU, SIKi HE ONUCYIOTLCSA AjarpamMamm PiBHOBaXKHOMO
cTaHy. ToMy 3aCTOCYBaHHS ix AJ19 MPOrHO3yBaHHS MPOLLECIB YTBOPEHHS aD0 PO34YNHEHHS
da3 npu HEPIBHOBAXHIN KpUcTanisalji € HEKOPEKTHUM, OCKIifIbKW 3 TOYKM 30pYy TEPMOAN-
HaMiku PiIBHOBaXXHOrO CTaHy AjiarpamMmu pa3oBux PiBHOBAr NPUHLIMMOBO HE MOXYTb OyTU
BUKOPUCTaHUMW 7151 ONMCAHHSA KIHETUKM pa30oBux nepexomis [4]. 3a umx o6cTaBuH aHani3
$as30BUX NeEPETBOPEHb MOXIMBUI NMLLIE HA NPUHLUMNAX y3arajbHEHHS MOHATb KNACUYHOI
TepMoaMHaMIKN 3 BiAOMUMM 3aKOHOMIPHOCTAMIN HE3BOPOTHUX NPOLECIB [6].

HoBi MOXnMBOCTI 3abe3nedvye BucokoTemMnepaTypHun rapt [7-9]. OxonooxeHHs 3
piokoro abo aBodasHOro CTaHiB 3i LWWBMOKOCTAMMU, Lo nepesullytoTb 108-108°C/c, wn-
POKO BUKOPUCTOBYETHLCA AJ191 BU3HAYEHHS MapaMeTpiB KNaCTEePHOI CTPYKTYPU pO3naBiB
[10], nobynoBu metacTabinbHux giarpam ctany [11], oTpruMaHHS ApPiOHOKPUCTANIYHKX,
HaHOCTPYKTYPHUX | aMOpPHUX MaTepianis [12—-14]. Hepiako rapT 3pa3kiB 3AiNCHIOETLCS
B MPOLECI CNPSAIMOBAHOI KpucTanisauiji [15], o 403BONSE 3a CTPYKTYPOIO 30HM Nepexoay
3 piaKoro ctaHy 4o TBEpPOOro onucaTu NMpoLecu, aki BinOyBaloTbCa Npu KpucTanisadji.
EdekTnBHO 3 TOUKM 30pYy AOCNiAXKEHHS Ha30BMX NEPETBOPEHD € rapT Big Temnepartyp,
L0 3HaxXoOATbCs B 061acTi, 0OMeXeHil nikeigycom i conigycom [8, 16]. NepcnekTMBHUMU
€ TaKOX CNOCoOM rapTyBaHHS 3 BUCOKOTEMIMEPATYPHOr0 CTaHy B NpoLEeci 6e3nepepBHOro
OXONOOXKEHHS, LWWBMAKICTb IKOrO MOXE 3a4aBaTUCS B JOCUTb LUMPOKOMY Aianas3oHi [17].
MpoBeneHHsa Taknx OOCNIOKEHb BMMarae BeflbMu CKIagHOro eKCrnepmumMeHTanbHoro oo-
napHaHHsA [17, 18]. MNpoTe 1oro BUKOPUCTaHHS BUNPaBAOBYETbCS LIIHHICTIO 04epKyBaHOi1
iHpopmauii [19, 20], wo A03BOJISE 3 AOCUTb BUCOKOIO TOYHICTIO MOAENIOBATU peasbHi
npouecu Npu KpucTanisadii.

Y naHiri poboTi 45151 BUBYEHHS MiKPOCKOMiIYHOT KIHETUKM CKNaaHNX pa30BUX NEePETBOPEHD
i Mopdonorii pas Ha Pi3HMX eTanax KpucTanidadji aftoMiHIEBUX CNNaBiB MPOMNOHYETLCS Me-
TOoA rapTiBHO-MIKPOCTPYKTYPHOro aHanidy [21, 22], Hepi[aKo 3BaHU «CTOM-rapTyBaHHAM»
[17], y SKOMY BMUCOKOLUBUAOKICHU rapT BUKOPUCTAHO $IK IHCTPYMeHT dikcauii $pas, wo
YTBOPIOOTLCS NPW 3adaHin TeMnepaTtypi piako-TBepaoro ctaHy. B ocHOBI meToay —aHani3
daz30BUX NepexomdiB Ha NPUHLMMNAX TEPMOANHAMIKU HE3BOPOTHUX MPOLIECIB, L0 6a3Y0ThCS
Ha YABMIEHHAX NPO slokanbHy piBHOBary. OCKinbky 4ac BCTAHOBJIEHHSA TEPMOANHAMIYHOI
piBHOBary NPOMNOPLiHMIA 30iNbLUEHHIO PO3MIiPY CUCTEMM, MOXHA BBaXKATW, LLIO B MiKPOCKO-
MiYHMX 06’eMax piBHOBara BCTAHOBJTIOETLCS 3HAYHO LUBUJLLIE, HiX Y LLIIOMY B YCili CUCTEMI.
Monpwu Te, WO crucTemMa He 3HaxXoauThCs B PIBHOBA3I, B ii HEBENNKMX JTOKaJi30BaHMX 00’ emMax
piBHOBara BXe BCTaHOBWAACH MNPV NEBHMX NapamMeTpax: Temnepartypi, TUCKY, XiMIYHOMY
nMoTeHLiani atToMiB KOMMOHEHTIB [4]. Tomy po3pobneHunii criocid [21], Wwo peanisyeTbcs
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3 BUKOPUCTaHHAM NPUCTPOLO [22], 403BONSE O0CNIOXKYBATU NnpoLecn popmyBaHHA a3
npw KpuUcTanisauji antoMiHieBUX CniagiB, HE3aNeXHOo Bif, CTyneHs ix metacTtabinbHOCTI.

CyTb MeTony [21] nonsirae B HarpiBaHHi 3paska 40 TemrnepaTyp BULLLE TeMnepaTypu
MAaBfIEHHS, 3 HACTYMHOK KOHTPOJIbOBAHOIO LLIBUAOKICTIO OXONOOXKEHHS 0O TEMMNepartyp
iHTepBasy KpucTanisadii, BASHAaY4eHOro 3a AaHUMM TEPMIYHOI0 aHani3y, i30TEPMIYHIl BU-
TPUMLIi B PiIKO-TBEPAOMY CTaHi Npu TeMmnepaTtypi $asoBOro NepPeTBOPEHHS | rapTyBaHHI
3i LWBMAKICTIO HEe MeHwWolto Hix 10%-10% °C/c, 3 3aK/IOYHUM eTarnoM MiKPOCTPYKTYPHOroO
aHanizy oTpyuMaHux 3paskis.

ExcnepuMeHTanbHUN NpUCTPIn
[22] (puc. 1) aBnsie cobOo rOPU30H- 6
TanbHY €1eKTPUYHY Miy onopy, Wo
CKNaAa€eTbCs 3 UMIHAPUYHOIO KOp-
nycy 1, TenN0i30NKLIMHOro HANOBHIO-
Baya 2, Harpisa4da 3, pobo40i kKamepu
y BUMNs4i BOrHETPUBKOI NPOXigHWMA
Tpyobwn 4, BCTAHOBJIEHOI CMiBBICHO 3
Kopnycom 1, KpUWoK 5 i cuctemmn
BMMIPIOBAHHS | yNpaBiHHA TeMnepa-
Typoto neyii 3paska 6, 7. [MopoxHnHa
BOrHETPUBKOI TPYyOU 4 pobo40oi kame-
pv 3’edHaHa 3 HaBKOJIWLLIHIM cepea-
OBULLLEM BEPTUKANIBHUM OTBOPOM-
LO30M 9, AKMIA NPOXOOUTb YHU3 Ye-
pes TeNNOI30NALUIMHNA HaNOBHIOBAY,
KOPMYC Meyi i 3aKpnBaETLCS KPULLIKOKO
10. Y BEPXHili YaCTUHI BepTUKaNbHUM
OTBIp-LW03 9 BXOAUTb Y FTOPU30H-
TaJIbHWA OTBIP BOrHETPUBKOI TPYOn 4,
O 3HAXOAUTLCS B i30TEPMIYHIN 30HI
HarpiBaHHs. [ig 0TBOPOM-LLUNO30M 9 /72
3 KPULLIKOIO CRiBBICHO pO3TaLLOBaHUI
MOAYJlb OXONOAXEHHS 12, Npu3Ha-
YyeHul ona 3abe3nedvyeHHs rapTy 3i

K205 WIMEPHTENS-PENYASTOR

W
LIBMOKOGTSIMM, L0 103BOASHOT npy- | /C: 1+ CX€Ma MPUCTPOIO ANsi AOCTIKEHHS (hasosux
L nepeTBopeHs i Mopdonorii pas y npoueci kpuctanisauji

ﬂy”"yBa.TM 'U'Mq)Y:;'V'.H'_npO”'eCM nepg— [22]: 1 — xopnyC ropn3oHTasIbHOI ENIEKTPUYHOI NeYi ono-
pO3NoAly aTOMIB XIMIMHUX EIEMEHTIB . 2 _ tennoisonauiiiHuii HanosHioBaY; 3 — Harpisay;
NP OXOJTIOAXKEHHI, B iagasi — LOCATTN 4 — poGoya kKamepa eNekTPUYHOT neyi onopy y BUMSL;
6e3aundysioHoi kpucTanisadii. BOTFHETPUBKOI TPYOU; 5 — KPULLIKK; 6 — BUMIPHUK-pe-

3rigHo [23] B npoLeci kpucTanisa- rynsaTop Temneparypu; 7 — CemicTop; 8 — fLocniaHui
uii oudysia y TBepain dasi NoBHICTIO 3Pa30K; 9 — BepTMKanbHUIA OTBIP-LLN03; 710 — KpULLKA
MPUIHIYYETLCS NMPY LUBUAOKOCTSIX 0X0- CTBOPY LUO3Y; 11—-Tepmonapa-LUTOBXaJIbHUK 3Pas3ka;
NOMKEHHS B AjanasoHi Bin rpamycis 12~ MOAYE OXONOMXEHHS
3a XBWJIMHY A0 COTEHb rpaayciB y
cekyHay, B PiaKin — npu WBNAKOCTAX OXON0MKEHHS He MmeHLwmnx 10%-10°8 °C/c, 3anexHo
Bif, cknaay cnnaey [23-26]. OgHak y BCix BUnaakax Ui AaHi € OLiHOYHUMMK, OTPUMaHUMK
PO3PaxyHKOBUM LLJISIXOM [26].

MeTa poboTn — NPOBEAEHHSA EKCNEPUMEHTANTbHUX OOCHIAXEHb NO BCTAHOBIEHHIO
peanibHUX LUBUOKOCTEN OXONOAXKEHHS, AOCTATHIX AN dikcauji CTPyKTypu BUCOKOTEMNE-
paTypHOro CTaHy Npwv BUKOPUCTaHHI po3p0obeHoro MeToay rapTiBHO-MIKPOCTPYKTYPHOIro
aHanisy [21], 3 AeMOHCTpAaLLE0 NOro MOXNMBOCTEN ANs AOCNIAXEHHS Pa30BuUX nepe-
TBOPEHb B aJIIOMIHIEBO-KPEMHIEBUX CNlaBax y NPoLEeci Kpuctanisadiji.

LLIBMAKOCTI OXONOAXEHHS, AKi peanisyloTbCsa B MOAYJi OXONoaxXeHHs [22] (auB.
puc.1, no3uuia 12), 3anoBHEHOro BOAO0, BM3HAYanNu Ha 3paskax Baroto 651msbko 0,2 T,
OTPUMaHKX 3 antoMiHIEBUX rpaHyn. HeBenuknii 06’em 3paska Ta isoTepmMivyHa BUTPUMKA
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npoTarom 3—5 xB. 3abe3ne4vyBany PiBHOMIPHICTb MOro HarpiBaHHS i BiACYTHICTb rpagieHTa
Temnepartyp no nepeTuHy. [1ns BU3HA4YeHHs napamMeTpiB TBEPAHEHHSI BCEpPeaNHY 3paska
nomiLLanm cnam TepmMonapu Mapku xpomenb-antomesnbs (XA). MNMoTim 3pa3ok Harpisann B
rnedi 0o 3a0aHoi TeMnepaTypu, BUAManm i momillanm y Boay, 3anncyum TeMneparypHy
KPUBY OXONIO0KEHHS 3 4aCTOTOlO 12 BUMIpIOBaHb Yy CEKYHAY.

3pasku 3 BbygoBaHMMK TepMonapamMuy oTpuMyBanu agoma cnocodamu. Mo nepLuomy
3 HUX, FPaHyy NOAINANN HAABOE, KOXKHY HaCTUHY PO3KIIENyBaan 00 YTBOPEHHS NAACTMHN
TOBLLMHOW NpnbnM3Ho 1,5 MM i 3rvHanu Bagidi. PoamilleHHs cnato TepMmonapuv BcepeauHi
3paska 3aincHIBaNM HAaCTYMHUM YAHOM: 3 KiHLLIB APOTY, SKi BUXOASAThb i3 COTOMKM TEPMO-
rnapu, LLASIXOM iX CKPyYyBaHHSA pOPMYBanm KifbLEe AiaMeTpoM 5—6 MM, MiC/si YOro CKpyTKy
3i cnaem, O0BXMHA AKO0i cknagana 1/2 pagiyca Kinbus, BigrMHaam, po3Milllytoun cnamnm B
LLeHTpPI KinbUs (prc. 2, a). KinbLe 3i cnaem po3miLlany oMk antoMiHIEBUMK MIaCTUHAMN i
onpecoByBasu, Mic/sg YOro 3pa3ok po3nniaensanm. HoBoyTBopeHa kpanns, 3aBasiku cunam
MOBEPXHEBOIO HATArY i MiLLHOCTI OKCMAHOI NNiBKX, YTPMMyBanacs Ha cnato TepMmonapu.
Pa3om 3 TuMm, y xo4j eKcnepuMeHTiB 3’ICYyBanocs, Lo ONUCaHMM CNocid KpinieHHs TepMo-
napu oo 3pa3ka HegoCTaTHbO HaaiHWA. Y paai BUnaakiB, Npy NepeHeceHHi TepMmonapu
3 reyi B EMHICTb 3 BOAOI0, Kpanns Bigpueanacs. ToMmy B ApyromMy cnocobi HafiiHIiCTb Kpi-
MAeHHN 30inbLUyBanM, 0OnniTaloyn 3pas3ok APOTOM Y BUMAA «KOLLKKa», MPUKPINIEHOro
[0 CONIoMKM Tepmonapm (puc. 2, 6).

a 6

Puc. 2. Cnocobu KpinneHHs O0CniaXyBaHOro 3pas3ka B Cepisix ekc-

nepumMeHTiB "a" i "B

Y xoAaj ekcnepmMMeHTIB 3aiNCHI0BaNM Biaeo3anunc 3 QikCyBaHHSIM Yacy BUITyYEHHS 3paska
3 nedi i 3aHypeHHs 1noro y soay. OTpumany iHdopmalLito 3icTaBnsaan 3 AaHKUMM NMPO Yac
3aHYpPEHHS 3pa3ska y BOAyY, BUSHAYEHUI MO MOJSIOXEHHID BUCOKOTEMMNEPATYPHOI TOYKM
rnepervHy Ha 3a1eXHOCTAX TemnepaTtypa—4ac (puc. 3). s cUHXpOoHi3aLii Bigeopsay i3
3annMcoM TEMMEPATYPHOI KPUBOT OXONOOXKEHHS BUKOPUCTOBYBAIN MPUNOM «3aKOPOYEHHS
Tepmonapu», BHaCNig0K HYoro BiadyBanocs nepepuBaHHs TeMnepaTypHOi KPMBOi 0X0N0-
IXXKEHHS, 3 0JHOYAaCHMM BUKJIIOYEHHAM cBiTnoaioaa. OcTaHHE dikcyBanu Bigeo3anmcom.

3pas3ok BUTpUMYyBann B nedi npu temnepatypi 730-740 °C. 3a nokasHuKamMmu
BiJE€03anucy TpMBasiCTb MOro NMepPEMILLEHHS 3 Nedi A0 3aHYPEHHS Yy BOAY CTaHOBMNA
6113bko 0,5 ¢. MpoTarom LbOro Yacy TemnepaTtypa 3paska 3HuxyBanaca 10 720 -700 °C,
TOOTO [0 3aHYPEHHSA B BOAY BiH 3a/IMLLABCS B PiAKOMY CTaHi.

lMpoBeaeHo ABi cepii EKCNEPUMEHTIB: «a» i «B». Y Cepii «a» BUKOPUCTOBYBaIN TepMonapy
XA 3 giameTtpom gpoty 0,10 MM, KpinfieHHs TepMonapu B 3pa3ky 34iMCHIOBann 3a nep-
LM cnocoboMm (ame. puc. 2, a). Y cepii «B» giameTp apoTy ctaHoBUB 0,25 MM, KpinneHHs
3paska—3aapyrum cnocodbom (aye. puc. 2, 6). MNMpu po3paxyHKy LLBUAKOCTI OXONTOIKEHHS
Temnepartypy i Hac 3aHypPeHHs 3pa3ka y BO4y BU3HAYaIM No KPUBI OXONOOKEHHS (AnB.
puc. 3). Ockinbkn MeTa MeTOAMNKM rapTiBHO-MIKPOCTPYKTYPHOr 0 aHaniay — dikcaujis cTpyk-
Typu B iHTepBani TeMmnepartyp TBEPAHEHHS, LIBUOKICTb OXOJNIOAXKEHHS TaKoX HeoOXiaHO
BMU3Ha4aTy B 0611acTi ABOPa3HOro ctany. Pasom 3 TMM, 4epes KOPOTKOYACHICTb NpoLecy
OXONOMXKEHHS B eKCNEepUMEHTaXx i 0OMeXeHi TEXHIYHI MOXITMBOCTI PEECTPYIOYOi anapatypu,
HE BUKJTIOYEHO, LLIO HYacTOTa, 3 IKOIO 34iNCHIOBANM 3aMipy TeMnepaTypm, € HEAOCTATHBLOIO.

3okpema, TemnepaTypa, Lo BiAnoBigae TOULL NepernHy Ha KpuBii oxonoaxeHHs a0
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Puc. 3. TemnepaTypHi KpMBi OXONOOKEHHS 3PA3KiB eKCNepruMeHTanb-
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(amB. puc. 3), BiOpiBHAETLCA Big, TEMNepaTypu HACTYNHOro BUMIpYy Oinblue, HiX Ha
200 rpapycis. NMpuyoMy Take nNagiHHA TeMNepaTypu BiAOYyBAETLCSA 32 YACTKU CEKYHAN.
FPYHTYIOHMUCh HA [AaHVX EKCMEPUMEHTANIbHUX AOCHIIKEHb, OMNOBHEHMX pedybTatamu
rpadiyHmx NobyaoB HA OCHOBI €KCTPanonsAUii OiNSTHOK KPMBOI OXONOAXKEHHS 3 PISHUM
KYTOM Haxuiy, siki ONMCYIOTb 3MiHY TemMrnepaTypu 3paska B 4aci A0 i nicns 3aHypeHHs
moro B BoAy (puc. 4),

MOXHa MPUAYCTUTU HACTynHe. AKLWO WBUAKICTb OXONOAXKEHHS BU3HA4YEHaA 32 KPMBOIO
OXOJIOKEHHS, KONM 3a NO4aTKOBY TEMMepaTypy NPUNHATO TEMNepaTypy nepervHy Ha
KPUBI TeMnepartypa—4ac, 3a KiHLEBY — TeMNepaTypy HAaCTYNHOIO BUMIPY, TO PO3PaxyH-
KOBA LUBUAKICTb OXONO4KEHHS, MMOBIPHO, € AELL0 3aHUXXEHOI0, a YaC 3aHYPEHHS 3paskay
BOZy, BCTAHOBJIEHWI 3a LLiEIO KPMBOLO, HE BiANOBiaae peanbHoMy. MabyTb, TO4Ka NepernHy
[eLl0 3MilLleHa BNpaBo Mo BiCi Yacy, 9K Lie nokasaHo Ha puc. 4. OCKinbkn YacToTa kaapis

716

712

Temnepatypa °C

704

700

0 0,83 1,63 2,64 3,29 4,12 4,95

Yacosi NpoMixXXKn BUMIpIB TeMnepaTypu, C

Puc. 4. Cxema KprBOi OXONOOKEHHS 3pa3ka: a — To4ka NepervHy Ha eKCnpumMeH-
TasbHil KPUBI TEMNepaTypa-4ac; 6 — MOMEHT NOYaTKy FrapTyBaHHS MO TEOPEeTNY-
Hil KPUBI TeMnepaTypa—yac; B — OiINAHKN TEOPETUYHOI KPUBOI TeMnepaTypa—vac
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Bioeo3iMomMkm ctaHoBuna 13—15 kaapiB y cekyHay, WO CriBpO3MipHO 3 HacTOTO BUMIPY
TemnepaTtypu (12 BuMiptoBaHb y CEKyHAY), Bioeo3nomMKa He 003Bonunaa Binbll TOYHO,
HIXXK N0 TeMNepaTypHi KPUBI OXONOOXKEHHS, BU3HAYNTM MOMEHT 3aHYPEHHS 3pa3ka y
Boay. Pazom 3 Tum, Tpeba Bia3Ha4YNTK, L0 HYac 3aHYPEHHS 3pa3ka y BO4y, BUSHA4YEHWI 3a
BiZ1E03aMMCOM, NPaKTUYHO 30iraeTbCs 3 MONIOXEHHSAM MEPErnHY Ha YTOYHEHIN TEOPETUYHIN
3anexHocTi TeMnepartypa-yac (avB. puc. 4, Todka 6). To6TO, B NOPIBHSAHHI 3 eKcnepu-
MeHTasIbHOK KPUBOIO TOYKA NepernHy 3millleHa BnpaBo Ha OAuH iHTepBas BUMIPIOBaHHS
Temnepartypu, wo cknagae 0,83 c.

Yum BinbLue iHTepBaniB Yacy BUKOPUCTAHO MPY PO3PaxyHKY LLBUAKOCTI OXONOOKEHHS,
TUM MEHLLOIO € BESIMYMHA MOXJTMBOI MOXNOKM. TOMY AJ19 BCTAHOBJIEHHS LUBUAKOCTI OXO-
NOOKEHHS Ha 3aBepLUanbHOMY eTani OXON04KEHHS 3pa3ka y BOAj 3HAYEHHS Yacy i tfemne-
paTypu BU3Ha4anu 3a KoopamHataMmy TOHKM NEPErMHY B HUXKHIN YaCTUHI TeMnepaTypHOi
KPUBOI OXONOAXKEHHS (HUXKHS HaCTUHA KPpMBUX Ha pyc. 3). ns OLLHKW MOXTMBOi HETOYHOCTI
Yy BCTQHOBJIEHHI MOYaTKOBOrO MOMEHTY 3aHYpPEHHS 3pa3ka y BoAy, A/ KOXHOI KPMBOI
NPoOBeOEHO A0AaTKOBUIN PO3PAXYHOK, B AKOMY MOJIOXKEHHS BUCOKOTEMMEPATYPHOT TOUKN
nepernHy Ha KpuBin TeMmnepaTtypa—4vac 3MilLLeHO MO BiCi Yacy Ha OAMH iHTepBan BUMIpY,
TOOTO Ha 0,83 cekyHan. YMOBU eKCNEPUMEHTIB | OTpUMaHi AaHi HaBegeHo B Tabn. 1i 2.

Ta6nuua 1
YMOBU eKCrnepumMeHTy
MapkyBaHHs Hiaverp Bara Croci6 kpinieHns
ZIPOTY TepMOTapH,
3pasKa "M 3paska, r TEPMONApH B 3pa3Ky
al 0,18
0,10 OTIPECOBYBAHHS
al 0,18
Bl 0,20
3 0.25 0.21 ONMpECOBYBAHHS 3
00B’I3K0I0 ZIPOTOM
B4 0,21

AHani3ylo4mn OTpUMaHi pe3ynbTaTt, MOXHa BiA3HAYNTN, L0 LLUBUAKOCTI OXONOOKEHHS
B eKCrnepuMeHTax cepii «a» B ABa-TPW pa3sun BULLI, HiX B cepii «B». Bara BUKOPUCTaHUX
3paskiB, Ak BUAHO 3 Tabn. 1, BiapisHaeTbes nuiie Ha 10 %, a neBHa pisHULA B AiaMeTpi Tep-
MOMAPHOro APOTY TakoX HE MOr1a NPUBECTM A0 TakOro iCTOTHOrO NPUPOCTY TEMIOEMHOCTI
3paska. Tpeba aymaTtu, L0 OCHOBHOK MPUYNHOK iICTOTHUX BiAMIHHOCTEN B XapakTepi
KPUBUX OXONOOXKEHHS, OTPUMAHMUX Y Pi3HUX CEPIsIX eKCrePUMEHTIB (OuB. puc. 3), € 3MiHa
crnocoOy KpinsieHHs TepmMonapu y 3pasky.

Y cepii «a» KyT Haxmny KpUBMX Bi, MOMEHTY NOYaTKYy OXOSIOAKEHHS 3paska y BOAj A0
MOMEHTY NOr0 BUJTyHEHHS 3 BOAM 3MIHIOETbCS HE3HAYHO. Pa30M 3 TUM, KYT HaxmIy KpUBUX
OXONOOXKEHHS 3pa3KiB Cepii «B» HA MOYATKOBIN AiNSAHL iX OXONOOXKEHHS A0 TEeMnepaTypu
600-500 °C 3Ha4HO MEHLLWI, HiX Ha AiNSHLi NOAANBLLONO OXONOAXEHHS. IMOBIpHO, 3 no-
HMXXEHHSAM TeMMepaTypu B EKCNepuMeHTax cepii «B» BifaOyBaeTbCA 3MEHLLEHHS NapoBOi
COPOYKM HABKOJO 3paska, sika yTpuMyBsanacst ApOTOBUM KpinneHHsMm. Lie nprsseno oo
30iNbLUEHHS TENNOBIABEAEHHS i BiAMNOBIAHO KyTa HAXWUy HU3bKOTEMMNEPATYPHUX AiNAHOK
KPUBUX, HABAMXKaO4M iX 40 HaxXUy KPpUBMX cepii «a» (ame. puc. 3). BucnoeneHa rinotesa
TakoX MiATBEPAKYETLCS AAHUMUN MPO PISHULIO Y BEJIMYNHI LLUBUAKOCTI OXONOAXKEHHS 3pas-
KiB cepii «B» Ha noYyaTkoBoMmy eTani (Tabn. 3) i NPOTAromM BCbOro nepiogy OXonoaXeHHs
(omB. Tabn. 2).

Tpeba oymaTu, WO 3MEHLLUEHHS LUBUAKOCTI OXONIOAXKEHHS «Kpanni» B cepii ekcne-
PUMEHTIB MOXe OyTM NOB’A3aHO He TiNlbKM 3 MPUCYTHICTIO APOTAHOro Kapkacy HaBKOO
3paska (cepiqa «B»), ane i TepmMonapwu, Lo 3HaX0ANTbCS BCEPEOMHI MOro (cepii «a», «B»).
Tomy 3 BUCOKMM CTYMEHEM BiPOriAHOCTI MOXHA CTBEPAXKYBATU, LLLO NP BUCOKOLLIBUAKIC-
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Tabnuuga 2
LLIBuaKocCTi OX0NoaXXeHHa 3pa3KiB
Koopzlnn HaTH nodar- Koopaunatu KiHieBoi .
Cepisn i KOBOL TOMIH TEM™ TOYKH TeMIlepaTypHOi ‘ucao Isnaxicts
nepaTypHOi KPHBOi . THMYaco- OXOJIO/I’K€HHS,
HOMeEP OXOJI0KEHHS KpHUBO1 OXOJIOAZKE€HHA BHX iHTep— OC / c
3pa3Ka .
yac, ¢ T, C yac, ¢ T, C Bams
6,7 4 1842
a0 7105 71 96,7
6,8* 3 2457**
al 6,25 3 2446
700 6,5 88,3
6,3* 2 3669**
sl 49 717 4 55 1236 ! 1018
5,0* ’ ’ ’ 6 1188**
53 5,0 9 839
510 721,8 575 92,65 g 04Lr
6* 720,2 8,00004 942
4 : 6,66667 92,14 :
"’ 6.1 7,00004 1077

Mpumitka: * — noyaTok Bianiky Yacy 36inbeHo Ha 0,83 ¢; ** — WBMAKICTbL OXON00KEHHS pO3paxoBaHa 3a
36iNbLUEHM HaCOM Mo4aTKy BiasiKy

Ta6bnuua 3
LLIBUaKOCTI OXON1I04KEeHHSA 3pas3KiB cepii «B» HA NOYaTKOBOMY
eTani OXoJI0A)KEeHHS Y BOA,i

. . . IIBuakicTn
Koopaunaru noyaTkoBoi Koopaunaru Kinuesoi
. . OXOJIOKEHHS,
TOYKH TeMIepaTypHOi TOYKH TeMIepaTypHOi 'C /o
Cepis i KPHUBOi 0XOJIO/[KEHHS KPHMBOI OXOJIO/[KEHHS
HOMep 6e3 monpaBKu
3paska / 6e3 nonpasku
3 MONPABKOIO; T, C yac, ¢ T, C /
yac, ¢ 3 MONPaBKOIO
4,9 529
sl 717 4 53 497,2
5,0 661
B3 5 412
721,8 5,4 548,9
51 514
6 539
4 720,2 6,4 494
’ 6,1 672

HOMY OXOJTIOKEeHHi 3pa3ka 3 06,1acCTi piAKO-TBEPA0ro CTaHy, Ha AKOMY 6a3yeTbCa MeTo[,
rapTiBHO-MIKPOCTPYKTYPHOro aHanisdy [21], WBMAKICTb MOro OXONOAXKEHHS CTAHOBUTb
He MeHwe (1,8-3,7) x 102 °C/c (amB. Tabn. 2). Ak 6yae nokasaHo gari, e € 4OCTaTHIM
ons ¢ikcauii asoBux nepeTBopeHb i Mopdonorii Gas Ha pidHMX eTanax kpucTanisawii
astoMiHIEBUX CMaBiB.

HocnigpxeHHs npoBeaeHo Ha cnnagi Al-8%wmac.Si-0,7%mac.Fe, cknag akoro Ha
niarpami piBHoBaxHoro ctaHy cuctemu Al-Si—-Fe npu 0,7%wmac.Fe (puc. 5 [3]) nosHa-
YeHO NYHKTUPHOIO NiHieto |. BuByann ocobnmneocTi Ga30BmX NEPeTBOPEHb, MOB’A3AHUX 3
YTBOPEHHSAM 3asi30BMiCHMX pa3 npm 00poBbeHHi PO3MiaBy €l1eKTPUYHUM CTPYMOM 3a
PEXUMOM: FYCTMHA ENEKTPUYHOIro CTpyMy (j) 7 x 10* A/m2, yactoTa cTpymy (v) — 700 'y,

MikpOCTpPYyKTYpU BUXiAHOrO cnnaey (puc. 6, a, 6) i nicns 06pobneHHs NOro B PiaKkoMy
CTaHi eNeKTPUYHUM CTPYMOM (pUC. 6, B, ) iCTOTHO Bigpi3Ha0TbCs. OCHOBHA BiAMIHHICTb
nonsrae B Mopdonorii 3anizoBMicHuX das: ronkonofidbHa (nnacTmHyacTa) y BUXiGHOMY
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Puc. 5. Poapis giarpamum ctany cuctemm Al-Si—Fe npn 0,7%mac.Fe [3]

cTaHi (ouB. puc. 6, a, 6), NnepeBaxHO po3ranyxeHa — nicns 06pPodNeHHs po3naaBy OOHO-
MONSIPHUM IMMYNIBCHUM €NEKTPUYHUM CTPYMOM (AMB. puc. 6, B, r). NMpu uboMy Biapi3HA-
I0TbCS HE TiNbKW MIKPOCTPYKTYPU, ane i napameTpu Kpuctanisauii 3pa3skis, siki BU3Ha4anm

meTtonom ATA (Tabn. 4).

ETanun Ta ocobnuBocTi pazoBmx NepeTBOpPEeHb Npu KpucTanisauii gocnigxyBanm Ha
YCTaHOBLj, cXeMy fIKOi nokasaHo Ha puc. 1. 3pasok macoto 0,2 r HarpiBanu oo TemMne-

patypu 700 °C i oxono,uxysanm 3i weunakicTio 0,3 °C/c oo 3apaHnx TemnepaTtyp B iHTep-

Puc. 6. CtpykTypa cnnaBy Al-8mac.%Si-0,7mac.%Fe y BuxigHomy cTaHi (a, 6) i
nicns 06pobneHHs PO3nnaBy eeKTPUYHUM CTPYMOM 3a PEXUMOM: j = 7x10% A/m?,
v=700Ty (B,);a B— VOXO.H =2 OC/C; 6, r— Voxon =0,7 0C/C; X200

34
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Ta6bnuua 4
Bnnue o6po6sieHHs po3nJjlaBy OAHOMOJISIPHUM iMMNYJIbCHUM eJIeKTPUYHUM
CTPYMOM Ha napameTpu KpucTtanisauii cnnaBy Al-8mac.%Si-0,7mac.%Fe

TeM.neI.)aTypa TeMnePaTypa IHTepl?aJl MoBruii yac
3pasku JIKBiTyC coigyc Kpucramisawii | —————
T, °C T, °C AT, °C P ’
Buxinnmnii crias 612 538 74 83,0

[Ticsst 06pobneHHs
PO3ILIaBY eJEKTPIY- 585 529 56 96,1
HIUM CTPYMOM

Bani kpucTanisauii (gue. Tabn. 4). Micns BUTPUMKM NpU Wil TeMnepaTypi NpoTsaromMm 5 xs.
3pas30k Yepes3 BepTUKanbHUI OTBIP-LLUI03 (9) ckngany TepmMonapoto-Tosxadem (17) 3
HarpiBasbHOT KAMEPW B rapTiBHY LLAXTY MOAYIS OXONOOKEHHS ( 12), 3anOBHEHY BOAOIO, e
BiH, Ik OyJ10 eKCrneprMeHTalbHO BCTAHOBJIEHO, OX0J104KyBaBCH 3i WuBUAKICTIO (1,8-3,7) x
103°C/c. Le 3abeanevyBano ¢ikcauito ¢as, ki yTBOpMANCA Npuv 3agaHux TeMnepaTypax
B 06nacTi piako-TBEPAOro ctaHy (puc. 7, 8). Mpu ubomy pianHa, Wo 3anvmnnacs, Kpuc-
TanisayeTbCs y BUMS4i TOHKOANPEPEHLINOBaHOT eBTEKTUKN. [1pn XiMIYHOMY TpaB/ieHHI
BOHa 3a0apBOETLCS B TEMHWIA KOMIP i NErKO BiAPIBHAETLCS BifL 3pOCTa0UNX B AaHUI MO-
MeHT ¢pas. Ha poTorpadisx MikpoCTpyKTyp (AMB. pUc. 7, 8) us ncesoopianHa Nno3HavyeHa
CMBOJIOM L. BUCHOBKM NPO XxapakTep ¢pa3oBux NepeTBOPEHb Ha PI3HMX eTanax Kpucra-
nizauji 6a3y0TbCs Ha pe3ysibTaTax MiKpOCTPYKTYPHUX OOCHIAXKEHb 3pa3kKiB, OTPUMaHNX
BUCOKOLLBUAKICHAM OXOJIOXXKEHHAM 3 PIOVHHO-TBEPAOro CTaHy, JOMOBHEHUX OAHUMU
MIKPOPEHTIEHOCMEKTPAaIbHOrO i PEHTreHOCTPYKTYPHOIrO aHasiay.

Puc. 7. Etanni peakuii popmyBaH-

HA CTPYKTYpW BUXiQHOrO cnnaBy

. Al-8mac.%Si-0,7mac.%Fe B npoueci

KpucTanisauii: a - trgpt = 610 °C,

L — A|OL; 6 — trap‘r = 580 0C,

i Lo B—FeSiAI5 + Ala; B— trap‘r =560°C,
L — B- FeSIAI5 + Si + Ala; X 400

BionosigHO 00 piBHOBaXxHOI giarpamMmu ctaHy B nNpoLueci kpuctanisauii cnnasy
Al-8%mac.Si—0,7%mac.Fe 3aiincHoTbCa Taki ¢pas3oBi nepeTBopeHHs: 1. L — Ala,;
2. L — B-FeSiAl + Ala; 3. L — B-FeSiAl, + Si+ Ala. (avB. puc. 5, nyHkTpHa niHis 1). Lie 36ira-
€TbCH 3 pe3ysTaTamMm rapTiBHO-MIKPOCTPYKTYPHOI O aHai3y BUXILHOr O Criiasy (AVB. pUC. 7).

3a gaHuMm TepMivHOro aHanisy (ave. Tabn. 4) NnepeoxoslofKeHHs cniasy nicnst 06-
pPOOKM 110ro B PiAKOMY CTaHi eNeKTPUYHUM CTPYMOM cTaHoBUTL 27 °C. Mpu ubomy Ha 18 °C
3MEHLUYETLCS iHTepBan KpucTanisaii npu 36inbLLEHHI MOBHOrO Yacy kpucTanisauii Ha
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Puc.8. Etanu i peakuii dopmyBaHHa cTpykTypu cnnasy Al-8%wmac.Si-0,7%mac.Fe
npv kpycTanizaii nicna 06pO6NEeHHs PO3NIIAaBy ENEKTPUYHUM CTPYMOM (j = 7x10% A/m,,
v=700Tw):a~trapr=581°C, L - Ala; 6~ lrapr =554 °C, L — FeAl, + Ala; B~ trapr = 545°C,
L + FeAl, — a- Fe,SiAl, + Alo; I — trapr = 535 °C, L + FeAl, — o~ Fe,SiAl, +p- FeSiAl, +
+Alo; X 400

13,1 c. 3miHOTLCA dasoBuii cknag (puc. 9, Tabn. 5) i Mmopdonoris 3ani30BMICHUX WH-
TepmMeTaniais (ame. puc. 6).

Jundpakrorpamm BUXigHOro (ave. puc. 9, a) i 06pob1eHOro B pigkoMy CTaHi e1eKTPUYHNM
CTpymOM (aus. puc. 9, 6, B) Cr/iasiB CBia4aTh Npo NPUCYTHICTL hasu B-FeSIAl, (B) y BCix 3paskax
(ovB. puc. 9, Tabn. 5). OgHak Mmopdonoris ujei pasu pi3Ha: ronkonoaibHa (nnacTnH4acTa)
y BUXigHoOMy cnnasi (auB. puc. 6, a,6) i posranyxeHa (auB. puc. 6, B, r) — nicnsa o6-
pOo6GNEHHS pO3naBy OAHOMOJSPHUM IMMNYJIbCHUM €EKTPUYHUM CTPYMOM FYCTMHOLO
7 x 10* A/m2ivactoToto 700 'y, Wo CBigYNTL NPO Pi3HI MexaHi3Mu ii yTBOPEHHS.

JocnipxeHHs cnnaBy, 06po6aeHOro B piAKOMYy CTaHi eNeKTPUYHUM CTPYMOM,
rnokasajnu CyTTEBI 3MiHM B xapakTepi ¢a3oBuUX NepeTBOPEHb Npu KpucTanidauii
(omB. puc. 8). Ha nepwomy eTani BUAINAIOTbCS NEPBUHHI KPUCTaNM TBEPAOro po3-
4YMHY anOMiHIlO No peakuii: L — Ala (puc. 8, a). Ha gpyromy etani roro kpucrtani-
3auii, Ha BigMiHY Big Aiarpamm PiBHOBAXHOrO CTaHy i AaHUX, OTPUMaHUX Ha BUXia-
HOMy cnnasi, ¢pasa B-FeSiAl; He yTBOPIOETLCA, a Mae MiCue eBTeKTUYHA peakuis:
L — FeAl, + Ala (puc. 8, 6). Ha HacTynHux eTanax kpuctanisauji pasa FeAl, BcTynae B
peakLiito 3 po3naaBoM 3 YTBOPEHHAM BiNbLL CknagHMx eBTekTukK . Ha puc. 8, B 3adikco-
BAHO NOYaTOK PO34MHEHHS Pasm FeAl, B po3niasi no NepuTekTMKo-eBTEKTUYHIN peakLiji:
L + FeAl, - a-Fe,SiAl, + Ala. Us i HacTynHi peakuii: L+ FeAl, — o-Fe,SiAl; + B-FeSiAl,
+ Ala (amB. puc. 8, r) i L + FeAl, —» a-Fe,SiAl, + B-FeSiAl, + Si + Alo 3AjiiCHIOIOTECS B
iHTepBani yacy. Lle nobpe BMaHoO Ha puc. 8, r, ae B npoueci GopmMyBaHHSA €BTEKTUKM
a-Fe,SiAl, + B-FeSiAl; + Alo. MO NepUTEeKTUKO-EBTEKTUYHIN peakuii 3adikcoBaHO HEPO3-
4nHeHi octoBn dasn FeAl,. Came He3aBEPLLEHICTIO NEPUTEKTMKO-EBTEKTUYHOT peakLyii
NOACHIOETLCA NMPUCYTHICTL BifoOpaxeHs Bia, ¢pasm FeAl, Ha audpakrorpami cnnasy, 06-
po61eHOro B PiAKOMY CTaHi eNIEKTPUYHMM CTPYMOM i 0X0104)KeHOr o 3i WweuakicTio 2 °C/c
(ame. puc. 9, 6). OcobnusicTio pasu B-FeSiAl,, aka yTBOPIOETLCS 3a NEPUTEKTUKO-EB-
TEKTMYHOIO peakLji€eto B crnasi, 06pobeHOMY B PiIKOMY CTaHi eNeKTPUYHUM CTPYMOM, €
3MiHa Moposorii il KPUCTasiB 3 FOIKOMOAIGHOT Ha po3ranyxeHy, noaibHy dasi a-Fe,SiAl,.
Mpo MOXIMBOCTI GOPMYBaHHS pPO3rasly>keHnx kpucTanis ¢asm B-FeSiAl, BingHa4eHo i B
MoHorpadii [3], ane He BKka3aHO, 3a AKMX YMOB Lie peanisyeTbcs.
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IHTEHCUBHICTb PO3CilOBaHHSA
PEHTreHIBCbKOro BUNPOMIHIOBAHHS, iMTT.

IHTEHCUBHICTb PO3CilOBaHHSA
PEHTrEeHIBCbKOrO BUNPOMIHIOBAHHS, iMI.

IHTEHCUBHICTb PO3CilOBaHHS
PEHTIEHIBCbKOIO BUMPOMIHIOBAHHS, iMM.

800
A Al Al
600 =
@
& -~
400 =
m
B “ Si | f_f
200 | _ a8 3
l\ ' M-
B 5 i il
EJ B Si S
0 PR W L)LJ ; UH!P_.JH,,.;.J
15 25 35 45 55 65 75 85 95 105
KyT BigO3epkaneHHs pPEHreHIBCbKOro BUMPOMIHIOBaHHS 20, rpag,
a
800
Al Al
600 Al
400 1Al
% Si
200 -I- » Al
. of| & si s
0
15 25 35 45 55 65 75 85 95 105
KyT Bioa3epkaneHHs peHreHiBCbkOro BUNPOMIHIOBaHHS 20, rpaf,
6
800
Al
600
Al Al
Al
400 =
Si -
T l :l Si
200 u/} ] | § Al
"o |si B .
; I 8 la E&W si Sl si =
0 MJL\J Ll—‘J J h .f | -.rhms
15 25 35 45 55 65 75 85 95 105

B

KyT Biga3epkaneHHsi peHTreHiBCbKOro BUNPOMIHIOBaHHS 20, rpaf,

Puc. 9. AndpakTorpamm cnnasy Al — 8 %mac. Si—0,7 %mac. Fe, otpumaHni B Cu— Ko BUnpomi-
HIOBaHHiI: @ — BUXigHWUI crnaB, Voxon = 2 °C/c; 6, B — nicnsi 06po6ieHHs po3nnaBy eNekTPUYHUM
CTPpYMOM; 6 — Voyon =2 °C/c; B — Voxon = 0,7 °C/c
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Ta6nuua 5
Bnnue o6po6ku po3nnaBy OAHOMNOASPHUM iIMMYJ/IbCHM €J1IeKTPUYHUM CTPYMOM
Ha ¢da3osuii cknapg cnnasy Al-8mac.%Si-0,7mac.%Fe

+Ma3zoBwnii ckaazg

Ala| Si | B-FeSiAL (B) | FeAl, | a-Fe2SiAl,(a)

3pasku

Buxignuii crias + + +

ITicsist 06pobIEHHS PO3ILIABY €JIeK-
TpUYHUM cTPYMOM, Voxon = 2 °C/c

ITicist 06pOBIEHHS PO3ILIABY €JIeK-
TpudHUM CTpyMOM Voxon = 7 °C/c

* MpumiTka: HasiBHICTb dasu B Cnnagi «+», BIACYTHICTb da3u «—»

Otxe, B cnnasi Al-8%mac.Si-0,7%mac.Fe 3a HEPIBHOBaXHMX YMOB KpuUCTanidauii,
06yMOBJIEHUX 0BPOBNEHHAM PO3NAaBY 3NEKTPUYHUM CTPYMOM, hOopMYytoTbCA dasu FeAl,
(36% Fe) i a-Fe,SiAl, (33 % Fe) 3 GinbLu BUCOKMM BMICTOM 3aida B MOPiBHAHHI 3 iHTEpMe-
Taninom B-FeSiAl, (25 % Fe) [3]. Y piBHOBaXXHOMY CTaHi yTBOPEHHS Takux iHTepmeTaniais
XapakTepHO AN LOEBTEKTUYHOIO ajlloMiHIEBO-KPEMHIEBOIO CMaBy 3i 3HA4YHO MEHLLIOK
KOHLEHTpaLjie KpeMHito (MyHkTMpHa niHia 11 Ha giarpami). To6To, cnocTepiraeTbes
ABMLLLE, aHasIorYHe nepeHeceHH0 GirypaTtruBHOI TOYKM, LLLO BU3HAYAE CKaL, CrniaBy Ha
niarpami piBHOBaXXHOr0 CTaHy, 3 NosioxxeHHsa I B nonoxeHHs 11 (gmBe. puc. 5), Wwo piBHO-
3HAYHO NEePEMILLEHHIO eBTEKTUYHOI TOYKM Ha Ajarpami PiBHOBaXHOrO CTaHy B 00n1acTb
OiNbLU BUCOKUX KOHLLEHTPALLi KPEMHIIO.

Taknm YNHOM, 3anNpPOMNOHOBAaHUI MEeTOoA, rapTiBHO-MIKPOCTPYKTYPHOro aHanisy [21]
[03BOJSISIE AOCNIOXKyBaTU XapakTep ¢a30BuX NeEPEeTBOPEHb, MOPdONOrito a3 Ha eTanax
KpucTanisauii antoMiHieBMX CMJIaBiB i BinoOpaxae peasnbHy NOCNiL0OBHICTL NPOLLECY TBEPA-
HEHHs1 He3aneXxHOo Bif, CTyNeHs1 MeTacTabifNlbHOCTi CUCTEMU, Y TOMY YUCHT NPU Di3UYHMX
nigx Ha po3nnaB. EpeKkTnBHICTbL MeToay «CTOM-rapTyBaHHS» 3ab6e3nevyeTbCs peanisawieto
[OCUTb BUCOKMX LUBUOKOCTEN OXONOMXKEHHS, SKi 32 eKCnepMeHTalbHO BCTAHOBIEHMMU B
pOoOOTI AaHMMM 3HAXOAATLCA B iHTepBani (1,8-3,7) x 10%°C/c, wo npurHiyye abo 3aHa41mo
obmexye andysiriHniA Nepepo3noin eIeMeHTIB Y NPOLLECI OXOJIOAXKEHHS,
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INVESTIGATION OF PHASE TRANSFORMATIONS DURING CRYSTALLIZATION
OF ALUMINUM ALLOYS BY HARDENING-MICROSTRUCTURAL ANALYSIS

The study of the mechanism of phase transformations during the formation of the structure of metals
and alloys is a promising direction for improving the known and developing new materials. This makes
it necessary to expand the methodological and experimental capabilities of their research. Widely
used methods of metallographic analysis provide information on the structural features of alloys.
At the same time, to determine the mechanism of phase formation by the microstructure of fully
hardened samples is very problematic. The main tools for analyzing and predicting the structure
when the temperature and composition of the alloys change are phase equilibrium diagrams.
However, they cannot be applicable to the description of the kinetics of phase transitions. The work
considers the methodological features of the developed quenching-microstructural analysis method,
which allows one to study the stages and nature of phase transformations during crystallization,
regardless of the degree of system metastability. It is based on high-speed hardening from phase
transition temperatures determined by the DTA method. For the first time it was experimentally
established that cooling rates corresponding to (1.8 — 3.7) x 103 °C / s, which are realized using
the “stop-hardening” method, suppress or significantly limit the diffusion redistribution of elements
during cooling. This allows you to effectively use the proposed analysis method to study the features
of phase transformations during crystallization due to changes in the chemical composition, the
influence of various external factors, in particular, the processing of the melt by electric current.

Keywords: aluminum-silicon alloys, crystallization, phase transformations, quenching, cooling rate.
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