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OBIIAS XAPAKTEPUCTUKA PABOTHBI

AKTYAJIBHOCTDb PABOTBDBI. CoBpeMeHHBIE AOCTHKEHUS TEOPUU JINTEWHBIX
IIPOLIECCOB M MX peaau3alus B CUCTEMAaX KOMIIBIOTEPHOTO MOJEINPOBAHUS NPENO-
CTaBJIAIOT IIUPOKUE BO3MOYKHOCTH JUISI PELICHUS TEXHOJOTHYECKUX 3a7ad U yNpaB-
JIEHUSI TEXHOJIOTUYECKUMH MTAPaMETPAMM.

OcHoBHbIE TIPOOJIEMBI, pellaeMble MPU MOJEIUPOBAHUU JIUTEHHOM TEXHOJIO-
UM, BKIIIOYAIOT 1EJIbI HAOOp CHOXKHBIX M KOMIUIEKCHBIX 3aJlad, U3 KOTOPBIX B
HACTOSIIIIEE BPEMSI BECbMa aKTyaJbHOM SIBISETCS OCYILIECTBIECHUE 0a30BOM aJanTalyu
MOJCIMPYIOIIMX CUCTEM K YCIIOBUSAM IPOU3BOJACTBA U CYILECTBEHHOE YIIy4ILICHHE
aJICKBATHOCTU HCIIOIb3YEMBIX MOJIETEH, alrOPUTMOB U MH(QOPMALIMOHHOrO obecte-
YEHUS.

[Tonyyenue 3HayeHUN HEOOXOIMMBIX MapaMeTpoB (KOd(DPUIMEHTHI pacnpee-
JIEHUs1, TEMII BblI€JIEHUsI TBEpAOoH (a3bl, KO3IPPUIUEHTH 00BEMHOM YyCaIKU U T.A.) U3
DKCIIEPUMEHTAIBHBIX JAHHBIX YacCTO SBJIIETCS CJIIOKHOM 3anadyen. [Ioaromy coBmecT-
HO C DKCIIEPUMEHTOM IMPUMEHSETCS TEOPETUYECKUIN aHAIU3 JUTEHHBIX MPOLECCOB, B
TOM YHUCJE C IPUBJICYEHUEM BO3MOXKHOCTEH KOMIBIOTEPHOTO MOJEIUPOBAHUS U CHU-
CTeM aBTOMaTu3upoBaHHOTO npoekTrpoBanus (CAIIP).

B paboTe paccMoTpeH Kpyr B3aMMOCBS3aHHBIX 3aj/1a4, JIEKAIIUX B OCHOBE
MHGOPMAIIMOHHOTO O0ECIeYeHUs] MOICTUPOBaHUS TUTEHHOM TexHomoruu. [Ipose-
JICHHBIN aHaIU3 MyOJUKalUi CBUIETEIbCTBYET, UTO CYIIECTBYIOIINE YHCICHHBIE MO-
JI€IM HE YYHUTHIBAIOT NIOBEJECHNE KOMIIOHEHTOB CILIaBa IIPU 3aTBEPICBAHUU, TIOITOMY
TpeOyeTcs MX JOMOJIHEHHWE TEePMOJMHAMHUYECKUM aIlapaToM, MO3BOJIAIOIIUM IpH-
HSATHh BO BHUMaHUE IepepacnpeieieHue KOMIIOHEHTOB MeXAy (azaMH, a TakkKe U3-
MEHEHHUE COCTaBa, KOJIMYECTBA U COOTHOIICHHSI BBLACIAIOIMIMXCA (a3 IpH U3MEHEHHUH
TEMIIEPATYPhI B IIPOLIECCE PABHOBECHOW M HEPABHOBECHOW KPUCTAIIU3ALMUU AJIS 110-
JTy4YeHUs aJIeKBaTHOTO OMKCAaHU Mpolecca POpMUPOBAHUS OTIUBKHU.

IIpuBiieyeHne annapara TEPMOJUHAMUYECKOTO MOJEIUPOBAHUS I PELICHUS
MOCTABJICHHOW 3a7]a4M MO3BOJISIET OCYIIECTBUTH MOMOJIHEHHE UH(POPMAIIMOHHON Oa-

3bl JaHHBIX 1M BBIYHMCIINTD IHPIpOKI/Iﬁ CIICKTP XapaKTCPUCTHK JINTEHHBIX CIIJIaBOB (TCH-
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JIOBBIX, KPUCTAJUIM3AIIMOHHBIX, JTUKBAIIMOHHBIX, YCAJAOUHBIX U JIp.) B 3aBUCUMOCTH OT
UX COCTaBa U TEMIEPATypHI.
HEJIb PABOTBI — pa3paboTka Ha OCHOBE TEPMOJUHAMUYECKOIO MOJEIUPOBAHUS
MHOTOKOMITOHEHTHBIX JIMTEHHBIX CIUIaBOB cUCTeMbl Al-Si—-Mg uHbopMaImoHHOro
ob6ecnieueHus aisg CAIIP nuteitHol TEXHOJIOTHUH C LIENbI0 U3YYEHUS MPoLeccoB (hop-
MUPOBaHUS OTJIUBKH, a TAKXKE 1 MOJEIMPOBAHUSA TEIJIOBBIX, YCATOYHBIX W JIp.
IIPOLIECCOB.
HAYYHASA HOBU3HA. B pabote onucan KOMIUIEKC MOJIeNEeH 1Ji1 TEPMOANHAMU-
YECKOTO MOJIETMPOBAHUSI MHOTOKOMITIOHEHTHBIX CIUIaBOB cucteMbl Al-Si—Mg, mos-
BOJISIFOIIMM M3y4aTh 3aKOHOMEPHOCTH MPOLIECCOB (HOPMUPOBAHUS OTJIIMBKH C IEJBIO
AKTUBHOI'O CHCTEMHOTO aHajiu3a B3aUMOCBS3U KOH(PUTypalluu OTJIMBKHU, MapaMeT-
POB TEXHOJIOTUHU U PAa3BUTHUS JTUTEHHBIX JePEKTOB:
— HCCIIEJIOBaHbl TEOMETPUSl U MapaMeTphbl IUarpaMM COCTOSIHUSI cuctembl Al-Si—-Mg
(HaKJIOH TMOBEPXHOCTH JIMKBUIYCa, KOIPPUIMEHTH pachpeie]ieHUs KOMIIOHEHTOB
Mexay (azamu, HHTEpBaJI 3aTBEPACBaHUS CIUIaBa U JIp.);
— BBISIBJICHBI 3aKOHOMEPHOCTHU MPOIECCOB KPUCTAJUIU3AIINY CIIIIaBOB CUCTEMBI Al—Si—
Mg, u3y4eHo BIIMSHHE KOMIIOHEHTOB CIUIaBa Ha COOTHOIIEHHE KoiuuecTBa ¢a3 u
TEMIT X BBIJICJICHUS B PABHOBECHBIX U HEPABHOBECHBIX YCIIOBUSX;
— OIpeIeNieHbl OCHOBHBIE TEIIO(PU3NYECKUE XaPAKTEPUCTUKH CIIJIABOB CUCTEMBbI Al—
Si-Mg B 3aBHUCHUMOCTHU OT TOJIO)KEHMsI Ha JUarpaMMe COCTOSHUSI M COJIepiKaHUs
Han0oJiee BaXKHBIX KOMIIOHEHTOB B CILIABE;
— BBISIBJICHA B3aMMOCBSI3b 00BEMHOM YCaJKi MHOTOKOMITOHEHTHBIX CIJIABOB CHCTEMBbI
Al-Si-Mg u ux (a3oBoro cocrasa.
IMPAKTHUYECKASA 3HAUYNMOCTD. B pe3yrnbrare BHIIOIHEHUS paOOTHI:
— pa3paboTaHa KOMIbIOTEpHasi 0a3a JaHHBIX MO TEPMOAMHAMUYECKUM XapaKTepu-
CTUKaM JIMTEHHBIX CIUIABOB HA OCHOBE cUCTeMBbI Al-Si—-Mg, ncmnonbs3yemas B makere
CAIIP «POLYCAST» nna uHpopMaimoHHOTO oOecredeHuss MOICITUPOBAHUS JIH-
TEUHBIX MPOLIECCOB;

— HaKOIUJIEH  OPUTUHANBHBIA  HAa0Op JMaHHBIX 10  (PUUKO-XUMHUYECKUM

XApaKTCPUCTHUKAM MHOT'OKOMITIOHCHTHBIX JIMTEHHBIX CIJIaBOB CUCTEMBI Al—Sl—Mg,
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ompesiesieHa 3aBHUCUMOCTh (PU3HKO-XUMUYECKUX XAPAKTEPUCTHK OT TEMIEPATyphl U
COJIep>KaHMsl KOMIIOHEHTOB B CILJIaBaX, B CBSI3M C 4YeM OO0ECIEUEHO CYIIECTBEHHOE
YTOUHEHUE PACUETOB, KOPPEKTHO OTOOpa)karolmuX OCOOEHHOCTH MOBEJICHUS
INPOMBIIICHHBIX ~ CIUIAaBOB  MpU  (POPMUPOBAHUM OTIUBOK B YCIOBHSIX, MAaKCH-
MaJIbHO IPUOJIMIKEHHBIX K PEaJIbHBIM;

— pa3paboTaHa METOJMKA KOMITBIOTEPHOTO aHaIK3a Mpollecca MpOTeKaHus 00beM-
HOM ycaJKu Mpu MHOTO(ha3HON KPUCTAITU3ALUN CIUIaBOB.
OCHOBHBIE TOJIOKEHU S, BBIHOCUMBIE HA 3AIIATY:
1. TepmoaguHaMHUYeCcKass MOJICIb JIMTEHHBIX CIUIABOB cHCTeMbl Al-Si—Mg, naromias
KOJIMYECTBEHHOE omnucaHue (Ha3oBbIX MPEBPAILCHUN U MO3BOJISIONIAS BBISIBUTH OC-
HOBHBIE 3aKOHOMEPHOCTH KPUCTAJUIU3ALIUY JTUTEUHBIX CIIAaBOB 3TOM CHUCTEMbI B PaBHO-
BECHBIX U HEPABHOBECHBIX YCIOBUSIX, ITOyYUTh MHOTOOOPa3HYI0 HHPOPMALIMIO 00 uX
(UBUKO-XUMUYECKUX XapaKTEPUCTUKAX, 3aBUCSIINX OT TEMIEPATYPhl U UCXOJIHOTO
cocTaBa (BEIMYMHY TEMIEPATYPHOIO0 U KOHILIEHTPAIMOHHOTO UHTEpBaja 3aTBEPICBa-
HUS, XOJ U TEMIT KpUCTAJUTH3alMU, KO3 OUIIMEHTBI paclpeeieH!s] KOMIIOHEHTOB U
T.J1).
2. TemniepaTypHble U KOHLIEHTPAIIMOHHBIE 3aBUCUMOCTH TEIIO(PHU3MUECKUX XapaKTepH-
CTHK JINTEHHBIX CIUIAaBOB CUCTEMbI Al-Si—-Mg (SHTaNIbNU, TEIJIOEMKOCTb, TEMIT BbIJIC-
JIEHUS] U BEJMYMHA TEIUIOThl KPUCTAUIM3ALMKA) U UX B3aUMOCBS3b C IOJIOKEHHEM Ha
JUarpaMMe COCTOSIHHSI U XOOM KpUCTAJLTU3alliu.
3. 3aKOHOMEpPHOCTH U3MEHEHUN 00bEMHOI yCaJKH MPU MHOTO(hA3HON KpHUCTaIN3a-
IIUW JTUTEHHBIX CIJIABOB CUCTEMBI Al-Si—Mg 1 uX B3aMOCBsI3b ¢ (Pa30BBIM COCTABOM
CILJIaBa.
IYBJIMKALHMMUN. ITo MmaTepuanam quccepTalyy OIyOJMKOBaHO IIECTh cTarel. Mare-
pHUalbl AUCCEPTAUM JOKIIAJABIBAINCH HA TPEX MEKBY30BCKUX HAYYHBIX KOH(PEPEHIUIX
CIIOI'TY  (Cankr-IlerepOypr, 1999r.—2001r.), nByx Bcepoccuiickux Hay4dHO-
INPAKTUYECKUX ceMuHapax «JIureliHoe mnpou3BOACTBO ceroaHs u 3aBTpa» (CaHKT-
[TerepOypr, 2001r.—2002r.).
CTPYKTYPA U OB BEM PABOTDI. /luccepranimonHasi paboTa COCTOUT U3 BBE/IE-

HUsA, IICCTH I'JIaB, 3dKIIFOUCHUS, CIIMCKA JIMTCPATYPhI U HpPIHO}I(eHI/Iﬁ. MaTepI/IaJILI pa60-
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TBI M37I0’KEHBI Ha 120 cTpaHUIaX MAITUHOIIMCHOTO TEKCTA, CoAepkKaT 26 TabJIHII, WILTIO-
CTpupoBaHbl 52 pucyHKaMu. CIIMCOK JINTEPATYPHI COAEPKUT 112 HauMeHOBaHMIA.
OCHOBHOE COJEPXAHUE PABOTBI.

Bo BBeacHMH PACKpPbITAa aKTYaJIbHOCTH TCMBbI ILI/ICCGPTaHI/IOHHOﬁ pa6OTLI, Impea-

CTaBJICHbI Hay4YHas HOBHU3HA, ITPAKTUYCCKAasd 3HAUYUMOCTDb pa6OTBI U ITIOJIOKCHUSA, BBI-
HOCHMBIC Ha 3alIUTY.

B niepBoii riase IMPOBCIACH aHAJIN3 IPCACTABJICHHBIX B JIMTCPATYPC AAHHBIX I10

CBOMCTBaM PacCMaTPUBAEMbIX CIUIABOB, HEOOXOAMMBIM JUIsI KOMIBIOTEPHBIX pacye-
TOB, 4 TAK)KE HMMEIOIINUXCA IPEICTABICHUN O CTPOEHUM PACIUIaBOB, €TO CBSI3U C BUIAOM
JMarpaMMbl COCTOSIHUSL M TEPMOJMHAMUUYECKUMU XapakreprucTtukamu. Ha ocHoBe snte-
paTypHBIX JaHHBIX ITOKA3aHO, YTO HAIMYHME JOCTOBEPHOW MH(OpMALIU O TEPMOAUHAMM-
YECKUX CBOMCTBAX PacCIlIaBOB MO3BOJISIET pa3padaThiBaTh MOJIEIH JUIs MPEICKA3aHUsI psijia
CBOMCTB KMJIKOCTH (M3MEHEHHE 00beMa MpyU 00pa30BaHUM CIUIaBa, MJIOTHOCTh pacriiaBa
U JIp.). YCTaHOBJIEHO, YTO JUIS ITOJYYEHUS pe3yJIbTaTOB MOJIEINPOBAHMS, aJIEKBaTHBIX pe-
TbHBIM YCIIOBUSIM (DOPMHUPOBAHUS OTIMBKH HEOOXOAUMO JIOTIOIHEHUE TEPMOTUHAMUYE-
CKHMM aIlraparoM HMEIImMXcs Moenen, nueroinbs3yemsix B CAIIP nureliHol TeXHOIOTUH.

Bonbias yacTe ri1aBbl NOCBAILIEHA UMEIOIIMMCS B HACTOSIIIEE BPEMS OCHOBHBIM
npo0iemMam, pelaeMbiM IpU MOJAECIUPOBAHUHU JTUTEHHON TEXHOJOTUU: UMEIOIIUMCS
(U3MKO-XUMUYECKUM MOJEISM, KOTOpPbIE  HCIOJIB3YIOTCS I MPEICTaBICHUS
CJIOKHOTO KOMIJIEKCa MHOTOYPOBHEBBIX MPOIIECCOB (POPMUPOBAHUS OTIIMBKHU; PEaTH-
3yE€MBIM B PA3JINYHBIX KOMIIBIOTEPHBIX CUCTEMAX PA3HOBUIHOCTAM MATEMATHYECKOTO
anmapara g (GOpMHUPOBAHUS MATEMATHYECKUX MOJENEH JTUTECHHOW TEXHOJOTHUU;
COCTOSIHUIO HH(OPMALIMOHHOTO 00ECIICUCHHS MOJICIICH.

B 3akitountenbHOM YacTu 1i1aBbl POPMYIUPYETCS MOCTAHOBKA 3a]aUU.

Bropas rinaBa nocssiieHa IMOCTPOCHHNIO Ha OCHOBC XapPAKTCPUCTUK pPiAOa HBOﬁ-

HBIX CUCTEM TEPMOAMHAMUYECKON MO/IeIM MHOIOKOMIIOHEHTHBIX cIuiaBoB Al-Si-Mg,
UCIIOJIB3YEMOW IS YMCIEHHOTO aHA/IM3a TEMIEPaTypPHO-KOHLIEHTPALMOHHBIX YCIIO-
BUM (ha30BBIX PABHOBECHI IMPU BBIJICJICHUU OCHOBHBIX (pa3, a Takke cuctembl Al-Si-

Fe IJI1 aHaJIn3a IMOBCACHUA ITPUMCCH JKCIIC3a.
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Tepmoaunamuyeckas MOJENb JUTEHHOTO cCIjlaBa 0a3upyeTcsi Ha ONUCAaHUU C
MIOMOIIIEI0 MOJIENN CYOpPEeryJsIpHOTO PAacTBOpa COBOKYIMHOCTH ONTHMHU3UPOBAHHBIX
AKCIIEPUMEHTAIBHBIX JaHHBIX O 3aBUCMMOCTHU MOJbHOU 3Hepruu ['mbdca G* ¢aszbl ¢

OT TeMIICPATyphl ¥ COCTAaBa BLIPAXKCHUEM CJICYIOIIECTO BH/IA:
o) £ o ¢ id P ex @ (1)
GP=2x"Gi+ "G +"G">
i=1
A€ X; - aTOMHas A0Jis1 KOMIIOHCHTA I B CIIJIaBE, K- gucno KOMHOHGHTOB;OG? - OHCPrus

'm66ca 9MCTOro KOMIIOHEHTA | B MomupHKamuu @, “G®- uneansHas KOMIIOHEHTA SHEp-
ruu cMmenieHust, “G® - u3dpiTouHas sHeprusa ['m606ca, yuuThIBaroas B3auMOICUCTBUE
MEXJy KOMIIOHEHTaMM CIUIaBa nojJuHoMoMm Pemmxa-Kucrepa-Myrruany, W3MEHsIO-
MM BUJ] B 3aBUCUMOCTH OT IPUPOIBI OMTUCHIBAEMOM (ha3bl.

[Ipu ananuze MHOrO()a3HOTO paBHOBECHS NMPUHUMAIIH, YTO BO BCeX (ha3ax rere-
POT€HHOM MHOTOKOMIIOHEHTHOM CHUCTEMBI TEMIIEpaTypa U aBJICHUE OJIMHAKOBBI U XU-
MUYECKHE MOTEHIHAIBI [1;? Ka)KJ0ro KOMIIOHEHTA i BO Bcex @ (azax paBHBI

W= ==l (2)

XHUMHYECKHE MMOTCHOUAJIbI YUCJICHHO PACCYUTBIBAJIM HA OCHOBC COOTHOIICHUM

(oG) ... .
uf—ﬂ_‘/ipTV"Jil’ (122,3,...,K), (3)

rJie V; — 4YMCJIO MOJICH.
C ucrnonp3oBaHUEM JAHHON TEPMOJMHAMHYECKOM MOJENN OMMCAaHO PaBHOBE-
CUe HECKOJIbKUX TBepAbiX (a3 (a—Al, f-Si, Mg>Si) ¢ xuakocteo. B ciiyyae paBHo-

Becus ['TIK-TBepioro pactBopa (o) u xuakoctu (/) B cucreme Al-Si-Mg:

My = ,Uiu;
/u;‘ = /Jéi; (4)
ﬂ[i[g = /“llll/lg

B paborte uccienoBaHo BiHMsSHUE OCHOBHBIX KOMHOHEHTOB (Si u Mg) Ha Bax-
HBIC TTapaMeTPhl JUArPAMMBbI COCTOSIHUSI — KPUTUYECKUAE TEMIIEPaTyPhl, 3HAYCHUS KO-
adduirenTa ux pacnpeaenacHus Mexay (aszamu (puc.l) m yribl HakiioHA (a30BBIX
TPaHUII, TPUMEHSIEMbIC TIPU MOJCIMPOBAHUHU TETUIOBBIX U YCAIOYHBIX IPOIIECCOB,

pacdeTe TemIia BbiJeieHus TBepaor (assl (TI1. 4-6).



B pabore mnpowusBeneH pacyer

K, T (parMeHTOB OBEPXHOCTH JIMKBHUAYCA
(4

0,141 TPEXKOMIIOHEHTHBIX cucteM Al-Si—
Mg, Al-Si—Fe u nokazaHo ux Koimde-

10% Si
: CTBCHHOC COOTBCTCTBHC HAJACKHBIM

OKCIICPUMCHTAJIbHBIM [TdHHBIM I10 3TUM
CHUCTCMaM. HOCTpOCHI/IG PACUCTHBIX

0,12-
’ UAS JMiarpaMM  COCTOSTHHSL TIO3BOJIMIIO HIC-
0.0 0.2 0.4 6;6 0.8 1,0 CIIe/IOBaTh 3aKOHOMEPHOCTH  BIIMSTHUSI
Fons Teepaoi ¢pasb f KOMITOHEHTOB CIUIAaBOB cucteM Al-Si—

Puc.1. U3menenune kosdduipienta pacmnpeaese- Mg u Al-Si—Fe Ha reomerpuio u napa-

HUSI KPEMHHUSI MEXIy TBEpIoW (a3oi W KUAKO- METpBI IMarpaMM, a TAKKe OLIEHNTh KOp-
CTBIO B MPOIECCE KPUCTATUTH3ALUU CIIJIaBOB Al—

. PEKTHOCTE W TOYHOCTH IPUMEHSIEMBIX
Si—1% Mg.

TEPMOJMHAMUYECKUX MapaMETPOB MO/Ie-

JIe. AJITOPUTM MpOorpamMMbl B ero peanusaius Ha s3pike Object Pascal ocymectsiie-
Hbl K. /[.CaBenbeBbIM.

Tperbsi 1aBa MOCBSIIEHA SKCIEPUMEHTAILHOMY MCCIECIOBAHUIO IIpolecca

dopMupoBaHusa OTIAUBKU. s MccrneqoBaHUs B3aMMOCBSA3M TEIUIOBBIX IMPOLIECCOB
IIPU  3aTBEPACBAHUM OTJIUBKH, CTPYKTYpPBI CILIABA U IIOPUCTOCTH JIUTOIO METaJlIa
UCIOJIb30BAIM METOAUKY HEMUTAEMOM OTJIMBKU. [ 9KCIIepuMeHTOB ObLIa BhIOpaHa
IUIOCKasl MPSAMOYTOJIbHASL OTIMBKA C HWIMHAPUYIECKON MpuObLIbI0. BriGop xkoHUTY-
palny OTJIMBKHU IO3BOJIMI UCCIEA0BATh PACIIPEIEICHUE TEMIIEPATYPHBIX IIOJIEH B OT-
JMBKE B 3aBUCUMOCTH OT YAQJIEHHOCTU OT NPUOBUIA U BBISIBUTH 30HY TOPLIEBOTO (-
(eKTa, yCTAHOBUTH pacHpele]eHUEe CTPYKTYPbl U MOPUCTOCTH B 3aBUCUMOCTH OT
YCIIOBHH TEIJIOOTBOJA.

C nmoMOIIBI0 KOMIBIOTEPHOTO TEPMHUYECKOIO AHAIN3Aa MCCIEAOBAIM IIPOLIECC
3aTBEpACBaHUS U OXJIAXKJICHUS OTIIMBKU. B KauecTBe uccienyemMoro marepuana ObLl
BbIOpaH cmiaB AK7 - ouH U3 Haubosee Ba)KHBIX JINTEHHBIX CILUIABOB AJIFOMHUHMUS C
XOpOLIMM JIMTEHHBIMA CBOMCTBAMM M BBICOKOM KOPPO3MOHHOM CTOMKOCTBIO. B pe-
3yJIbTaTe€ IIPOBEIAEHHBIX JKCIIEPUMEHTOB OIPEACIICHBI PEAIbHBIE TEMIIEPATYPhI JIMK-
BUJyCa, COJMUAYCa, TEMIIEpaTypbl Hayajla 00pa3oBaHUsl JBOMHON IBTEKTHKHU, UHTEP-

BaJI 3aTBCPACBAHUA W PACHPCACIICHUC IMOPHUCTOCTU IO CCUHCHUIO OTJIIMBKH, KOTOPBIC
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MO3BOJISIIOT NMPOBOJUTH CUCTEMHBIN aHaIN3 B3aMMOCBSA3M KOH(PUTYpaLUU OTIUBKHU U
Pa3BUTHS JINTEUHBIX J1€(DEKTOB.
OneHka CTpyKTypbl IPOU3BENECHA C UCIIOIb30BAHUEM KOMIIBIOTEPHON CUCTEMBI

aHanu3a n3oopaxenuit VideoTest 4.0.

5

24 — . st TorO, 4TOOBI YYE€CTh BCE BUIBI

0

g3 * - op, UMEKIIMXCS B Marepuale (TpaH-

62

51 3utHyt0 ET, cooOmaroirytocs ¢ moBepx-
oty g u nu

HOCTBIO U MEXIy COOOM, U MOPUCTOCTD

o

50 100 150 200 250
PaccTosiHue oT npubbinu, Mm HN30JIMPOBAHHYIO EHT — HeTpaH3HTHYIO),

Puc.2. Pacnipenenenue Tpausutaoii Er u ne- ~ OTIPCACTICHUC INIOTHOCTH HMPOBEACHO IO
TPaH3UTHOU EHT MOPUCTOCTH 1O IJIMHE OTJIMBKHU. YCOBEPIIEHCTBOBAHHON METOAUKE I'UJ-
pOCTaTUYECKOr0 B3BELIMBaHUA. B pe-
3yJIbTATE UCCIEAOBAHUS YCTAHOBJIECHO, YTO TPAH3UTHAsA IIOPUCTOCTH COCTABIACT HE-
3HAUUTEIBHYIO JOJI0 OT 00Imero oobema Mop, T.€. ra3oycajodyHasi MOPUCTOCTh B
crutaBe AK7 nipesicraBiieHa B OCHOBHOM M30JIMPOBAHHBIMU MOpaMu, (puc.2).
[Tomy4yeHHBIE 3KCIIEPUMEHTAIBHBIE JAHHBIE COIOCTABJIEHBI C PE3yJIbTaTaMu
YUCJIICHHOTO pacyeTa 3aTBep/AeBaHusl U 00pa30BaHMs YCAJOUHBIX IyCTOT B OINBITHOM
omimBke. C momoupto nporpamMmmuoro komiiekca «POLYCAST», kotopeiii mo3Bo-
JI€T MPOBOJAUTH KOMITBIOTEPHOE MOJEIUPOBAHUE Psifia JUTEUHBIX MPOLECCOB, MOTY-
YEHO paclpesiesieHue TEMIIEPATYPHBIX IIOJIEH U IOPUCTOCTU B OTJIMBKE. Pe3ynbraTsl
pacdeTa, IMOJIYYECHHBIE HAa OCHOBE TEPMOIAUMHAMHYECKOTO MOJCIMPOBAHUS IIpOliecca
BBIJICJICHUS TBEPAOH (Pa3bl U COOTBETCTBYIONIUX 3HAUYECHUN TETUIO(QU3UUECKUX XapaK-
TEPUCTHUK CIUIaBa, COIJIACYIOTCI C DKCHEPUMEHTAIBHBIMU TEPMUYECCKUMHU KPHUBBIMU

3aTBCPJACBAHUA U OCThIBAHHA OIIBITHBIX OTJIMBOK.

B detBepTOM Ij1aBe onucaHa MCTOAMWKA U IIPOU3BCACH dHAJIN3 KPUCTAJJIN3AIIUN

CIUTaBOB M3y4yaeMoil cucteMbl Al-Si—-Mg B paBHOBECHBIX U HEPABHOBECHBIX (IO MO-
nenn Ileitnst) yenmoBusix. Ilpu KpucTamnu3anuy B paBHOBECHBIX YCIOBHSX KOMIIO-
HEHTHI CIUIaBa HCXOJIHOIO cocTaBa (x°2; x°3) paclpenensioTcs Ha pas3HbIX 3Tamax

KPUCTAITU3AIUN MEXTy ABYMs Ui TpeMs pazamu (I, ¢1 1 ¢2):
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=S xS
X=X XX (5)

£

IJIe x¢ — aToMHas JI0JIs KOMIIOHEHTA i B BhIIIETSTIOLLEHCS (haze ¢; f®— aroMHast 10515 (pasbl .

Ha ocHoBe TepMOAMHAMUYECKOTO pacyeTa cocTaBa a3 ¢ U (2 IPH 33J]aHHOM

COCTaBE XKHUIKOCTH /[ IyTeM pEeIIeHUs CUCTEMBI (5) ompeaensiu nonu ¢as, BbIIEIsIo-

IIMXCS MPU U3MEHEHUH TeMIeparypsl. lIpy nomymeHuu O IMOJHOM IOJABJICHUH

auddy3uu B TBepAOil ¢a3ze U MOJHOM MPOTEKAHWM €€ B KUAKOCTU (MOIENb HOP-

MaJIbHOM HepaBHOBGCHOfI KpI/ICTaJIJII/ISaIII/II/I) HN3MCHCHHUC COCTaBa pacCiljiaBa IIPU BbI-

JICJICHUH OJIHOM WUJTU JBYX TBEpAbIX (a3 @1 U @2 coctaBa *x;* (B 3aBUCUMOCTH OT 3Ta-

Ima KpI/ICTaJ'IJ'II/I3aLII/II/I) MMPOUCXOJUT B COOTBCTCTBUHU C BLIPAKCHHUAMU

b= Gl 0™ G- g |1
dx3 = [(xé— *xg)l)df(Pl +(x5— *x?z)df(pz}/fl-

N
o
T

RN
(@]
T

Copnepxarue Si, %
®

N

o

2 4 6 8
Copepxanue Mg, %

Puc.3 Jluauu TanpBeroB JBOMHOMN 3BTEKTUKHU U Iy~

TH KPUCTAJTIU3allUHU UCCIICIOBAHHBIX CIIJIABOB

cucrembl Al-Si—Meg.

(6)

Ha ocHoBe TepMoauHamu-
yeckoil moxenu cuctembl Al-Si—
Mg u paccuuTaHHOM TIE€OMETPUU
MOBEPXHOCTH JIMKBUAYCAa MpPOBE-
JIEH aHaIu3 XOJa pPABHOBECHOU
KpUCTAIIN3aUU XapaKTEepPHBIX
CIUIaBOB i1 OLIGHKW  BIIUSIHUS
KpeMHHSl U Maraus ( B mpejaenax 6
-8% Siu0,2-5,5% Mg,) Ha ko-

JIMYCCTBO N COCTAB BBIACIAIOIINMNX-

cs (as.

YcTaHoB€HO, 4TO BbIOpaHHbIE ISl aHayiu3a ciiaBbl Al-Si—-Mg, kpucramiu-

3YyIOIHECsa C BLIACIICHUEM & — PAaCTBOpa M 3BTCKTHKH, 110 0COOCHHOCTSIM UX PaBHO-

BECHOM KpUCTAJUIM3alMK U TIOJy4aeMoro B pe3yibTaTe ()a30BOr0 COCTaBa MOKHO

pa3nenuTh Ha yeThipe rpynisl (puc.3): [ — craBbl, KOTOpbIE KPUCTAIUIU3YIOTCS C BbI-
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JIEJICHUEM Q—pacTBOpa U JABOIHOM 3BTeKkTHKHU e; (o +[3); Il — cruaBbl, KOTOpbBIE KpH-
CTAJIIM3YIOTCS C BBIACICHUEM Ol — PACTBOPA, IBOMHOM DBTEKTUKHU €; U TPOWHOM IB-
TekTUukH E; (a+p+MgSi); 11 — criaBbl, CTpYKTYpa KOTOPBIX COCTOUT U3 OL-pPacTBOpa
u TpohHOU »BTeKkTUKU E; (a+B+MgSi); IV — cmnaBsl, coxepxaiiue o-pacTBop,
JIBOMHYIO IBTEKTUKY €2 (ot MgxSi) 1 TpoliHyto 3BTeKTHKY E; (a+B+MgaSi).

Ha ocHoBe pacuera paBHOBECHOW KPUCTAJIU3AIMU KOJIUYECTBEHHO yCTAHOB-
JIEHBI 3Talbl BBIACICHHUS TBEPAOW (pa3bl U COOTHOLIEHUS JI0J€H CTPYKTYPHBIX CO-
CTaBIIAIONIUX TPU M3MEHEHHM cojep:kaHus MarHus. [loiyuyeHo ypaBHEHHE JIMHUW,
CBSA3BIBAIOLIEH KpUTHUYECKHE (TpaHUYHBIE) TOYKM HU3MEHEHHs (Pa30BOro cocraBa
JIBOMHOM ABTEKTUKH (e;<>e2), KoTopoe umeeT Bua Mg,*=0,5S1-0,425. DT1o xe coot-
HOILIEHUE OMUCHIBAET MHOXECTBO cIu1aBoB III rpynmbl, mpakTHYECKU HE CoAep KaluX
JNBOMHOW 3BTEKTUKHA. JTO YPAaBHEHHME IPEICTABICHO HA pUC.3 JMHHUEW 3, pa3rpaHu-
yuBaronieit crapbl [-11 u IV rpynm. Tlpun Mg<0,5S1-0,425 npoucxoaut BbIACICHUE

JIBOMHOM 3BTEKTUKH e; (0+f3), B IPOTUBHOM ciyyae — ez (o+Mg2Si).

m,
M%j"o?.l"'”h'e m Puc.4. W3MeHeHHE COOTHOLIECHHMS
-
0,51 i ; pa3sIuMYHBIX CTPYKTYPHBIX COCTaBIISIONINX
0,4- | : . Goe T -
I I IIT IV (o-Gpa3sl mg, OBOMHOM m)' M TPOUHOMN
0,3- - | ,
] m,q (e.) 117 BTEKTHKH) B 3aBUCUMOCTH OT COJEp-
0,2 ;v — A o
1 ! m 3(e2) J)KaHW MartHus nNpu paBHOBCCHOM KpHCTaI-
0,11 i .
T “m" (E1) au3auuu criaBos Al-7%Si-Mg.
3 :

o 1 2 3 4 5 6
Copnepxanue Mg, %

VYcranoBiiena rpaHuiia oOpa3oBaHUsS TPOMHON 3BTEKTHKUA B HUCCIEIOBAHHBIX

CIUTaBax, T.€. MOSBJICHHS B CTPYKTYpE CIiaBoB (pa3zbl Mg, Si:
Mg"*;= 0,987+ 0,005Si,

OpHEHTHPOBOYHO 3Ta TPaHMIA OTBeYaeT npu Si=6-8% koHuenrpauuun Mg’ ~1%,
BBISIBIIIEMOMY TOYKOW M3JioMa Ha puc.4 (0€30THOCHUTEIBHO K COMEPKAHHIO KPEeM-
Hust). Kpucrammmzamnus cmiaBoB, cogepsxkanux 6onee 1 % Mg, 3aBepiraercst Bbijie-

JIEHUEM TPONUHOM ABTEKTUKH (puc.4).
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[Ipy  CcpaBHUTENBPHOM  aHaU3€

% 08! E1/ 7-5%51,0457g PaBHOBECHOI'O M HEPABHOBECHOI'O X0Ja

a KPUCTAIM3ANUK (PUC.5) MOKA3aHO, YTO

ég 04l B T€X MCCJIEINOBAaHHBIX CIJIaBaX, KOTOPHIE

0 B PAaBHOBECHBIX YCJIOBHUSAX 3aBEPIIAIOT

E o] KpUCTAJUIU3AIUI0 00pa30BaHUEM JBOM-
0.0 560 600 640

B 2630003, N HOM 3BTEKTUKHU e;—(0+[3), B HEpaBHOBEC-

Puc.5. U3menenue konuuecTsa TBEpAOH Ga3bl  gprx yCIIOBHAX 00pasyeTcs TpoiiHas JB-
B TEMIIEpAaTypPHOM UHTEpBAJIC 3aTBEPICBAHUS

TIpY PaBHOBECHOM (ITyHKTHpP) M HepaBHOBec-  TeKTUKa Ei—(a+B+MgySi), koauuecTBo

HOM (CTUTOIIHAS JIMHKS) KPUCTAJTU3AIINH. 5

KOTOPOM pacTeT C MOBBILIEHUEM COJIEp-

XKaHUs KpeMHusl U Maraus. [Ipu HepaBHOBECHOUN KPUCTAIM3ALUKA U3MEHSETCS COOT-

HOIIIEHUE MEXIY KOJIMYECTBOM CTPYKTYPHBIX COCTABJISIOIIUX MPHU BBIACICHUU TBEP-

1o (hasbl, a TaKKe MPOUCXOIUT CMEIICHUE TEMIIEPATYPhI COJIUIyCa IO TEMIIEpaTyphl

BBIJICJICHUSI TPOMHOM ABTEKTUKHU C COOTBETCTBYIOIIMM M3MEHEHHEM TeMIIEpaTypHOTO

WHTEpBAJIa 3aTBEP/ICBAHUSI.

UccnenoBanne kpuctaunzanuu crsiaBoB cucteMmbl Al-Si—Fe nokaseiBaer, uto
npuMech keneza npu cojepxanuu MeHee 0,18% BbI3bIBaeT Beiieq 32 BBIICICHUEM
NEepPBUYHON o—(a3bl 00pa3oBaHUE TBOWHOUN IBTEKTHKHU (ot /), KpUCTAIIU3AIUS KO-
TOPOW MPOUCXOJUT C MOBBILICHUEM COJEPKaHUSA KEJNE3a B pACIUIABE U 3aKAHUYMBACT-
csl BblelIeHneM TpoitHoit aBTekTukH (¢ 0,36% Fe). [Ipu 60nee BbICOKOM coaep:kaHuu
Keye3a B ICXOJHOM ciiaBe (hopMupyercs ABOiHas 3BTeKTHKa cocTaBa (o+FeSiAls)
C 3aBepIleHWeM KpHCTaUM3anuu B TponHoi Touke (Al —87,5%, Fe-0,36%, Si—
12,2%).

[IaTas raaBa MoCBsIIEHA aHAJIU3Y TEIUIOBBIX XapaKTEPUCTUK MPOIECCOB, IPOUC-
XOJISIIINX B PA3IMYHBIX YCIOBUSAX KPUCTAILIM3AIMU CIIaBOB cuctembl Al-Si—-Mg. Hc-
CJIEI0BAHO BJIUSHHUE KPEMHHS M MArHusl Ha MOJIOKEHHE KPUTUYECKUX TEMIIEPATyp
CIUIABOB (TEMIEPATYp JIMKBHUJIYCAa U COJIMJYCA, BbIACICHUS IBOWHON U TPOMHOW 3B-

TEKTUKH), BEIMUYMHY TEMIIEPATypPHOr0 MHTEPBAIa U TEIUIOThl KPUCTAIIU3ALUN CILIa-

BOB (puc. 67, Tabi.1).
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DHTanbIUsg MHOTOKOMIIOHEHTHOTO CIUIaBa B Ipoliecce ero MHOrohasHou Kpu-
CTaJUTM3allMM CKJIQJbIBACTCSl M3 SHTAIBNUN (Da3 B CUCTEME Ha KaXJIOM OTACIHHOM

oTaric KpI/ICTaJ'IJ'II/ISaHI/II/I C yquOM I[OJ'ICfI (1)&13, BBIACIAOIINXCA U3 pacnnaBa:
& o & ol (7)
H= > fH*+|1-> f® |H"
=2 ¢=2
rae f® —aroMmHas 10Jisl BhIACIUBIIEHCS U3 paciuiaBa (a3el ¢; H® U H I' — sHTanpnus

TBEpAOH (a3zbl @ U KUIKOCTH [ COOT-

AT, K BEeTCTBeHHO; @ — obmiee yucio ¢a3 B
TOL i CHUCTEME Ha JAHHOM JTale KPHUCTaJLIH-
50 . .. “____-. e SI,%: e Tlo U3MECHECHUIO SHTAIBIINA

! \'\‘ :g
) Ff ""u\.\. L HAXOJUIM TEIUIOTY KPUCTAJUIU3ALNH
] o .8

o 1 2 3 4  5Mg% Q(T), BBIICISIONYIOCS PH U3MEHEHHH

TEMIIEpaTyphl CIUIaBa OT JIMKBUIyca 1i

Puc.6. 3aBucumocts AT 0T cO- 10 Temmepatypsl 7T

Jep>KaHUsl MarHUsl U KPEMHUS B CILIaBE. 0=AH =H(T,)-H(T) (8)
Q.p, a
KIDx/Kr it
480 | Puc.7. Dtansl BelIeI€HUS TEIIOTHI KPU-
Q’ (e, ) — T(E ) CTaJUIU3ALUU PA3JIMYHBIX CTPYKTYPHBIX
320 COCTABJISIONINX B 3aBUCUMOCTH OT COJIEp-
— Q" (e J — xauusga Mg (pu 7%S1).
160 |
0 6
Mg,%

Ha ocHOBe paccumTaHHOW 3aBHUCHMMOCTHM SHTAJIBIIMU OT TEMIEPATypbl U KOH-
LEHTPALMY KOMIIOHEHTOB OIIPEAEIISIN 3HAYCHMS TEIUIOTHl KpUCTALIM3ALUA Qi U
BBIJIEJIEHUSI OTJIEbHBIX CTPYKTYPHBIX cocTaBisitoluX Qo 1 Q». Bkian B o0uryro ten-

JOTY KPUCTAJUIM3AIMU CIIaBa TeIIoBbIX 3(PPEeKToB pa3znnyHbiX (a30BbIX MpeBpaile-

130701 OIpCACIIAIN 110 COOTHOLMICHUAM:

Oa=LamatQp®; 0= 0% +L,, 9)
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rae O%=L#, m”,+(Q4° — Tennora Kxpucrammsanuy ABOWHOMN 3BTEKTUKY; Lo, L7, LT —
CKpBITasl TEIUIOTa BbIJCIECHUS O—(a3bl, ABOMHOM M TPOWHON HBTEKTHKU COOTBET-
CcTBEHHO; Op% Oy’ — u3myeckas TemioTa OXJAXKIACHUS CMECH >KUIKOU (a3bl ¢ o—
¢dazoit wim ¢ TBOMHOM IBTEKTUKOM.

Ha ocHoBe HailieHHBIX 3aBUCUMOCTEW 3HTAJbIUU CIJIaBOB cUCTEMbl Al-Si—
Mg 110 popmynam (8—9) paccunranbl 3Hau€HUs1 OOLIEN TEMIOTHI KPUCTAIM3ALUN 1O
sTanam ee BbiaeneHus (puc.7). IlokazaHo, 4TO NMOBBILIEHUE COACPKAHUS KPEMHHUS U
MarHus B COCTaBe CILJIaBa IPUBOJUT K MOHOTOHHOMY YyBEJIMYEHHIO OOLIEeH Tersiora
kpuctaumzauun Q. B Tabn.1 npuBeaeHbl NOayUYeHHbIE 3HAYEHUSI CKPBITON TEIIO-
ThI BBIJICJICHUS CTPYKTYPHBIX COCTaBISIOIINX JiIsl cucteMbl Al-Si—-Mg (B pacuere Ha

€JIMHUITY UX MaCChl).

Tabnumna 1.
VY enpHast CKpbITas TEIJIOTa KPUCTAIUIN3ALUN
CTPYKTYPHBIX COCTABJISIFOIITNX cucTeMbl Al-Si—-Mg
CocTaB cruiaBa L L L Owp
Si Mg kJK/KT
6,5 0,20 465470 505-510 0-555 490-515
7,5 0,45 470475 500-505 0-555 500-520

OO0mas TemoTa KpUCTaIM3alMy CIUIaBa ONPEENsIeTCs] HA OCHOBE 3THX 3Ha-
YeHUI B 3aBUCUMOCTH OT KOJIMYeCTBa O—(a3bl, JBOMHON U TPOUHOMN IBTEKTHKH. [Ipu
PABHOBECHBIX YCIIOBHUSIX CKpBITasl TEILUIOTAa KPUCTALIM3AUUU (B pacyeTe Ha €IUHHUILY

MaCChbl cnnaBa) 0(—(1)21351 La B 3aBUCHUMOCTH OT COACPKAHUA KPCMHUA U MAaruusa mn3-

MensieTcss B mpenenax 0-215 xJx/kr, aBoitHoi »BTexTuxn L) (e;) — ot 0 mo 240

kJ>K/Kr, TBOMHOM SBTCKTUKH Lﬁ] (e2) — ot 0 1o 170 xJ[x/kr, TpoitHoi L,"— o 0 10
255 kJIx/kr.

B pe3ynbrare npoBeIcHHBIX pacyeTOB BHISBJICHA YETKask 3aBUCUMOCTh TETUIOBBIX
XapaKTEPUCTHK CIIAaBOB IPHW PABHOBECHOW KPHCTAIUIM3alMA OT IIOJOKEHUS Ha

AunarpaMme COCTOSHUS.
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BrnusiHue HepaBHOBECHOIO  XapaKTepa KpUCTAUIM3allMM Ha  H3y4yaeMble
TerioQU3NYecKre IMapaMeTpbl M BO3MOXKHOCTH BBIJICJICHUSI HEPAaBHOBECHBIX (a3
OLICHMBAETCS HA OCHOBE yueTa IOJIHOTO WJIM YaCTUYHOTO TMojaBieHus: 1udPpy3MOHHBIX
IPOIIECCOB B TBEPIOi (a3ze.

B pabote ycTtaHOBIIEHO, YTO U3MEHEHUE COCTAaBa M KOJUYECTBA BBIIACIISIONIUX
CTPYKTYpPHBIX COCTABJISIIOIINX MPU HEPABHOBECHBIX YCJIOBHUSX HNPUBOAUT K HU3MEHE-
HUIO KOJIMYECTBA BBIACIISIEMOIN CKPBITOM TEIUIOTHI KPUCTAIIM3AIMH, B PE3YJIbTATE Ye-
ro obmiasi TenjaoTa KPpUCTAUIM3AlMK CIUIABOB IIPU HEPABHOBECHBIX YCIOBUSIX J1OCTHU-
raeT 520 x/[x/kr (mpu paBHOBECHBIX YCIOBHSIX — 495 k/[X/KT) 3a cueT yMEHbBIIICHUS
o o—das3el ¥ ABOMHOW 3BTEKTUKHU M yBEJIMUYEHHUS BKJIAJA TEIJIOTHI KPUCTAJUIM3a-
MU TPOMHOM DBTEKTHKHU.

B mrectoil rmaBe ¢ NOMOUIBIO YHCIEHHOTO MOJICIMPOBAHUSI POLIECCOB 3aTBEP-

JIEBaHMS MPOBEJICHO MCCIICI0BaHNE O0OBEMHBIX MU3MEHECHHH, MTPOUCXOAIINX B CILIa-
Bax TPH MEPEX0JIe U3 KUIKOTO COCTOSHHSI B TBEPJIOE.

Ha ocHOBe TepMoIMHAMHUYECKOTO pacueTa JOJIU TBepoi (a3bl U C YIETOM Xa-
pakTepa BeIICISIONUXCS (a3 MPU PaBHOBECHOM KpucTautH3auu (TIaBsl 2, 4) mMoIy-
yeHa (popmyiia 11 MOAETUPOBaHUS MHOTO(A3HOH 00BEMHOM yCaaKH TPH 3aTBep/ie-
BaHHHM MHOTOKOMITOHEHTHBIX CTUIAaBOB cucTeMbl Al-Si—Mg:

T, T, T
&= yy [mydt + 3 aj [midt + 3 &, [dmi. (10)
T n T, n T,

TI€ &y, @);- CPEAHHUN TeMIepaTypHbI KO3(hdUIHEHT 00bEMHON YyCaaAKH KUIAKOU
(da3pl 1 i-0i TBEpIOM (pa3bl, COCTAB KOTOPBIX U3MEHSETCS B IPOLIECCE 3aTBEP/IEBA-
HUS, My — KOJMYECTBO KUAKOW (pa3pl B wuHTepBane temmeparyp 1.—1., m;-
KOJIMYECTBO i-OM TBEpAOH (a3bl, BBIAEIAIOUICICS B IMpOLIECCEe KPHUCTATUIM3AINHA B
TEeMIIepaTypHOM HHTEpBaJie ee 00pa3oBaHMs, &,,- 00ObEMHas ycajaka mpu (a3oBoM
npeBpamieHny. Haeke i mpuHUMaeT 3HaueHus oT 1 o n, r1ie n — o011ee KOJIUYeCcTBO
BBICTIAIOMMXCA (Pa3 pa3iaMYHOrO COCTaBa, OTIWYAIOUIUXCS BEIMYUHOU a,,&,,H
TEeMIIepaTypHbIM HHTEepBasioM BblaeneHus. Jns cucrembl Al-Si-Mg B craBax |

rpynmnsl i=(a, e;); [I-i=(a, e;, E1), - i=(a, E1), IV-i=(a, ez, E1).
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Tabnuna 2.
Koadpunmentsr 00beMHON ycaaku ¢a3 U CTPYKTYPHBIX COCTaBISIOIINX

cuctembl Al-Si-Mg

Kunakoe TBepaoe cocrosiHue
COCTOAHME | o—(a3a Si Mg>Si e e Ei
Koaddummentst ycaaku, 1/rpan
Ay, 107 al., 10
162 99,6 12,45 34,5 88,2 | 98,2 —
VYcanka azoBoro nepexonaa ¢,
— 0,069 -0,116 0,189 | 0,049 | 0,085 | 0,066

3HadeHust K03(PPUIMEHTOB yCcaJKH, MPUBEIECHHbIE B Ta01.2, MOJy4YEeHbl Ha OC-
HOBE 00OOIIEHHS IKCIIEPUMEHTAIBHBIX JAHHBIX, IPUBOAUMBIX B Pa3JIMYHBIX HCTOY-
HUKaX, U UCIOJB30BaHbl JUUIsl MOJCIUPOBAHMS TEMIIEPATYPHOIO X0Ja OOBEMHBIX H3-
MEHEHUI CIUIaBOB M OLIEHKHM BEJIMYMHBI YCAJKH HA pa3IMYHBIX 3Tamnax Ipolecca 3a-

TBepAeBanus (Tabin.3).

éa/ Al-7%Si-0,5%Mg &, % Al -0,1% Mg - Si
o 0,1
[ ]
0,06 a, A
(@p) €'y 0,10 * ° A
0.04. 0,08 = . . .
, 006l ¥ \ . G
o ’ L 4
&
0,02- |/ 0,04 ~Y A,
CT 8N
0,00 —0 T o T -;céo 0,02 | b
0 2 _ 4 6 8 10
Temneparypa, °C Ni dadaai &a Si, %

Puc.8. W3smeHenus o0OnLeMHOU YCaaKh B KHU/I- Puc.9. O0beMHBIE U3MEHEHUS npu 3aTrBCpac-
KOM COCTOSIHUM, IIPH 3aTBEPACBAHUM U B TBep- BaHUU CIUIABOB Al-Si-Mg B 3aBHCHMOCTH OT
JIOM COCTOSIHMH B 3aBUCUMOCTH OT ()a30BOro co- HU3MCHCHUS COACPKAHUS KPEMHU.

cTaBa.
C ydeToM u3MeHEHHUs KOJMYEeCTBa KUJIKOU U TBEpAOoU (pa3bl, MOTYUEHHOTO U3
TEPMOJIMHAMHUYECKOTO pacyeTa, Ha ocHOBe cooTHoleHus (10) ycTaHOBIEHO, YTO OT-

HOCHUTENIbHAasE 00BbEMHAsl ycaJika OCTaTOYHOW KHUAKOW (a3wl &,, W 00paszyromencs
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TBEpAOU (a3bl &,, 3aBUCUT OT TEMIIA BbIACJICHUS TBEPJOM (a3bl U TEMIEPATYPHOTO

VMHTEpBaja MpPOLECca YCaAKH COOTBETCTBYIOLIEH CTPYKTYpHOU cocTasiistomeit. [1o
ATOM MPUYHMHE OOBIYHO MTPUHUMAEMBIH KO3()PUIIMEHT /2 y MEPBOrO U BTOPOro 4jeHa
B (hopmyiie (10) He sBISETCS KOPPEKTHBIM MIPH TOUYHBIX pacueTax.

Ha puc.8 npencraBieHa u3MeHEHHUE B 3aBUCMMOCTH OT TeMIIepaTypbl 00beM-
HOM ycaaku cruiaBa Al-7%Si-0,5%Mg, Bkirovaromieid oObeMHYI0 yCaJKy IMpHU 3a-

TBEPACBAHUU &y, B BUAC CYMMbl YCAaAKH OTHCJIbHBIX CTPYKTYPHBIX COCTAaBJIAIOIINX:

£y~ YCAJIKU O-PacTBOpA U &' - YCaJKH ABOMHOI IBTEKTHKH €1, X0l KOTOPBIX OIpeie-
JISIETCSl TEMITOM BBIACJIEHUSI COOTBETCTBYIOILEH TBEPOM (pa3bl, BCIAEACTBUE YETO 00b-
€MHbIE U3MEHEHHS B CIUIABE NMEIOT HEMOHOTOHHBIN XapakTep.

[Tpu onieHKE BIMSHUS COACPKAHUS KOMIIOHEHTOB B CIUIaBE HAa BEJIIMYUHY O0b-
€MHOI yCaJKu NpU 3aTBEPAEBAHMUU IOJYyYEHBI 3aBUCUMOCTU (pHcC.9), CBUIETENb-
CTBYIOLIME O TOM, 4YTO JUIS CIUIABOB, COAEPKALIUX B CBOEM COCTAaBE pa3JINYHBIC
CTPYKTYPHBIE COCTaBJISIOLIME (OMPEAEISIIOTCS COAECpPKAHUEM KPEMHHUS U MarHus),
oO1as ycaJaka CKJIaJbIBAETCS U3 YCAAKHU OTAEIbHBIX CTPYKTYPHBIX COCTaBISIOIINUX U
UX BKJIAJ 3aBUCUT OT BEJIMYMHBI COOTBETCTBYIOIINX TEMIIEPATYpPHBIX UHTEPBAJIOB (a-
30BbIX MPEBpAICHUI U KoJnyecTBa ooOpazytomuxcs (a3 (puc.4,6). [Ipu yBennuenuu
coJiepKaHUsl KPEMHHUSI M1 Mar"usi B CIJIaBE MPOUCXOAUT U3MEHEHHE JI0JIM OL.-pPacTBOPA,

JBOMHOW U TPOIHOM 3BTEKTUKHU €€ BKJIaJa B OOIIYIO yCAAKY.

Taomuna 3.
O0neMHas ycanka criaBoB Al —7%Si1-Mg
[TapameTtp Conepxxanue maruus, %

0,5 1,0 3,0 3,5
&y, % 3,49 4,04 4,30 3,72

£, % 2,58 1,71 0 0
£2, % 0 0 0 0,89
e, % 0 0,48 1,60 1,35
Atur, K 49 56 48 46
&y, Yo 6,08 6,23 5,90 5,96
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CornocraBiieHlE pe3yabTaTOB PACYETOB C AKCIEPUMEHTAIbHBIMU JTAHHBIMU 110
Pa3JIMUHBIM JIUTEPATYPHBIM UCTOYHUKAM (pUC.9) yKa3bIBaeT HA TO, YTO MPEJI0KEH-
Hasi METOJMKA AT PE3YyJIbTAThl, YIOBJIETBOPUTEIBHO COMIACYIOIMIMNECS C MPAKTUKOM,

U MOET OBITh 3()PEKTUBHO MUCIIOIB30BAHA TP Pa3pabOTKE TUTEHHON TEXHOIOTHH.

OCHOBHBIE BbBIBO/IbI.

1. Ha ocHOBE TepMOJMHAMUYECKON MOJICTH ISl CHCTEMBI JINTCHHBIX CTUTaBOB Al-Si—
Mg nonydeHbl TapaMeTphl CIIJIABOB, HEOOXOAUMBIE JJIsI TEXHOJOTMYECKUX PACUETOB
— BEJIMYMHA TEMIIEPAaTypHOTO M KOHIIEHTPAlIMOHHOTO HHTEpBajia 3aTBEpJCBaHUs,
paccunTad (pparMeHT MOBEPXHOCTHU JIMKBUYCA, XOJ U TEMI KPUCTAILITU3AINH, KOI(-
(GULMEHTBI pacipeaesieHUs] JIEMEHTOB B 3aBUCUMOCTH OT TeMIIepaTyphl U COCTaBa.
Uccnenosanne xoaa paBHOBECHOW KPUCTAIIU3AIMU MTO3BOJIAIIO PA3/ICIUTh UCCIEI0-
BaHHBIC CILIABBI MO THMY (POPMUPYIOMIEHCS CTPYKTYphl Ha YEThIpE TPYIIIbI, OTINYA-
IOIHUECS M0 XapaKTepy BhIAEIAOMUXCcs (a3 Ha Mocae0oBaTEIbHbBIX dTalax KpUcTa-
JU3ALUY.

2. Ha ocHOBe SHTAJIBMIUHHOIO aHajvM3a KPUCTAJIM3AIMU CIUIaBOB cUCTeMbl Al-Si—
Mg ycTaHOBIIEHBI KOJIMYECTBEHHbIC 3HAUYCHUSI 1 HEMOHOTOHHBIM XapaKTep BIUSHUS
KPEMHHUSI M1 MarHusi Ha TEIUIOTY KPUCTAJJIM3allUi CUIIYMHUHOB B 3aBUCUMOCTH OT IO-
JIO’KEHUS CIIaBa HA AUArpaMMe COCTOSIHHS B COOTBETCTBUM C U3MEHEHUEM TeMIlepa-
TYpPHOTO MHTEpBaJia 3aTBEPACBAHUSA, KOTOPBIM ONMpeessieT BeTUYnHy BKIana (husu-
YECKOM TEIJIOThI, U JI0JIE€H CTPYKTYPHBIX COCTABJISIONIUX, OMPEACISIONIUX BEIUUUHY
BKJIa/Ia CKPBITOM TETUIOTHI KPUCTAIIU3ALINY.

3. Ilpu HEpaBHOBECHOW KPUCTAJUIM3AIMH, TIO3BOJISIOICH MOTYyYUTh HAanboOJee aeK-
BAaTHOE OTOOPaKEHMS PEAbHOrO Mpoliecca KPUCTAIUIU3AINKU, TPOUCXOIUT U3MEHE-
HUE KOJUYECTBEHHOTO COOTHOUIEHUS CTPYKTYPHBIX COCTABISAIONIUX, CMEIICHUE TEM-
neparypbel COJUyca M, COOTBETCTBEHHO, M3MEHECHHE TEMIIEpAaTypHOro HHTEpBalia
KPUCTAJIITU3AIUH, BCIEICTBUE YETO U3MEHSETCSI COOTHOIIEHUE KOMIIOHEHTOB BhIjIe-
JISIOIIENCS TETUIOTHI KPUCTAJUIM3AlUKA M BEJIMYMHA 00bEMHOW yCaJIKU NP 3aTBep/ie-

BaHHH.
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4. C UCTIONB30BaHUEM PE3YJIbTATOB MOJEIUPOBAHUS MHOTO(A3HON KPUCTALTU3AINH
UCCJIEyeMBbIX CIJIABOB YCTAaHOBJIEHBI KOJUYECTBEHHBIC 3HAUEHUSI OOBEMHOM yCaJIKu
IpU 3aTBEPJEBAHUM B 3aBUCUMOCTHU OT MOJIOKEHUS CIUIaBa HA AUArpaMme COCTOSIHUS
B COOTBETCTBUM C U3MEHEHHUEM TEMIIEPaTypHOTO MHTEpBANa KPUCTAILIIU3AIIMH, KOIH-
YEeCTBA BBIACISIONIUXCSA (a3 U mpUpObl Kaxaoi ¢dasbl, onpeaenstonei ycaaky da-
30BOr0 MEpexXo/ia.

5. Pe3ynbrarsl paboThl 000CHOBBIBAIOT HEOOXOIUMOCTh U 3P(HEKTUBHOCTH NMPUMEHE-
HUA anmnapaTta TepMOJAMHAMUYECKOTO MOJEIUPOBAHUSA U pa3paOOTaHHBIX MPOrPAMM-
HBIX CpeaAcTB s mHbopmalmonHoro odecrneuerus: mojened CAIIP JIT HagexHbIMEU
JAHHBIMU O CBOMCTBAaX JIMTEHHBIX CIUIABOB C IIEJIbIO MOJIYUYEHUS PE3yJIbTaTOB MOJIE-
JUPOBaHUA, HauboJiee aJIeKBaTHO OTPaXalolUX pealbHOE MOBEJAEHUE JIMTOTO METAall-
na.
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