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OCHOBHYI0O 4YacTb NPOU3BOACTBEHHON MECYAHO-TIMHUCTOM CMECH COCTaBIIsIET
0oTpaboTaHHasi CMECh, MPOIICAIIAs HE OJUH TEPMUUYCCKUM MUKI. BakHOU 3amaueii sBisieTcs
BBIOOP COCTABOB CMeECEH, CIOCOOHBIX BBIACPKUBATH BBICOKHME TEMIIEPATyphl M COXPaHAITh
¢duznyeckue CBOICTBa MpU MHOTOKpATHBIX 3aiuBKax. Kpome Toro, odeHb BakHO UMETh
MPEJCTaBICHUE O AWHAMHUKE W3MEHEHUS CBOMCTB (POPMOBOUHON CMeCH IS TOJACpKaHUS
3aJIaHHBIX CBOWCTB W pacuera ocBexeHus. [Ipu BbIOOpe cocTaBOB (POPMOBOYHBIX CMeECEH
HEOOXOJIMMO yUUTHIBATh KaK TeMIIEpaTypy 3aJUBKH CIUIaBa, TaK U METALIOEMKOCTH (DOPMBL.
3T0 0COOEHHO Ba)KHO MPU HU3TOTOBJIECHUH KPYIHBIX TOJICTOCTEHHBIX OTJIMUBOK, JUISI KOTOPBIX
BpeMsl BO3JCHCTBHS KMIKOTO MeTaiia Ha ¢opMy Bo3pacraeT. TemmepaTypa MOBEPXHOCTH
(GbopMBI TP 3TOM MOXKET JTOCTUraTh TEMIIEPATypbl 3AJIMBKU METallia, YTO MOXKET MPUBECTU K
OTUIABJICHUIO, CIIEKAHUIO (JOPMOBOYHON CMECH M KaK CIICJICTBHUE K M3MEHEHUIO MPOYHOCTHU
(bopMBI, ee Ta30MPOHUIIAEMOCTH U YXYIIICHUIO KaUeCTBA JIUThSL.

Jlisi OLEHKH CBOMCTB CBS3YIOIMIMX M (DOPMOBOYHBIX CMECEH Ha HMX OCHOBE NpHU
BO3JIEHCTBUM TEMIEPATYPBI CYLIECTBYIOT CIEAYIOIINE TapaMeTpPhl:

° 02HeYNOPHOCMb,
° MepMOCmOUKOCMmb,
) 00J1I206€YHOCIb.

Ilon oeneynoprnocmvio B IIMPOKOM CMBICIIE IIOHMMAlOT CBOMCTBO MaTepUaloB
MPOTUBOCTOSTh HE CIUIABJBIACH Temreparypam He Hmke 1580 °C 06e3 MomoJHUTETHHON
MEXaHUYeCKOM Harpys3ku. M3BecTHo [l], 4TO KaOJIMHUTOBBIE TJIMHBI SIBISIOTCS Oonee
OTHEYNOPHBIMU MaTepuajaMu, 4eM OeHTOHUTOBblE. DOPMOBOUHBIE CMECH COCTOST W3
HECKOJIbKUX MaTepHajoB, 00JaJalolIMX pa3iMyHOM orHeynopHocteio. [losTomy cienyer
pa3nuyaTth OrHEYNOPHOCTH KaXKIOro MaTepuana OTIENbHO M OTHEYNOpHOCTh cMecu. Ha
NPaKTUKE MOTYT BCTPEYAThCS «HEOTHEYNOPHBIE» CMECH, XOTd KaXKAblil Marepuan B
OTJIEIIbHOCTH SIBJISIETCS «OTHEYTIOPHBIM.

Tepmocmoiikocms XapaKTepU3yeT CMECh C TOUKH 3PEHUSI COXPAaHEHUS IPOYHOCTH MPH
OIpe/IeNIEHHBIX YCIOBUSX Harpy>keHus W Harpesa [2]. /laHHOe CBONCTBO NpH MU3MEPEHHUU Ha
o0pa3lax 3aBUCUT OT TEPMOCTOMKOCTH CBS3YIOUIEH KOMIIO3UIMH U TeIIo(pU3nIecKux
cBoiicTB necka.lloka3aTenb TEPMOCTOMKOCTH OEHTOHHMTA BIUSET HAa PacXo] CBS3YIOLIETO B
peambHOM Tnpou3BoAcTBe. OnpeneneHHe TEPMUYECKOH YCTOWYMBOCTM OCHTOHMTA IIO
I'OCT 28177-89 sBnsercss HEOOXOIUMBIM, HO HE JIOCTATOYHBIM JUISI XapaKTEPUCTUKU
HIOBEJICHUS CBA3YIOIIETOB MpOIleccax 3aJUBKH.

I[Mon  Ooncoseunocmvro  TOHMMAIOT  CHOCOOHOCTP CMECH  COXPAHSATh  CBOU
«TIOJIOKUTENIbHBIC) CBOWCTBA IOCJIE€ MHOTOKPAaTHBIX IMKJIOB HarpeBa.Jlis omnpeneneHus
JOJITOBEYHOCTH MOXKHO HCIIOJIb30BAaTh pa3HbIe MapaMeTpbl: M3MEHEHHE COJEp’KaHus
KOHCTUTYLIMOHHOM BO/IbI,3€pPHOBOTO CTpOCHUH, KOHIIEHTPALUU BOJIOPOTHBIX
noHOB.OmpeielIeHue MPOYHOCTHBIX CBOMCTB CMECH IIOC/ie KaXAOro LUKJIa Harpesa
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MIO3BOJISIET BBIABUTH CBSI3b MEXKJy JOJITOBEYHOCTBIO M (PU3NKO-MEXAaHUYECKHMMH CBONCTBAMHM.
HarpeB cmecn MOXXET OCYILECTBIATHCS Kak IyTeM 3alMBKM MeTaula B CIELHHUAIBHO
MOJITOTOBJICHHYIO (OPMY, TaK HarpeBOM M BBIACPKKON 0OPa3IOBCMECH IPH ONPEACTICHHBIX
YCIIOBHSIX.

C menplo M3yYeHHUs XapakKTepa HM3MEHEHUsS (PH3MKO-MEXaHMUECKUX U XMUMHUYECKHX
CBOWCTB (OPMOBOYHBIX CMeced TpU TEPMOLUKIMPOBAHUUM OTPAOOTKE METOAUKU
omnpenenenus: goiaropedyHoctd B 3A0 «Jlutadopm» ObLIa mMpoBeneHa cepHs SKCIIEPUMEHTOB
10 KOMIUIEKCHOW OIIEHKE CBOMCTB (DOPMOBOYHBIX CMECEH Ha Pa3IMYHBIX THIAX CBI3YIOLIUX B
nporecce NUKIMYECKOTO HarpeBa. 3a OCHOBY HCCIIEOBAHMHB JaHHOW paboTe OblLia
B3STAaCTaHapTHAsl METOJIUKA ONPEACIICHUS TOITOBEYHOCTH [3].

XapaKTepuCTUKAa HCXOIHBIX CBS3YIOMMX MAaTepHANIOB TMpeicTaBlieHa B TaOum. 1.
@DOpMOBOYHBIE CMECH B 3aBUCUMOCTH OT BHJA CBS3YIOIIEro oONagaloT pa3IuuyHbIMU
cBoiicTBamMu. PU3NKO-MEXaHUYECKUE CBOWCTBA CMECEH Ha aKTUBUPOBAHHOM OEHTOHUTE B
OOJBIIMHCTBE CIIydaeB BBIIIE, Ye€M Y CMeced Ha HEaKTHMBUPOBAHHOM OEHTOHHUTE M Ha
KaoOJIMHUTOBOM riuHe. W3 mpencTaBieHHOro MaTepuana BHAHO, YTO HauOousblIeil
TEPMOCTOMKOCTBIO 00J1a7aeT aKTUBUPOBAHHBIA OEHTOHUT, a MpeAes MPOYHOCTH MPU CHKATHH
BO BIQKHOM COCTOSSHMM ()OPMOBOYHOH CMECH TIOCiie TEepMOOOpPaOOTKH HU3MEHSETCS B
3aBHCHUMOCTH OT THIIA CBS3YIOLIETO CIEAYIOLUIMM 00pa3oM: CaMbIM BBICOKUM 00J1a/laeT CMECh
Ha akTHBMpoBaHHOM OentoHute (0,90 Kr/cM’), 3aTeM ClieyeT HEAaKTUBUPOBAHHOE CBA3YIOLIEE
(0,69 kr/cm®), 3aTeM — KaonuHUTOBas ranHa (0,33 kr/cm?).

Tabn. 1. XapakTEepUCTUKA HCXOIHBIX cBsA3yronmx MarepuaioB o [OCT 28177-89

HanMenoBanue oOpa3ua

HaunmMmeHnoBanue N N
Xaxacckui Xaxacckuu
noKasarteJst N . Huosicneygenvckan
AKMUBUPOGAHHbLI HeaKmueupo6aHHblil N
oenmonum oenmonum

[Ipenen mpoyHocTH mpu
C)KaTHH BO BIAKHOM 0,95 0,94 0,39
COCTOSIHHH, KI/CM°

[Ipenen mpoyHocTH MpH
pa3phIBE B 30HE 28 10 6
KOH/ICHCAILINH BIIATH, KI/CM”

[Ipenen mpoyHocTH MpH
CXKaTHH BO BIAKHOM

0,9 0,69 0,33
COCTOSIHHH ITOCJIE
TepMOO6PaGOTKH, KI/cM”
TepmocToiKOCTB,eI. 0,95 0,73 0,85
KomnonganeHoCTh,% 97 31 19
Bononornomienue, en. 8,5 3 4

Jnsi mpoBeieHUS UCTHBITaHUS (OPMOBOYHBIE CMECH TOTOBWJIMCH W3 CBEXKHX
MaTepHaoB, COCTaB MPUOIMKEH K MIPOU3BOJICTBEHHBIM CMeCsM. McnbITaHUs IPOBOIWINCH B
paboyeM UHHTEpBaJieé BIAXKHOCTH, XapaKTEpPHOM JUIsl CMeced M3 CBEKUX MaTepHUasIoB.
@DOpMOBOUYHBIE CMECH Ha OCHOBE OCHTOHMTA cojepXkaiu 8% CBA3YIOIIET0 U HMENIH
BIIQXXHOCTh B uHTepBajie (2,7...3)%. Cmecu Ha miMHHCTOM cBs3ytomieM — 10% rimHBl U
BIAXXHOCTH (4,5...5) %. B kauecTBe 3¢pHOBOI OCHOBBI HCCIIEIyEMbIX CMECEH HCIIOJIb30BANICS
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KBaplEBbI MECOK C MOAYJIEM MeIKocTh 57...58, cpennum auamerpom 3epHa 0,22 mm. Cmecu
MPUTOTABINBAINCH B TAOOPATOPHOM KaTKOBOM CMECHTETIE.

B npomecce wmccienoBaHuMM  MPOM3BOAWINCH  M3MEPEHHsT NPOYHOCTH  IIPH
CKaTHUU,pa3phIBe, CKOJIE BO BIAXXHOM COCTOSIHUM,IIPOYHOCTH B 30HE KOHACHCAIIUM BJAard,
(UKCHPOBAIUCh BIAXXHOCTb, YIJIOTHAEMOCTb, HACBIIIHOM BeC, a TaKXe COpOLMOHHAs
CIIOCOOHOCTh W BOAOPOIHBIN MOKa3aTenb (GopMoOBOYHBIX cmeceil. [locne wucmbiTanHuii B
HCXOOJHOM COCTOSHUM, U3 BCEH CMECH TOTOBWIIH CTaHAAPTHLBIC 06pa31u)1, KOTOPBIC
BBIICP/KHBAIICHB My(elbHOI Ieun B TeueHre gaca npu temmeparype 500 "C. ITpokanéHHEIe
U OXJIQX/IEHHBIE HA BO3/1yX€ 0 KOMHATHOM TeMIepaTypbl 00paslibl, pa3pyliajii IECTUKOM B
CTYNKE M JOBOJWIM JIO 3a/laHHOM BIIQXXHOCTH MyTeM MepeMmemuBaHusi BcMecutene. [locne
9TOT0 MPOBOANIIN U3MCPCHUA OIIMCAHHBIX BBIIIC CBOMCTB. I/IsMepeHm[ MMPOBOANJIM B TCUCHUC
TpeX LHUKIOB HarpeBa cmecu. Kakmoe wucmbITaHHE NPOBOAMUIOCH HAa Tpex oOpas3nax,
pacxoXkICHUE MEXIy pe3yJibTaTaMu UcCTbITaHui He O0osnee 10% oT cpenHeapudMeTHnIecKoin
BEJIMUMHBI.
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- ®opMOBOYHASI CMECh HA aKTUBUPOBAHHOM XaKacCKOM OEHTOHUTE;
_ - ®opMOBOYHASI CMECh HA HEAKTUBUPOBAHHOM XaKacCKOM OCHTOHUTE;

_ - ®opMOBOYHAsI CMECh HA HEAKTUBUPOBaHHOM HMKHEyBeNbCKOM TTIMHE

Pe3ynbrarhl uccinenoBanuii npeacrasiaeHsl Ha puc. 1.1-1.4 u 2.1, 2.2.

N3 npencraBnenHoro Ha puc. 1.1.-1.4, marepuana BUJIHO, YTO MPOYHOCTHBIE CBOMCTBA
cMecH Ha XaKacCKOM aKTMBUPOBAHHOM OEHTOHUTE 3HAYMTEJILHO BBIIIE CBOMCTB CMeECei Ha
OCHOBE KaK HEaKTHMBHPOBAHHOTO OEHTOHWTA, TaK M KAOJIMHUTOBOM rIHHBL. OCOOEHHO
HU3KMMU CBOMCTBAMH OTJIMYAETCS (OPMOBOYHASI CMECh HA OCHOBE KAOJUHUTOBOU IiuHBL C
BO3pDAaCTaHHEM IIMKJIOB TMPOKAIKH (U3HKO-MEXaHHUECKHEe U XUMHUYECKHE CBOMCTBa
(GOpPMOBOYHBIX CMECEHl Ha OCHOBE TPEICTABICHHBIX  CBA3YIONIUX  W3MEHSIOTCA
HE3HAUYUTEIBHO.

OnHako HEOOXOAUMO OTMETHTh HEKOTOpPhIE OCOOEHHOCTH TOBEICHUS CMECEl mpu
TEPMOIMKIMPOBAHUUB 3aBUCUMOCTH OT THUIIA CBSI3YIOLIETO.

VY cMecH Ha OCHOBE aKTHBHPOBAHHOTO OCHTOHHMTA HAOIIOAACTCS HEOOIBIION IPUPOCT
MIPOYHOCTH TPHU Pa3pbIiBE€ U CKOJIEBO BIAXKHOM COCTOSIHUM U MPOYHOCTHU B 30HE KOHJACHCALIMHU
BJIarM, TPU OSTOM TMPOYHOCTh TMPHU CKATUU BO BIAXKHOM COCTOSIHUM U COPOITMOHHAS
CIIOCOOHOCTh CMeCH YMeHbIaeTcs. Y (pOpMOBOYHON cMecH Ha OCHOBE KaOJMHUTOBOW TTIMHE
C YBEIWYCHHEM KOJHMYECTBA IIMKIOB, HA00OPOT, HAOIIOZACTCS HEKOTOPOE CHIDKECHUE
MIPOYHOCTH IIPH Pa3pbIBE U CKOJIE BO BIAKHOM COCTOSIHUM U MPOYHOCTU B 30HE KOHJICHCALINHU
BJIaTr C OJIHOBPEMEHHBIM YBEJIUYCHHEM IMPOYHOCTH MPU CKATUM BO BIIAXKHOM COCTOSIHHH.
M3MeHeHrne MPOYHOCTHBIX CBOMCTB cMeceil MOKHO OOBSCHUTH SIBJICHHEM JETHApaTallud —
BBIJICJICHHE KOHCTUTYIIMOHHOW W II€OJMTHOW BOJBI MpH HarpeBaHuu. llocie moBTOpHOTrO
YBIQXHEHUSI CMECH M JOBEACHHUS €€ [0 3aJaHHOM BIJIAXKHOCTH IPOUCXOJMT SIBJICHUE
peruaparanuu, T.e. 00OTalIeHUE CBI3YIONIET0 KOHCTUTYIIMOHHON M IEONUTHOM Bomoi. [lpu
MPOXOXJACHUH yKa3aHHBIX IPOILIECCOB, YAaCTh BOJBI TepseTCs HEoOpaTMMO, M MMEHHO 3TOT
SABJSIETCS NPUYMHON U3MEHEHHUSI CBOMCTB CMECEH MPU MOBTOPHBIX HArPEBAX.

SBneHue peruapataliM  4acTO COMPOBOXKAAETCS JBYMS IPOTHUBOIOJIOXKHBIMHU
IpoleccaMH: CIEKaHHeM 3€epeH Inecka u oonutuzanueil [4]. CnekaHue 3epeH Iecka
COMPOBOXKAAETCAd MaJCHUEM MPOYHOCTH CMECH, a C JAPYrod CTOpOHBI 00pa3zoBaHUEM
IaMOTH3UPOBAHHBIX YYAaCTKOB, KOTOpPBIE MOTYT MpPEBPaTUThCS B MbUIb HPU MOBTOPHOM
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00pabotke B cMecurene. OOpa3oBaBmIascs MbUTh WIM, TaK Ha3bIBaeMas MeEJIOYb, CIIOCOOHA
BPEMEHHO YBEJIIUYUTH MPOYHOCTh CMECH IIPU CHKATHH.

[Tpu mukmyeckoM HarpeBe (POPMOBOYHBIX CMECEH MPOUCXOAUT U3MEHEHUE (PH3UKO-
XMMHYECKOTO U MHHEpAJIOTHYeCKOro CcocTaBa W cojepxkaHue mpumeceit (puc. 2.1-2.2).
CopnepxaHue akTUBHOTO OEHTOHUTA B CMECH — COPOIIMOHHAsI CIIOCOOHOCTh — C YBEIMYEHUEM
[IUKJIOB TIPOKAJIKW CHUKAETCS, TAK KaK aKTUBHBIA OCHTOHUT WJIM TJIMHA YaCTUYHO BBITOPAIOT.
W3meHeHne  BOJOPOJHOTO  TOKa3aTeNs  XapaKTepU3yeT  XUMHUECKHE  HM3MEHEHWUs,
MPOU3OIIE/IIINE B CMECH B pe3ysbTaTe TEPMUUECKHX MPEBPAILCHUN, BRITOPAHUE MTPUMECEi, O
YeM CBUCTEIBCTBYET TaK jK€ M3MEHEHHUE IBETa (POPMOBOUHBIX CMECEH MPH HArpEBaHHH.

Takum 00pa3oM, MPOBEAEHHBIE HCCIEIOBAHUS IO KOMILJIEKCHOW OIIEHKE CBOMCTB
(OPMOBOUYHBIX CMecel Ha PAa3IMYHBIX THUMAX CBA3YIOMIMX B MpoOIecce MUKIMYECKOTO HarpeBa
¥ 0TpabOTKa METOJUKH OTpeAeNICHUS JOITOBEYHOCTH MTOKa3alu ClIeayolee:

1. Honroseunocts III'C, ompenensiemas 1o yka3aHHON B JT@HHOM HCCJICIOBAaHUU
METOJIMKE, TIO3BOJSIET CYIOUTh 00 W3MEHEHHWU CBOWMCTB CBSA3YIOIIMX B Ipolecce
TEPMOIIMKIINPOBAHHUS.

2. TlonmyueHHbIe 3HAYEHHUS JIOJTOBEYHOCTH KOPPEIUPYETCS C OIMpeAeisieMbIM IO
I'OCT 28177-89 mnpenenoM TMNpOYHOCTH TMPU CKAaTUU  (POPMOBOYHBIX CMecell mociie
TepMOOOPAOOTKHU CBA3YIOIIETO.

3. VYka3zanHas Metoauka oueHku goiroBedHoct [II'C MoxeT ObITH MCIOJIb30BaHA B
3A0 «Jlutadopm» mpu pa3pabOTKe HOBBIX COCTABOB MECYAHO-OCHTOHUTOBBIX (JOPMOBOYHBIX
CMECEH.
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