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BBenenue

O} dekTUBHOCTh UCIONB30BaHUSA MUHEpalbHOTO Chipbid (MC) Bo MHOroM
OTIpEeIeISIETCS] MPUMEHEHUEM HIMPOKOT0 KOMIUIeKca (U3MYECKUX, XUMUYECKHUX,
(U3UKO-XUMUYECKUX, MUHEPATOrHUYeCKUX MeToa0B. Cpeau HUX METOJ TepMHue-
ckoro aHanu3a (TA) siBiIsieTCS HCTOYHUKOM LIEHHOM U B PAJIE CIIy4aeB YHUKAIbHOU
uHGOpPMaIlMU O COCTaBe, CTPYKTYpe paznuuHbiX BuAoB MC W HX BIMSHHM Ha
CBOMCTBA CaMOTO ChIPbSl U MATEPUAJIOB HA €70 OCHOBE.

TepMoaHaTUTUYECKHE METOJBI MPUMEHSIOTCS MPU perucTpanuu (Ha3oBbIX
MpEeBpallleHU, JUIsl CPaBHUTEIBHONW OIEHKU (PU3UKO-XUMUYECKUX, JIUTOJIOTHYE-
CKHX, CTPYKTYPHBIX M TEXHOJOTHYECKUX XAPAKTEPUCTUK, KaK MMPOTHO3HBIE KPUTE-
pHUU OLIEHKH Ka4eCTBA MUHEPAIBHOI'O ChIPbs. B TEXHOJIOTMH 3TO MHOTOYUCIIEHHbIE
IPUMEPHI MOJEIHPOBAHUS TEXHOJIOTHYECKUX MPOLIECCOB U MTPOTHO3a TEPMUYECKO-
ro MOBEJIEHUSA BBICOKOTEMIIEpATYpHbIX (a3 mpu HarpeBaHuu WUXTH 10 1000-
1500°C. Ilpu uccnenoBarnuu GpazoBOro cocTaBa M MPOIECCOB, MPOUCXOIAIINX TIPU
nepepaboTKe MUHEPAILHOTO CBIPBS, LIEJIECO00PAa3HO UCIIOJIb30BATh KOMILJIEKC aHa-
JUTUKO-MUHEPATIOTHUYECKUX METO/0B, cpeau KoTopsix Metonbl A TA, ICK u ATT
3aHUMalT 0c000€ MECTO, MO3BOJISAS HENPEPHIBHO M OJHOBPEMEHHO OIPEAEIATh
MU3MEHEHUE MacCChl U TemoBble 3((EKThl (MX BETUUYHMHY U HAMpPABICHUE), TEMIIE-
paTyphl Hayaia U 3aBepLICHUS NMPEBPALECHUN B Pa3IMYHbIX PEKUMAaX Harpera 00-
pasua. C moMomib0 METOJa TEPMUYECKOTO aHAJIM3a MTPOBOJUTCS ONPEACIICHUE CO-
JepKaHus TEPMOAKTUBHBIX (a3, ajacopOIMOHHON CHOCOOHOCTH, TEPMHUYECKOU
YCTOWYMBOCTU MUHEPAIBHBIX CTPYKTYP, U3y4EHHE MEXaHU3Ma IIPOLIECCOB BOJOMO-
TJIOIICHUS W JIETMApPATally, PErMCTpalys MPOLECCOB IUIABICHUS, KPUCTAIIN3a-
UM, AeKkpenurauuu. B mocneqHue rojapl METOJ MCHOIb3yeTCs AJisd pa30pakoBKU
MUHEPAIbHOTO ChIPbS MO TEXHOJOTMYECKUM COpTaM M IpylmaM, MpOrHo3a Kaye-
CTBa FOTOBOM MPOAYKIIMH, KOPPEKTUPOBKH COCTABA KEPAMUKH, KOHTPOJIS U yIIpaB-
JICHUs TEMIIEPaTypHbIM PEXKUMOM OO0XHUra MOJIUMUHEPAIbHBIX TJIWH, KOHTPOJIS
TEMIIEPATypPHOTO PEKUMa OOOTalIEHUS >KEJIE€300KCUIHBIX MPUPOJIHBIX COEAHHE-
HUM.

[Tpu coxpaHeHuu OOMIMX MPUHIUIIOB MPOBEICHUS TE€X WM WHBIX BUIOB
aHaiM3a B MOCJIEIHEE BpPEeMs CYIIECTBEHHO M3MeHuIach npubopHas 6a3a. Cope-
MEHHasi TEeXHUKa JUId MPOBeNCHUs (PHU3HKO-XUMHUYECKOrO aHaiu3a O0ecreurnBaeT
0oJiee BHICOKYIO TOYHOCTh U3MEPEHHUI U UyBCTBUTEILHOCTh METOJA aHAIN3a, 1103~
BOJISIET TPOBOJAUTH OOpPaOOTKY JaHHBIX C MOMOUIBIO MPHUKIATHBIX MPOrpamM,
IpeaycMaTpUBAET COYETAHUE HECKOJIBKUX METOJOB MPHU HCCIIEIOBAaHUU 00pa3la C
NPUMEHEHHUEM €IUHOr0 MPUOOPHOTO0 KOMIUIEKCA, YTO PACHIMPSET BO3MOXKHOCTHU
UCCIIEeN0BaTENs



1. OcHOBBI TEOPUHU TEPMHUYECKOT0 AHATH3A

Tepmuueckuit ananus (TA) — meTon uccnenoBanus GU3NKO-XUMUYECKUX U
XUMUYECKUX MPEBPALICHUH, POUCXOASIINX B BEIIECTBE B YCIOBUSAX MPOrPAMMHU-
POBAaHHOTO U3MEHEHUS TeMIlepaTypbl. TepMUH «TE€pMUYECKUIN aHAIN3» OXBAThIBa-
€T PsiJl METOJIOB, B KOTOPBIX (DU3UYECKOE COCTOSIHUE BEIIECTBA U (UJIM) MPOIYKTOB
€ro peakuui u3MepsieTcst Kak GyHKIUS TeMIepaTyphbl, B TO BpeMsl, KaK BEIIECTBO
NOJIBEPraeTcsi BO3JIEUCTBHUIO TeMmiepaTypsl. [losToMy, moa TepMUYECKUM aHAIU-
30M, IOHUMAETCA COBOKYITHOCTh METOJOB PETHCTPALMU TEMIEPATYPHI POU3BOJIb-
HO BBIOpAHHON TOYKHM B HCCIEIyEeMOM BEHIECTBE WU KakOM-InO0 (yHKIHUHU OT
TEMIIEPATYPHI IPU HENPEPHIBHOM HArpeBEe WK OXJIAXJACHUU BEIIECTBA MO ONpeie-
JeHHoM nporpamme. B reonorudeckoit nurepatype, TA omnpeaensercs Kak «pusn-
YECKHUI METOJT MCCIIEJOBAHUSI CBOMCTB MUHEPAJIOB U MPOLIECCOB, MPOUCXOISAIIUX B
BEILECTBE MPU HArPEBAHUU WIH OXJIAXKACHUH. 3aKII0YAETCs B PETUCTPALUU U T10-
CIIEIYIOUIEM AHAJIU3€ KPUBBIX, MOKa3bIBAIOIIUX 3aBUCUMOCTbH TEMIIEPATyphbl BbI-
OpaHHOM TOYKH B MCCIIEyEMOM BEIIECTBE (MM KaKOW-HUOYAb (QYHKUIUU OT 3TOH
BEJIMYMHBI) OT BPEMEHHM WJIM TEMIIEPATypbl BHEIIHEH Cpeibl, IPU HEIPEPHIBHOM
VU3MEHEHUH MOCIEAHEN 110 3aJaHHOMY 3aKOHY».

SBsisiICh OHUM U3 METOJIOB (PM3UKO-XMMHUECKOIO aHajlIu3a U OIpenessto-
il Temneparypsl (ha3oBbIX NpeBpalleHuid, TA MMeeT OCHOBHOE 3HAYEHHE Kak
METOJI Kaue€CTBEHHOIO0 M KOJHMYECTBEHHOIr0 (DA30BOr0 aHaiW3a) ONpEeesoni
TEMIIEpaTypHbIE WHTEPBaJbl, B KOTOPBHIX B KOTOPBIX MPEBPAIICHUS MPOTEKAIOT
HanOoJiee UHTeHCUBHO. Hannuue u TernoBoil XxapakTep MpOLECCOB PErUCTPUPYET-
Csl IO OTKJIOHEHMSIM CKOPOCTH HarpeBaHUs (OXJIaX/IEHHs) BEIIECTBA OT 3a/1aHHOM
IIPOTrPaMMBl.

CoBMmecTHO ¢ TA MOXET NMPOBOAUTHCS U3MEPEHHE M PETUCTPaLUs JIFOObIX
buznyeckux WM (QU3NKO-XMMHUUECKHX XapaKTEPUCTUK BEIIECTBA C LIENBIO yCTa-
HOBJIEHUS MPUPOJIbI HaOI0AaeMoro mpoiecca. Takoe coyeTaHre METOAOB Ha3bl-
BaETCA «KOMIUIEKCHBIM TEPMHUYECKUM aHAIM30M». B mocnennee Bpems (B CBSI3U C
MOSIBJIECHUEM anmnaparypbl HOBOTO TMOKOJIEHUSI) YNOTPEOJsSeTCs TEPMHUH «COBME-
mieHHbI» TA, pexe - «cuHXpoHHbI» TA. IIpy KOMIIJIEKCHOM HCCIEI0BaHUU Be-
IIECTBA TEPMHH «COBMELIEHHBII» CJEIyeT HMCIOJb30BaTh MPU OJHOBPEMEHHOM
NPUMEHEHUH JIBYX WM 00Jee METOAO0B MCCIEA0BaHUs OJHOIO U TOTO e 00pasiia;
TOTJIa TEPMUH «KOMOMHUPOBAHHBIN» Oy/IeT 03HaYaTh MPUMEHEHUE OTACIBHBIX 00-
pa3loB IS KaKa0ro Metona. I ykazaHus HA BBINOJIHEHUE TEPMHUUYECKOTO aHa-
JM3a B KOMILUIEKCE C TEM WUJIM UHBIM JOTOJHUTEIBHBIM UCCIEIOBAHUEM 1A€TCS JIU-
00 pa3BepHyTas XapaKTepUCTUKA METOJa, MO0 €r0 YCTaHOBJIEHHOE COKpAIEHUE,
€CJIM OHO cyliecTByeT, Harpumep, « ATA-TT-ITT».



[IpyHIMNMaNbHAA CXEMa IMPOCTEMIIETO TEPMOAHATUTUYECKOTO YCTPOMCTBA
npencrasieHa Ha puc. 1. OHa HCHonb3yeTcss MPAKTUYECKHM BO BCEX BAapHUAHTAX
TEPMOAHAIINA3A.

Meub

Pucynoxk 1. TepmoananmuTrueckas siueiika

B OonpmmuHCTBE ciayyaeB oOpaszel HaxOIUTCA BHYTPU THUIJISL, KOTOPBIA, B
CBOIO OY€pe/ib, HAXOAUTCA B KOHTAKTE C CEHCOPOM, U3MEPSIOLIUM COOTBETCTBYIO-
niee cBoiicTBo. [Ipu NMHEMHOM WM3MEHEHHU TEMIIEpaTyphbl OKpY’KaoLIEH Cpeibl
JaTYUK PUKCUPYET U3MEHEHUs CBOMCTB 00pa3lia U KOHBEPTUPYET UX B JIEKTpUYE-
CKUM curHaji. BeIXOAHON cUTHal ¢ AaTyuKa yCUIMBAETCS U MOJAETCs Ha 3allOMU-
Haromiee ycTpoicTBo. [Ipu aToM natunk pukcupyer TemrnepaTypy B TEUCHUE BCETO
npoliecca B HEMOCPEACTBEHHOM OIM30CTH OT oOpa3ua. CucrtemMa JaT4uKOB € 00-
pa3ioM (siueiika) HaXOAUTCS BHYTPH MeYM B 3aaHHOM aTMocdepe. YrpaBiieHHE
NEeYbI0 OCYLIECTBIISIETCA IPOrPaMMHO, U B 3aBUCUMOCTU OT TPEOOBAaHUMN 3KCIEpU-
MEHTaTOpa TeMIlepaTypy el MOKHO YBEJIUYHMBATh, YMEHbILIATh WIH MOAJIEPKHU-
BaTh MOCTOSIHHOM. 3aBUCUMOCTh M3MEPEHHOI'O CBOMCTBA OT TEMIIEpaTyphl, 3alu-
CaHHasl JaTYMKaMHM, Iocjie 00pabOTKH BBIBOAMTCS HA DKPaH KOMIIbIOTEpa U Mpe.-
cTaByseT OO0 TepMOAHATUTHUECKYIO KpuBYI0. TemmepaTypa oOpasiia Uiy Bpems
HarpeBa OTKJIAIBIBACTCS MO OCH a0CIIMCC, a 3aBUCAIIAS OT TEMIIepPaTyphl BETUYUHA

— 10 ocH opauHat. Takoi rpaduk Ha3bIBae€TCS TepMOrpaMMon (puc. 2).
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Pucynok 2. TepmorpamMmma M30TEPMHUYECKOTO NMPEBpPAILEHUs IPU Harpese ti, to,
trp.- TeMmrepaTypsl neuu, odpasia u mpolecca



Meton BHavasie ObUT MPUMEHEH /I U3YYCHHsI JUarpaMM COCTOSTHUSI METaJl-
JIOB U CIUIABOB, a 3aT€M MPUMEHEH JUIsl UCTIBITAHUS TJIMHUCTBIX MUHEPAJIOB U TO-
poa. C 1939 r. MeToa TEPMUUECKOTO aHAINU3a MPUMEHSETCS JJIsl MCCIICIOBAHUS
HapaBHE C PEHTTEHOBCKUMH HCCIICIOBAHUSMU.

Ha puc.2 mokasana tepmMorpamMma H30TEPMHYECKOTO ITPEBPAILCHUS IPH
MEJIJIECHHOM Harpese, MPOTEKAOUIEro C MOTJIONIEHHUEM TEIIOTHI.

Ha xpuBoii HarpeBa 00pa3iia MOKHO BBIICITUTH CIICAYIONINE YIaCTKU:

- 0—1 — marpeB o0Opa3ma ¢ MOCTOSTHHOW CKOPOCThIO. Best TemioTa, mepenana-
emasi OT Ie4Yr K 00pasily, pacXoAyeTcs Ha ero Harpes;

-B MOMEHT Tl HauuMHaeTcs MpeBpalleHHe B MOBEPXHOCTHOM CJ0€ 00paslia,
4acTh MOJBOJMMOM TEIUIOTHI 3aTpauMBaAETCsl Ha MpEBpalleHUe, CKOPOCTh HarpeBa
YMEHBIIIAETCS 0 MOMEHTA T2, TeMIlepaTypa TepMonapbl, HaXoAsAIeHcs Ha OCH 00-
pasiia, OTCTAET OT TEMIIEPATYPhI €T0 MOBEPXHOCTH;

- HaUMHas ¢ MOMEHTa T2, IpEBpallleHhe OXBaTbIBACT BCE OOJIBIIYIO YaCTh
o0beMa, BCs MOJBOJAMMAS TEIJIOTa PACXOAYyeTCsl Ha IpeBpalleHre, TeMIeparypa
oOpaslia OCTaeTcsl MOCTOSIHHOM;

- pPa3HOCTh TEMIIEPATYP MEXKAY Meublo U o0pa3iioM tim —t0 Bo3pacTaeT BO Bpe-
Ms MIPEBPAILECHUS BIUIOTh O MOMEHTA €ro 3aBEPILICHHUS T3, TO3TOMY IOCJE 3aBEp-
IICHUS MPEBpAIICHUS Ha0II0/1aeTCs IEPUOI YCKOPEHHOTO Harpera obpasna 13— t4.
[To Mepe yMeHblIeHUsI pa3HOCTH TemIiepatyp tn —t0 ckopocTh HarpeBa yMEHbIIIa-
€TCsl, IO3TOMY MOMEHTY T3 COOTBETCTBYET Neperud KpuBoi to(t );

- C MOMEHTa T4 yCTaHaBJIMBAETCS MOCTOSHCTBO PA3HOCTH TEMIIEpATyp MEXKIY
NeYybio U 00pa3ioM U JAIbHEUIIINN HArpeB MPOUCXOUT C TTOCTOSTHHON CKOPOCTHIO.

KonuuectBo ucxoanoit (asel (unu (a3) HEMPEPHIBHO YMEHBIIIAETCS 110 MEpe
pPa3BUTHS MPEBPAIICHUS — YMEHBIIAETCS U KOJIUYECTBO MOTJIONIEHHON TEIJIOTHI.
OTO MPUBOAUT K HAaYally TMOBBIIMICHUS TEMIEPATypbl 00pasiia 10 OKOHYAHUS Tpe-
BpaIllCHUsI U K «CKPYTJEHUIO» KOHIA Tulomanku. OT4eTivBas ropu30oHTaIbHas
moniaaka (puc.3) Ha TepMorpaMme MOJydaeTcs JIMIIb B TOM clydae, Korja BCs
MOABOAMMAs TEIJIOTAa PAcXOJyeTCs Ha MPEeBpAIllCHHE, a ero 00beMHasi CKOPOCTh
MOCTOSIHHA. Y CKOPEHHE HarpeBa MOKET BbI3BATh YBEJIIMUYEHHE CKOPOCTH MpEeBpa-
IICHUS, HO JIUIIb JI0 HEKOTOPOTO Tpenesia, ONMpeesieMOro 0COOCHHOCTSIMH €ro
KUHETHKHU. [l03TOMYy mpu OBICTPOM HarpeBe BMECTO TOPU3OHTAIBLHOM TUIOIIAJKU
Ha TEPMOTpaMMe MOXKET HAOJII01aThCsl HAKJIOHHBIN y4acTok (puc. 3,6).

Bua tepMorpamMm 3K30TEPMUYECKOTO MPOIECCa ONPEAeseTCs] CKOPOCTHIO
BBIJICJICHUS TEIUIOTHI. AHAJIOTUYHbBIE TEPMOTPAMMBI MOJYYAIOTCS U MPU OXJIaXK]Ie-
HUU 00pa3ioB (puc. 3,a).
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PucyHok 3. TepMorpaMmbl 5K30T€PMHYECKHMX NIPEBPAILCHUM ITPU: a - 0XJIa-

XKIEeHUU (U30TEPMHUUECKOE MTpEBpallieHne); O — HarpeBe (ObICTpOE MPEBpaIECHNUE)

[Ipu ucciienoBaHuM NPEBpPAIEHUN B TBEPAOM COCTOSHHHM OOBIYHO IMpUME-

HAIOT 00pa3lbl C OTHOIIEHUWEM BBICOTHI K quametrpy ot 1 go 2. Macca obpasna

HaxXOJUTCS B MpeAeiax OT HECKOJIbKUX I'PAMMOB JI0 HECKOJIBKUX JECATKOB IpaM-
MOB, nHorna a0 150-200 r. BHyTps neuun (HarpeBaTelisi) yCTaHABIMBAIOT TUTEINb C
o0pasloM, TeMIEpaTypy KOTOPOro U3MEPSIIOT TEPMOIIApOi.

1.1 O0mas kaaccupukanus MeTOI0B TEPMUYECKOT0 AHAIN3A

B HacTosiiiee BpemMsi TEpMUYECKHUE METOIbI aHAIN3a MPEACTABISAIOT CO00M

HIMPOKO PaCIpPOCTPAHEHHBIE, MPOCThIE U HAJIEKHBIE CHOCOOBI UCCIENOBAHUS U

KOHTPOJII MaTCPHUAJIOB. be3 HuX HEBO3MOKHO OOONTHCH HU B XUMHH, HU B I'COJIO-

I'ii, HU B (1)I/ISI/IKC, HH B TCXHHUKC, CCJIN IIPUXOIUTCA UCCIICAOBATH HOBBIC MATCPH-

aJIbl MJIM BCIICCTBA, NX COCTABJIAIOIIMC. B Tabin.1 IMpCaACTaBJICHBI Hanobosee M3-

BCCTHBIC TCPMOAHAIIUTUICCKUC MCTO/BI.

Ta6nuna 1 — Buasl TepMudeckoro ananusa

Meton N3mepsiemoe cBOICTBO O0J1acTh MPpUMeEHEHHS
TepmorpaBumeTpust macca pacnan asel, reruapaTanus, OKUCICHUE
HduddepennumanbHorii TeMIIepaTypHas pasHOCTh | TEMIIEpPaTypbl U TEIUIOTHI (ha30BBIX Mepe-

TepMH‘leCKHﬁ aHaJInu3 1

MCXKAY CTaHAApTHBIM H HUC-

X0O0B N XHMHUYCCKHX peaKHHﬁ, TCIIII0-

CKaHUpYyIOLas  KaJlo- | CIeAyeMBbIM BellecTBaMu €MKOCTh

puUMeTpus

TepMomexaHUUeCKHUI nedopmaniu MeXaHHUYECKHE M3MEHEeHHs, AedopManun

aHaIN3 aHaNIM3 Ta30BBIJEIIEHUS COCTaB Ta30BOM
¢a3el pa3noxeHHe, KaTtaliu3 U IOBEpX-
HOCTHBIE pEaKIun

TepmoornromeTpust ONITHYECKUE CBOMCTBA (da3oBble U3MEHEHUS, IOBEPXHOCTHBIE
peakuuy, IBETOBbIC N3MEHEHHS

Hwvdnextpuueckuit TUDIIEKTPHYECKas (da3oBble M3MEHEHUS, U3MEHEHHUSI B IIO-

TEPMHUUECKUIN aHATIN3 IPOHUIIAEMOCTh JMepax

Oco0ble METOBI




CUHXpOHHBIN aHATU3 0o0OBEIMHEHBI JIBa U 0OJiee METOJIOB U3ydeHHUs 00pa3iia OJHOBPEMEHHO Tep-
MOAaHaJIU3 € 3aJJaHHON CKOPOCTHIO MPOIIECcCa CKOPOCTh H3MEHEHHUS CBOICTBA
MOAACPKUBACTCS TOCTOSIHHOM

Y bTpa3ByKoBOM (ha3oBbIe MEPEeXo/Ibl BEIIECTBA B MPOIIECCEe HArpeBa
aHanm3

OCHOBHBIMH METOJJaMU TEPMUUYECKOIO aHAIM3a SBISI0TCS AuddepeHmaib-
HO-TEPMUYECKUM, TepMOrpaBUMeTpruiecKkuil u auddepeHiuanbias CKaHUPYIomas
KAIOPUMETPHSL.

3 JuddepennuaibHO-TePpMUYECKU aHATIHN3

Huddepenumanpupiii Tepmuueckuii ananu3 ([ITA) ocHoBan Ha peructpa-
[IMU PA3HOCTU TEMIIepaTyp HCCIEAYyeMOro BEIIeCTBAa U MHEPTHOrO o0paslia cpaB-
HEHUs TPU UX OJIHOBPEMEHHOM HArpeBaHUU WM OXJaxjaeHuu. [lpu mameHeHUn
TeMIlepaTypbl B 00pas3iie MOTYT MPOTEKAaTh MPOLIECCH ¢ U3MEHEHUEM DHTAJIBIINH,
KaK HampuMep, IUIaBJIeHHE, MEPEeCTPOMKa KPUCTALINICCKON CTPYKTYpHI, UCIIape-
HUE, PEAKIUU JCTHIpaTallii, JUCCOIUAIMA WU Pa3JI0KEHUS, OKUCICHUE WM
BOCCTaHOBJICHHE. Takue MmpeBpanieHusi COMPOBOKIAIOTCS TOTJIONEHUEM WA BBI-
JIeJICHUEM Tella, Oyiaromapsi 4eMy TeMmIlepaTypa oOpaslia W 3TajoHa HAYMHAIOT
paznuyaThCs. DTUM METOAOM yJaeTcs 3adUKCUpOBaTh Jake Majble U3MEHECHMUS
TeMIiepaTypbl o0pasia, 6marogapsi KOHCTPYKIIMHM MPUOOpa, a UMEHHO TOMY, YTO
PETUCTPUPYIONINE TEPMOMaphl OT 00pa3iia 1 dTajJOHa COCAMHEHBI HABCTPEUy JPYyT
npyry. IToBbIIIeHHAsS 9yBCTBUTEIBHOCTh AU (EpEeHIINATLHOTO METOIAa TTO3BOJISET
UCCIeI0BaTh 00pa3iibl MAJIOro Beca (10 HECKOJIBKUX MT).

coaBan

Pucynox 4 - Cxema yctanoBku qudpepeHnnanTbHO-TEPMUIECKOTO aHaTN3a.

VYcranoska mist JITA (cm. puc.4) cocTouT u3 nedu 4, B KOTOPYIO MOMeEIIa-
I0TCS JIBa TUTJISA C UCCleayeMbIM 1 U 3TaloHHBIM 2 00pa3laMu, CHaOXXEHHbIE Tep-

Monapamu 3; yCTPONCTBa JIJIsl PEryJIMPOBKM CKOPOCTH HarpeBa Me4yu S U npudo-
9



POB, (DUKCUPYIOIIUX TEMIIEpATypy UCCIeayeMoro obpasma 6 u pasHOCTh TeMIepa-
Typ MEXIy STaJOHHBIM W UCCleayeMbIM oOpa3uamu /. J[Ji1 u3MepeHus pasHOCTU
TEeMIlepaTyp TepMONapbl STAJOHHOIO M MCCIEIYEMOTO OO0pas3loB COEAUHSIOTCS
BcTpeuHo. Pesynbrupyromas tepmo3/IC Oyner paBHa B 3TOM Cily4yae pa3HOCTH
tepMoIJIC coennHenHbIX TepMonap. [Ipu oguHakoBo#l TemmnepaType I1Byx oOpas-
IIOB BBIXOJTHOM CUTHAJI Oy/IeT paBEeH HYJIO, a IIPH MPOTEKAaHUH DHI0- U IK30TECPMH-
YECKHUX PEaKIMi B UCCIEAyeMOM 00pa3ile Ha KPUBOU MPU COOTBETCTBYIOIINX TEM-
nepaTypax MosBISTFOTCS TUKH, HAITPaBJICHHBIC B MPOTHBOIIOIOKHBIE CTOPOHBI.

7. K
C
| )

A

0

T, K
Pucynox 5 - Kpupast ITA (1) ucneiThiBaeMoi MpoObl MaTepuasia u JMHUS
(2), moka3pIBarollas U3MEHEHUE TEMIIEPaTyphl IEUH

Ha puc. 5 npuBenens! kpuBas [ITA | ucneiTeiBa€MOro Marepuasia v JUHUSA
2, xapakTepusymolias Temn HarpeBa neuu (T — Temmneparypa neuu, Tm — temnepa-
Typa matepuaia). Yacth kpuBo# 1, coBmanaromasi ¢ ropu3oHTainsio 0, Ha3bIBaeTCA
OCHOBHOU JTMHUENW U cOOTBETCTBYET 3HaueHUt0 AT = 0. DHgoTepMUdecKuii MaKCcH-
MyM Ha kpuBoi JITA HaxoauTcsl BHU3Y, a SK30TEPMUUYECKUN MAaKCUMyM — BBEPXY
OT OCHOBHOM JIMHUH. DKCTpeMasbHble 3HaueHus Ha kpuBoi JITA — touku B, F, M
1 N XapakTepu3yroT TeMIeparypy Marepuana Tmax, mpu KOTOpOMl COOTBETCTBY-
IO mporiece (UcmapeHue, OKUCIEHUE U T.J.) MPOTEKAeT ¢ HauOOJbIIEeH CKOPO-
ctbto. Toukn A, D u L xapakTepusyroT TeMmnepaTypy Marepuaia B Hayajae mpo-
necca TH, a Toukn C, K u |

TeMmIieparypy ero B konue nporecca Tk. Ha yuactke LM kpuBoii NI ectp
neperud, KOTOPhId 00YCIIOBJICH HAJIOXKEHUEM JIBYX IHAOTEPMUYECKUX I(D(PEKTOB.
[Tnomaan S3k ¥ S3H (3aLITPUXOBAHBI) ABJISIIOTCS KOJMYECTBEHON MEpOW Bellle-
CTBa MaTepuasa, BbI3BaBIICH MOSBICHUE TOrO WK UHOTO 3(dekta. Uem Oomblie
IIomaau S3K M SOHJ, TeM OOJIbIlle 3aTpayuBacTCsl WM BBIJCISETCS TEIJIOBOU
HHEPTUH, BBI3BIBAIOUIEH COOTBETCTBYIOMIMMI A((PEKT Mpu JaHHOUW TeMIiepaType Ma-
Tepuana.
Henocratku JITA:
- TOYEYHBIA KOHTAKT MEXK1y TEPMONAPOUN U TUTIIEM;
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- HU3Kasi BOCIIPOU3BOIMMOCTb 0a30BOi TUHUH;

- HU3Kasi TOYHOCTb IPH OIPENEICHUH IHTAIIBIINY;

- 3HAYUTENIbHO BIMSHNUE KOHBEKIIUY U3TyYEHUs Ha TEIJI00OMEH;

- OTrpaHUYEHHAasi BOCIIPOU3BOIUMOCTb U TOUHOCTb KAJIMOPOBKU SHTAJIBIINHY;

- OLIEHKA Cp BOBCE HETOYHA.

[IpeumymectBa JITA:

- BO3MOKHBI OOJIBIIIME MACChl HABECOK (BaYKHO I HETOMOT'€HHBIX MaTepHa-
joB 110 50 1) ;

- JIETKO€ O3UIIMOHUPOBAaHKE 00pasIia.

3.1Bausinue pazanunbix paxkropoB Ha JITA-kpuBbie

ITockonsky ATA siBiIssieTCSl ONHUM U3 YyBCTBHUTEJIBHBIX METOJIOB M3yUCHHUS
BELIECTB, TO MPHU paboTe Ha MUPOMETPUUYECKON YCTAHOBKE HEOOXOAMMO YUHTHI-
BaTh PsJ IOMOJHUTEIBHBIX (DAKTOPOB, OKA3bIBAIOIIMX BIUSHUE HA 3aIHCh.

1.Paznuuue yoenvHou menionpoeooHoCmu 00pa3ya u 3maioHa

Paznuuue yaenbHOW TEIIONPOBOJIHOCTH 00paslia W 3TajJOHA BBI3BIBAET OT-
KJIOHEHUE U] PepeHInaIbHON KPUBOM OT HYJIEBOW JMHUU. Ecnu TermnonpoBoj-
HOCTh oOpa3ua Oosblie, YeM 3TanoHa To aud@epeHnuanbHas KpuBas HOWIET Bbl-
1I€ HYJIE€BOI JMHUH, U HA00OPOT, €CIIM TEIJIONPOBOJHOCTh 00pa3la MEHbIIE, YEM
3TalloHa, TO JU(depeHnanbHas KpuBasi MOMAET HUXKE.

2. Paznuuue ¢ mennoemxocmu u macce oopasya u 5maiona

Ecnu macca u TeruioeMkocTh oOpasia 0osbliie, 4eM 3TalioHa, To a1uddepeH-
1MajgbHask KpUBas OTKJIOHSAETCS BHU3, U HA00OPOT, €CJIM MEHbIIe, TO JuddepeHun-
aNbHasi KpUBasi OTKIJIOHSETCS BBEPX.

OpnHako, Tak KaKk BEJIMYMHA TEIUIOEMKOCTH MAJIO U3MEHSETCS OT TEMIIEpaTy-
pBI, TO MPU PaBHBIX Maccax oOpaslia U 3TaJoHa U PABHOMEPHON CKOPOCTH Harpena
0asucHas nuHus nudPepeHnnanTbHON KPUBOM CHavyaisa OTKJIOHSETCS OT HYJIEBOM
JUHUM, a 3aTeM TMOWJIET MOYTH HapajuiesibHo eil. Eciau ckopocTh HarpeBa koseo-
aercsi, To U quddepeHnnanbias KpuBas COOTBETCTBEHHO MPUOIMKAECTCS WM yia-
JsieTcsl OT HysneBOM JuHuM. [Ipu O0IBIION pa3HOCTU B TEIIOEMKOCTSAX U Maccax
oOpasua u sTanoHa nuddepeHiranbias Kpuas OyleT YXOAUTh BBEPX WM BHU3
aHAJIOTMYHO CJIYYar0 HEPABHOIUJIEYHOCTH TEPMOIIAPHI.

3.Dopma u mamepuan mueneu

dopMa TUrJIeH OKa3bIBaeT 0OJIBIIOE BIUSHUE HA MHTEHCUBHOCTD U ILJIOIIA b
MOJYy4YaeMbIX NMUKOB. ONTHMAJIbHOW CUMTAETCS MIAPOBUIHASA WA TPYLICBUIHAS
dbopMbl THUTJIEH, IPUYEM CIlad TepMomap JOJIKHBI pacnoJiaraThCsi B r€OMETpUYe-
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CKOM LIEHTPE TSKECTH THUIJIEH, TO €CTh B TOYKE C MUHUMAJIBHOW TEMIEPATYpPOHN
HarpeBa, a XOJIOAHbBIE CIIau HAXOJATCS MOJ] TOPSYUMU. Y BEIHMYEHUE pagryca TUTIIS
(oT meHTpa 10 OOKOBOM CTEHKH) BbI3bIBaeT HM3MeHeHHEe (opmbl Kpuboi JITA
BCJICJICTBME BOSHUKHOBEHHUS Pa3HOCTU TeMIlepaTyp B oOpasiie B Hayaje peakiuu u
3ara3/pIBaHUe BO3BpaTa K 0a30BOi MUHUH B KOHIE peakuuu. C yBeIMueHUEM pa-
JMyca CTAHOBUTCS 0oJiee BRIpKEHHON S-00pa3Has ¢opma nepeaHero GppoHTa M-
Ka.

Pucynok 6 — Turam st TepMUUECKOTO aHJIn3a

upokoe pacrpocTpaHeHHe Mojlyunsa KoHudeckas ¢popma turieid. B non-
HOM 4YacTW MMEETCS HMINA, B KOTOPOMl pacmosiararorcs U (UKCUPYIOTCS Topsyue
criau TepMonap.

Henp3s momemats oOpasel] U 3TajloOH B pa3auyHble O GopMe U pazMepy
THUTJIM, TAK KaK B 3TOM CIIy4yae BO3HUKAET ACUMMETPHS PACIIONOKEHHS TEPMOIIap B
oOpasle 1 3TajoHe, YTO MPUBOAMUT K CUILHOMY UCKaXEHHIO ()OPMbI U YMEHbIIIe-
HUIO TJIONIA U MUKOB Ha kpuBoi JITA.

Marepuanom Juisi TUTJEH vaiie Bcero ciyxat dapdop, maMoT, a Jjs TeM-
nepatyp Bbiie 1000°C - muiatnHa, KOpyHI, OKMCh MarHusi, OKUCh UUPKOHUS U IP.
1 00IlIeM Cily4ae TUIJIM, U3TOTOBJIEHHbIE U3 MaTepuasa ¢ HU3KON TerIonpOBOIHO-
CThIO, 00ECNIEUMBAIOT JIyYIlIee pa3pelieHre MUKa SHAOTEPMUUYECKON peaKlnu, YeM
M3rOTOBJICHHBIE M3 MaTepHala ¢ BBICOKOW TEIIONPOBOAHOCTHIO; B ClIydae 3K30-
TEPMHUUYECKUX IMPOLIECCOB pa3pelIaroniasi CnocoOHOCTh OKa3bIBaeTCs XyJIIed mpu
VICITOJIb30BAaHUM MAaTE€pUAIOB C HU3KOM TEIUIONPOBOJHOCTHIO. Tak Kak peakuuw,
nzydaemole MeTogoM JITA, SBIAIOTCS B OCHOBHOM 3HJAOTEPMHYECKHMH, TO IPEJ-
MOYTUTENbHBIM CUMTAETCS TUIEJIb U3 MaTepuaja ¢ HU3KOW TEIIOMPOBOIHOCTHIO.
CpaBHEHHE KepaMUYEeCKOTO (TOPUCTHIA KOPYH/T) U METAIUTMYECKOTO (HUKEIb) THUT-
Jiell moKa3ano, 4To PHIOTEPMHUUECKUIN MUK 71 KAOJIMHUTA B METAJUIMYECKOM THT-
ne 061 MeHblie (75% 1o OTHOIIEHUIO K KepaMHYECKOMY) U cMelleH Ha 6 % B 00-
JaCTh BBICOKUX TEMIIEPATYP.

4. Benuuuna Hagecku u OUCNEPCHBILI COCMAB 8euecmad

[Ipu cpaBHEHUU KPUBBIX, MOJYYEHHBIX ¢ OOJIBIIUMU U MAJBIMH HaBECKAMH
Ha OJTHOM M TOM k€ 00pasiie, MOKHO HaOJII0AaTh JJIsi OOJBIINX HABECOK OOJIBIIINE
IJIOMIAKHA, COOTBETCTBYIONTUE (Da30BOMY IMPEBPAIICHUIO, HO C SIBHO CTJIa)KEHHBI-

12



MU yTJIaMU Hadaja ¥ KOHIIa mporiecca. J[Jis MambIX HaBECOK HAOMIOAACTCS MEHb-
HIMe TIOMIAJKU, HO C 00Jiee PEe3KO BBIPAKEHHBIMU yriiaMu. OOBICHSAETCSA 3TO TEM,
4YTO B IpOLIECCE€ HArpeBaHUs OOJIBIIUX HABECOK PABHOMEPHBIN MOTOK TEIJIOBOU
SHEPruu OT mepudepun K NEHTPY MPOJ0IDKAETCA JO T€X MOop, MOoKa He OyneT Jo-
CTUTaThCs Temmeparypa ¢$a3oBOro MpeBpalleHus BemecTBa Ha nepudepun. Bes
MOCTYMNAIOIIasl TEIJIOBasi PHEPIUsl MPU ITOM TEMIIEpaType pPacXxOAyeTcs Ha 3TOT
MPOIIECC, CTAIIMOHAPHBIN TETIOBOM MOTOK HAPYIIAETCS M CKOPOCTh HarpeBa Bellle-
CTBa, HaXOIAIIETOCs OKOJIO padouero crasi TepMonapsl, 3amenmsercs. Kpome Toro,
npu OOJBIIUX HaBeCKaX OYCHb 4acTo Ha auddepennuanbHor kpuoil [JITA
HaOJII0AaeTCs TIOJIHOE WIIM YaCTHUYHOE HajloKeHHue 3(PPEeKToB, KOTOPbIE OTBEYAIOT
($a30BbBIM IIPEBpPAILICHUSIM, MPOTEKAIOIIUM MIPU CPABHUTEIILHO OJIM3KUX TeMIlepa-
Typax. YMEHbIIEHUE HABECOK MO3BOJISIET Pa3IeauTh Takue 3(hPEeKThl.

Crenenn ApoOieHHs], a TakkKe Crnoco0y U3MENbUYeHHs] Marepuaia (hcTupa-
Hue, HacTpur u T.1.) B JITA npunaercst 0osibiiioe 3HaU€HHUE, TaK KaKk B pe3yjbTaTe
CYyXOro HMCTHUPAHUST MHOTMX MHHEPAJIOB MPOUCXOJUT YMEHBIIEHHUE CTEIEHHU CO-
BEPIICHCTBA WJIM Pa3pyLICHUE WX CTPYKTYPhl U TMOSABISETCS aMOPQHBIM KOMIIO-
HEeHT. [Ipu 1nuTenbHOM U3MENbYEHUN MUHEPAIOB, HAPUMED TPYIIbl KAOJIUHUTA,
CJIIO/I, CEpPIIEHTHHA, XJIOPUTOB, Cylb(aToB (TUIC) U JAp., TO €CTh MHUHEPAJIOB CO-
JepKauX KOHCTUTYIIMOHHYIO BOJY, MX MOKHO Jake 0e3 HarpeBaHUs JeruapaTh-
pOBaTh U YaCTHUYHO WJIM MOJHOCTBHIO Pa3pyIIUTh KPUCTAIUYECKYIO PEHIETKY, TO
€CTh U3MEHUTH CTPYKTYPY U (PU3UKO-MEXAaHUYECKHUE CBOMCTBA. DT MUHEPAJIbI TE-
PSAIOT KOHCTUTYIITMOHHYIO BOAY U MPUOOPETAIOT aJICOPOITMOHHYIO, OHU CTaHOBSITCS
PEHTIeHOAMOP(PHBIMH.

5. Ckopocmb nacpesa

OmHuM U3 caMbIX CYIIECTBEHHBIX (PAKTOPOB, BIUSIONMIUX HA XapakTep aud-
dbepeHImanpHON KPUBOH, SBIIAETCS CKOPOCTh HarpeBa. CKOpOCTh HarpeBa omnpe/ie-
JSI€TCS BETMYMHOM HaBECKU U CKOPOCTHIO PEAKIMU B UCCIIETYEMOM BEUIECTBE.

Kpome toro, npu BeIOOpE CKOPOCTH HarpeBa CleayeT YUUThIBATh CKOPOCTh
peaKkiuii, MPOTEKAIOIIMX B BEIIECTBE MPU HArpeBaHUU. Tak MpuU HUCCIEIOBAHUU
MEJICHHO TPOTEKAIONIUX IMPOIIECCOB HEOOXOIUMO MPOBOAUTH HATPEBAHUE WITU
OXJIQXJICHUE C HE3HAYUTEIbHOW CKOpPOCThIO. EciiM ke HarpeB BelIeCTBa B ATOM
clly4ae OCYIIECTBIISIETCS OBICTPO, TO COOTBeTCTBYIoMMK ekt Ha kpuBon JITA
MOKET OTCYTCTBOBAaTh WJIM 3HAYUTEIHHO TEPEMEIAThCA B 00JIaCTh TEMIIEpaTyp,
0oJiee BBICOKMX IMPU HArpeBaHUU M 00Jiee HU3KUX MpHU oxjaxjacHuu. M3meHeHue
CKOPOCTH HarpeBa BIMSET Takke Ha xapaktep auddepeHnuanbHol kKpupoil. C
YBEJIMYEHUEM CKOPOCTH HarpeBa MPOUCXOAUT YyBEIWYEHHUE BBICOTHI THKa U
YMEHBIIIEHUE €r0 IMIUPUHBI, TEM HE MEHEE, BEJIMYMHBI IIOMAAU MUKOB OCTAIOTCS
HEM3MEHHBIMH C JIOCTATOYHO OOJIBIIION TOYHOCTHIO, MPHU YCIOBUH IOCTOSTHCTBA

HaBECKM BEIICCTBA.
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6.Ycaoka u ecnyuusanue obpazyos

B npornecce TepmoaHann3a MHOTHE BEIIECTBA MPETEPIICBAIOT YCAAKYy HIIU
BciyunBaHue. 3MeHeHue pa3MepoB o0pasiia BbI3bIBACT UCKAKEHUE €TI0 TEIJIOBBIX
XapaKTEPUCTUK, MOITOMY MPOUCXOAUT OTKIOHEHUE AuddepeHnaIbHO KPUBOit
oT 6asucHou nuHud. [lpu Gonpmux ycaakax oOpasia oOpa3yercs 3a30p MEXIy
CTEHKOHM THUIJISI 1 00pa3loM, YTO BbI3bIBAET NOsiBIeHUE Ha KpuBoil JITA Tak Ha3bI-
BaeMoro JoxHoro 3ddexra. B psge ciydaeB TepMoaHaIn3 COMPOBOXKIACTCS BBI-
JieNieHneM U3 o0pasiia ra3oBoil ¢asbl, KOTOpas, BCIyYHBas €ro, Takke CHoco0-
CTBYET 3HAUUTEJIIbHOMY OTKJIOHEHHUIO KpuBOil JITA oT 6a3uCHOr0 NOJ0KEHHUS.

YacTuyHOE yCTpaHEHUE YCAJOYHBIX SBJICHMM M BCIydMBaHUs oOpasia B
Ipoliecce TEPMOAHANIM3a BO3MOKHO MyTeM pa30aBieHUsI UCCIEAYEMOro BEIIECTBA
WHEPTHBIM MaTepuasioM (Harpumep, o-Al203).

3 TepMorpaBuUMeTpHYECKHHA AHATH3

Tepmorpasumerpus (TT') — meToa TepMUYECKOro aHaIU3a, IPU KOTOPOM pe-
TUCTPUPYETCS U3MEHEHHE MacChl 00pasiia B 3aBUCUMOCTU OT Temmeparypsl. [lo-
Jdy4yaemasi 3aBUCUMOCTb I103BOJISIET CYyIUTh O TEPMOYCTOMUMBOCTH U COCTaBE Be-
IIECTBA B HAYAJIbLHOM COCTOSIHUHM, Ha IPOMEXKYTOUHBIX CTaJIUsAX Ipoliecca U O Co-
craBe octaTka. MeToq 3¢ (heKTUBEH NPHU yCIOBUH, UTO 00pa3ell BhIACISIET JETYyUHe
BEIIECTBA B pe3ynibTare (HU3MUECKUX WM XUMHUYECKUX MPOIECCOB B HEM. B KoH-
CTPYKIIMIO MPUOOPOB TEPMOTPABUMETPUU BXOASIT TEPMOBECHI, C MOMOIIBIO KOTO-
pPBIX HENpPEpPBIBHO H3MepsieTcsl Macca oOpasilia, Ipu 3TOM 00paszel HarpeBaercs

(puc.7).
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Pucynok 7 - Cxema yctaHoBku Juist mpoBeaeHust TI' ananuza
DTOT METOJ aHalu3a 3aKII0YaeTcs B HAOIIOACHUM MAacChl HCCIEAyeMOil
HABECKH BEILECTBA IPU M3MEHEHMU €€ TeMIleparypsl. Pe3ynbraTom aHanmsa sBis-
101cs TT-KprBBIE — 3aBUCUMOCTH MacChl HABECKHU (MJIM M3MEHEHHSI MacChl HaBeC-
KH) OT TEMIIEpaTypbl WK BpeMeHU. [ unTepnperauu pe3yiabraroB TI -ananmza
HeoOxoauma obpabotka TI-kpuBbix. B wacTtHOoCcTH, mpousBoaHas ot TI-curnana
(CKOpOCTh U3MEHEHUSI Macchl), mpeactaniasieMas kpuBoi JTI, mo3BosiseT ycTaHo-
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BUTh MOMEHT BPEMEHU WJIU TEeMIIepaTypy, IpH KOTOPOH M3MEHEHHE Beca MpPOHC-
XOJIUT HanboJjee OBICTPO.

TI'-aHaaM3 MIMPOKO HCIIONB3YETCS B HCCICAOBATEIIBCKOM IMPAKTHKE IS
OTIPEICIICHHS TEMIIEPATYPhI IeTPATAlMH TIOJUMEPOB, BIAKHOCTH MAaTepHajIoB, JI0-
JI OPTaHUYECKUX ¥ HEOPTaHUIECKUX KOMITOHEHTOB, BXOJISAIIUX B COCTaB UCCIETY-
€MOTO BEIECTBA, TOUYKHU Pa3JI0KEHUS B3PBIBUATHIX BEIIECTB U CyXOTr0 OCTaTKa pac-
TBOPEHHBIX BEIIECTB. METO TaK)Ke TPUTOICH IS ONIPEACIICHUS CKOPOCTH KOPPO-
3WH TPU BBICOKUX TEMIIepaTypax.

3.1 ®akrTopsbl, Bauswmue Ha TT-kpuBbIe

Kak u B m1000M Ipyrom Metoje MU3MEpPEeHHil, B TEPMOTPaBUMETPUU CYIIle-
CTBYET MHOTO (DAaKTOpPOB, BIMSAIOIIMX HA XapaKTep, BOCIPOU3BOAMMOCTb U TOY-
HOCTb P€3yJIbTaTOB AKCIEpUMEHTa. DAKTOPBI, KOTOPbIE MOT'YT BIIUATH HA XapakTep
TI" kpruBOW MOXHO Pa3AEIUTh HA JABE IPYMIbl. ITO (PAKTOPHI, CBSI3aHHBIE C U3ME-
pUTENBHBIM MPUOOPOM U (PAKTOPBI, CBSI3aHHBIE C XapaKTEPUCTHKON oOpasma. K
MEPBBIM MOYKHO OTHECTU CKOPOCTh HAarpeBaHUsI €YU U CKOPOCTH 3aIIKCH.

MHuorouncienasle uccienoBanus mokazanu, 4to (Tx-Ty) mpu OwsicTpom
HarpeBe > (Ty-Ty) npu MeaJIeHHOM HarpeBe. ITO 3HAYUT, YTO JIJIS JIFOOOTO 3aJ1aH-
HOT'O MHTEpPBaJIa TEMIIEPATyp CTENEHb PA3JIOKEHUS OJTHOTO U TOrO K€ 00pasla npu
MEJIJIECHHOM HarpeBaHUM OOJIbIIE YEM MTPU OBICTPOM.

Kak mpu ObIcTpoM, Tak W MpPU MEJIECHHOM HArpeBaHWU CKOPOCTh 3aMHCH
KPUBBIX H3MEHEHUSI MAacChl MOXET 3aMEeTHO BJIUSITH Ha (popmy KpuBbiX. Tak,
HaIrpuMep, C YBEJIMYEHUEM CKOPOCTH 3alHUCH, KpUBas PEAKUHUHU MEIJIEHHOTO Tep-
MHUYECKOT'0 pa3JIo;KEHUsl CTAaHOBUTCA OoJiee mojoroil. B Tom ciydae, korna 3a men-
JICHHOM peakiuei cienyeT ObICTpasi, TO MPU MEHbBIIEeH CKOPOCTU 3alUCH OHH Pa3-
JIEJIEHBI MEHEE YETKO.

Macca o0pasia Biusietr Ha xoa T1" kpuBOii:

1) BcieacTBUE OTKIOHEHUH M3MEPEHHUs TeMIepaTypsl oOpasiia OT JMHEHHOro 3a-
KOHa NpPH SHAOTEPMUYECKOM WIM SK30TEPMUYECKOM peakiuu (4eM OoJblie
Macca o0pasiia, TeM 0oJIbIlie OTKIOHEHHUE);

2) BCIIEICTBHE Pa3IU4Uil B CKOPOCTH AU QPy3un 00pa3yroIIerocs rasa yepes my-
CTOTBI MEXK1y TBEPJbIMU YaCTUIIAMU;

3) BCIIEACTBHE CYIIECTBOBAHUS OOJBIINX TPAIUCHTOB TEMIEPATyPhl BHYTPH 00-
pasia, 0COOEHHO €CJIH €T0 TEeTUIONPOBOAHOCTh HU3KASL.
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Pucynox 8 —Bimstare maccel HaBecku (a) u ckopoctu HarpeBa (0) Ha TT kpuByto
HcTouHrKOM OIIMOOK SBISIOTCS TaKXKe:
o BBITAJIIKMBAIOIIAs cuiia Bo3Ayxa. [110THOCTE ra3oBoil (ha3bl yOBIBaeT C BO3-
pactanuem Temmneparypsl. Tak, Hanpumep, npu temneparype 300 °C sta mioT-
HOCTh H, CIJIEIOBAaTEIbHO, BBITAIKUBAIOIIAs CUJA, JEHCTBYIOIIAs Ha oOpaser
YMEHBIIAETCS TPUMEPHO B 2 pa3a MO CPABHEHHUIO C COOTBETCTBYIOIIMMU BEIUYU-
Hamu 1ipu 25 °C. B atMocdepe Bo3ayxa 3TO MPUBOIUT K KAKYIIEMYCS H3MEHEHUIO
Macchel Ha ~ 0,6 Mr/cM3;
o KOHBEKTUBHBIEC TTOTOKU U TypOYJIEHTHOCTh B TMeud. Bo3aMoxkHOE Kaxylieecs
YMEHBIIIEHUE MacChl OOYCIIOBIICHO JaBJICHHEM Ha oOpasell HampaBJIEHHOTO BBEPX
MOTOKA BO3/lyXa, a «yBEJIMYEHHUE» MACChl BO3MOXKHO H3-3a TYypOYJIEHTHOCTH BO3-
JIyIIHOU CTPYH;

o Ciy4aiiHble KOJIeOaHUs 3aMChIBAIOIIETO YCTPOMCTBA U BECOB;

o HWHYKIIMOHHOCTh TIEYH;

o BIIMSIHUE DJIEKTPOCTATUYECKUX CHUJI HA BECHI;

o U3MEpEHUEe TeMITepaTyphl U KaTHOPOBKa;

o XUMUYECKOE B3aMMOJICHCTBHE 00pa3iia ¢ MaTepraioM KOHTeHHepa.

J1J1st TIOBBITIIEHUSI TOUHOCTH TEPMOTPABUMETPUUECKUX JAHHBIX HEOOXOAMMO
BBOJIUTH TOTPABKU JUIsl y4eTa OIMUOOK, WIH, 10 KpalHeld Mepe, MpUOIU3UTEITHHO
ONPEAEIUTh UX BEJIUYUHY.

4 JInddepeHnnanbHO-CKAHUPYIOIIAS KAJOpUMepuUsi

C nomompto muddepenunansioil ckanupyromen kanopumerpuu (CK)
MOKHO OTIPEIEIUTh U3MEHEHUE TEMIIEPATyphl U SHTAIBIINH, TPOUCXOsIIEe B 00-
paslax TBEPAbIX TEN W KUIAKOCTEH MPHU UX KOHTPOJIMPYEMOM HArpeBe WM OXJja-
xnaenud. JICK sBnsiercst HanOosee 4acTo UCTOIb3yEMbIM METOJIOM B TEPMUYECKOM
aHanuse. bpicTpoTa noy4yeHus pe3yabTaToB aHallM3a, O0NbIIOE 3HAYCHHUE AJIs pe-
IICHUS HCCIEeIOBATENIbCKUX 3aJad W KOHTPOJISI KauecTBa ChIPhS U MPOAYKLHH,
y00CTBO B 0OpaleHuu 00yClIaBIMBaAIOT €r0 YHUBEPCAIBHOCTh. MHOTHE CTaHaap-
ol (ASTM, DIN, ISO ) mMoryT OBITh UCIOJB30BaHbl B KAYECTBE PYKOBOJICTBA IS
KaTuOpOBKM TMpUOOpa, a TaKkKe I CHEIHATbHBIX MPUMEHEHUH, OpUEeHTUPOBaH-
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HBIX Ha 0COOBIE MaTePHaIIb, TPOIYKITUIO, WU JJI OIEHKH TOJyYEeHHBIX Pe3yJIbTa-
TOB M ux wuHTepnperanuu. Tunuunele npumenenus JICK: mnaBnenue-
KpUCTaUIM3aIus, noauMopdusm, $ha3oBbie TUarpaMmbl, MEPEX0Ibl B )KUJKUX KPH-
CTaJlJlaX, YUCTOTa MaTepUaoB, KPUCTAIUIMYHOCTh MOJYKPUCTALTMYECKUX MATEePH-
aJIoB, COOTHOIICHHE TBEPA0E TENO-KUIKOCTb, (Da30BbIE MEPEXO/IbI B TBEPAOM TEIIE,
nepexoabl CTEKJIOBAaHUS, YAENbHAs TEINIOEMKOCTh, CTPYKTypOOOpa3yIolue peakx-
IIUH, OKUCITUTENbHAsl CTAOUIBHOCTD, HAYaJIO Pa3I0KEHHUS.

DSC Kuvimg) DSC guvimg]
15 do0

Pucynok 9 — Brnusinue ckopoctu (a) u cpenbl cheMkH (0) Ha [ICK-kpuByto

[Tpunumn neiictBua JCK TeninoBoro moToka OCHOBaH Ha CO3JAaHUU OJIHO-
POJHOTO TEMIIEPAaTypHOTO ToJs B redyn kajgopumerpa (puc.10). B ceHcope, BbI-
MOJIHEHHOM B (opMe JUCKa, PACIPOCTPAHSIOTCS pPaBHBIC TEIUIOBBIE MOTOKH,
HaIlpaBJIeHHbIC K HCCIIeyeMOMY 00pa3ily U K dTajJoHy. EClid TermI0eMKOCTH CTO-
pOH o0pa3la 1 3TaJIOHAa Pa3INYA0TCS WU, €CJIM B 00pa3lie TPOUCXOIUT MOIJIONIe-
HUE€ WU BBIICJICHHUE TEIUIa, T.€. U3MEHEHHE TEIUIOBBIX IMOTOKOB BCieACTBUE (ha3o-
BBIX TMIEPEXOJIOB WJIM PEaKIMi, TO BCE ATO MPUBOAUT K BO3HUKHOBEHUIO TEMIIepa-
TYpPHOTO TpPaJMEHTa BHYTPU CEHCOpPA, SIBIAIOLIETOCS XOPOIIMM MPOBOAHUKOM.
UyBCTBUTEIIbHBIE TEMIIEPATYPHBIE CEHCOPBI PETUCTPUPYIOT 3TU T'PATUEHTHI U U3-
MEpSIIOT, TAKUM 00pa3oM, OYeHb OBICTPO U TOYHO JHOO0OE€ M3MEHEHHE TEIJIOBBIX
MOTOKOB. Takue OTKJIOHEHHUs OTOOpaKaroTCs HAa TOPU3OHTAIBHOM 0a30BOM JTMHUHU
KJIOpUMETpa B BUJIC IK30TEPMUUYECKUX WIM SHIOTEPMUUYECKUX MUKOB WM CTyIIE-
Hel U 00pa3ytoT KpuBYto U epeHInalIbHOTO TEMIOBOT0 MOTOKA.

NoToxXM TeNNOTW I o TOOMMIOCKOD CONDOTHRMIOMNE

T CucTema Harpeaamns
b M OXNAaneHuR

Pucynok 10 — Cxema yctanoBku auddepeHImaibHO-CKaHUPYIOIIEro Kajo-
puMeTpa
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S AHaym3 TepMOrpaBUMETPHYECKUX KPUBbIX
5.1 KauecrBennasi ouenka TT' kpuBbIx

KauecTBennsiii ananu3 TI' KpuBBIX OCHOBAH Ha JIBYX MPUHLHUINAX: IPUHIUIIE
COOTBETCTBHS U IPUHIHUIIE XaPAKTEPUCTUYHOCTH.

[IpyHIMI COOTBETCTBHS 3aKIIOYAECTCS B TOM, YTO KAXKJIOMY W3MEHEHMIO
Macchl TIPOOBI B MpoOIecce HarpeBaHUs (OXJITaKICHHs) COOTBETCTBYET CKaueK Ha
kpusout TT.

[TpuHIMI XapaKTEPUCTUYHOCTH 3aKJIIOYAECTCS B TOM, YTO TEeMIEpaTypHbIN
MHTEPBAJI U KOJIMYECTBO U3MEHEHHUS MACCHI JIJISl KaXKO0TO BEUIECTBA CTPOTO Xapak-
TEPHBI.

Bce BemecTBa MMEOT MHAMBUIYAIbHYIO TEPMHYECKYIO XapaKTEPUCTHUKY,
KOTOpasi OTPAXKAET €ro MOBEJICHUE NIPU HAarpeBaHUM (OXJIAXKICHUH), 3aBUCALIEE OT
COCTaBa, CBOMCTB, CTPYKTYPbI, MEXaHU3Ma U KUHETUKHU MPEBPALLECHUS.

Takum 00pa3oM, MO KPUBOM MOYXHO IMOJTYYUTh KaYECTBEHHYIO XapaKTEpH-
CTUKY HCCIIETyEMOTIO BEIIECTBA.

[Tog xauecTBEeHHBIM (Pa30BBIM AHAIM30M MOJPA3yMEBACTCS OIpE/EICHHUE
OTZIEJIBHOTO MUHEPAJIBHOTO BHJA WM €r0 Pa3HOBUIAHOCTEH MO TEPMUYECKUM Xa-
paktepuctukam. KauecTBeHHbIN (ha30BbIN aHAIN3 OCHOBBIBAECTCSI HA TOM, YTO TEp-
Muyeckre 3((PEeKThl U XapaKTEpHbIE 11 HUX TEMIEpPaTypbl OCTAIOTCS HEU3MEH-
HBIMU HE3aBUCHMO OT TOTO, HAXOJIUTCS JIM BEIIECTBO B YNCTOM BHUJE WA CMECH C
JPYTUMHU BEUIECTBAMH, €CJIM TOJILKO OHM HE BCTYNAKOT MEXAY COOOI0 MpHU TEeMIIe-
paTypax aHalli3a B XUMHUYECKYIO PEaKIUIO U He 00pa3yloT TBEPABIX PACTBOPOB.

IIpouecc TI" aHanmr3a COCTOUT B OCHOBHOM M3 JIBYX 3TAIlOB:

1) TexHUYECKOE BBHIMOJTHEHUE aHAIN3a U 3aTUCh KPUBOW;

2) pacmdpoBKa KPUBOH.

[Ipu ananmuze TepMorpamMmy HMCCIEAYEMOrO BEIIECTBA CPABHHUBAIOT C KpH-
BBIMU «CTaHAAPTOB» - YUCTBIX MUHEPAJIOB (COJE) U MO XapaKTepHbIM TEpMHUE-
ckuM 3¢ ¢deKTam OompenenstoT NPUCYTCTBUE UX B UcciaeayeMoM marepuane. Kpu-
BBIE «CTAaHJIAPTOB» NPUBOAATCSA B COOTBETCTBYIOIIMX CITPABOYHUKAX.

MOXHO TIOJIb30BATHCS TaK)KE CIPABOYHBIMU TaOMUIIAMU, B KOTOPBIX IS
pa3TUYHBIX MUHEPAJIOB YKa3aHbl XapakTepHbIe TepMuueckue 3(HQPeKThl, COOTBET-
CTBYIOIIIME UM TEMIIEPATyPHbIE HHTEPBAJIbI, a TAKKE U3MEHEHUE BECa.

Takum oOpa3om, Ipu MPOBEACHUH Ka4eCTBEHHOTO aHAIIU3a, HE0OXO0IMMO Ha
MOJIYYEHHOHU JKCIIEpUMEHTAIBHOM T KpUBOU OINpenenuThs TEMIIEPATypy Havyalla u
koHIa »¢dekra. [lo mosrydeHHBIM JTaHHBIM TIO CIPABOYHUKY WJIM TIO TaOJauIlaM
ONpeeIAeTCs IPUPOJa UCCIEAyeEMOTO BellecTBa. Hanprumep, ecnu mpu nposeze-
HUU TEPMOTPABUMETPUYECKOTO aHanmu3a Oblia mosydena TI' kpuBasi, Ha KOTOpOU
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NOTEPsl BeEca COOTBETCTBYET TPeM TemmepaTypHbiM uHTepBaiam: 170 — 210; 400 —
450; 500 — 530 °C, To cpaBHEHHE TOJYYEHHBIX JaHHBIX ¢ TAOJIUIICH, YKa3bIBAaCT Ha
TO, YTO MCCIIEyEMbIM BEILIECTBOM SABJISIETCS] TUPOKApOOHAT MarHusl.

Bosnpiine 3atpyaHeHns Ipu MPOBEICHUHN KAUECTBEHHOIO aHAJIM3a BbI3bIBACT
MHTEpIIpETalusl TEPMOIPAMM BEIIECTB, UMEIOIINX CXOJIHbIE TEPMUYECKHE Xapak-
TepucTukd. Ciaeayer OTMETUTh, YTO ISl BBIABJICHHS KaU€CTBEHHOIO COCTaBa Be-
IIECTB MCMOJb3yeTCS HE OJWH KaKOH-TnOO METOMA, a HECKOJIbKO. Tak, Tepmorpa-
BUMETPUS, KAK IIPABUIIO, IPUMEHSAETCS OMHOBpEMEHHO ¢ meToaoMm JITA.

Pacwugposxa kpueswvix

XapakTEepHbIMU TE€OMETPUUYECKUM 3JIEMEHTAMU TEPMOTPABUMETPUUYECKOM
kpuBoit (TI') mist ogHOCTaAMiItHOTO paznoxenus (puc.1ll) seusrorcs: Touka B, npu
KOTOpPOM HauyMHAETCS pasliokKeHue , T.e. 3To Temneparypa (T1), mpu kKoTopoii 3a-
METHO oO1Iee u3MeHeHue macchl; Touka C, COOTBETCTBYIOIIAs OKOHYAHHUIO peak-
uuu npu temneparype Tz, Korja M3MEHEHUE MacChl JIOCTUTAeT MaKCUMAJIbHOTO
3HaueHuda. Touka Ts sBnsercsa Toukoil nepernda kpuBoit BC n nMmeeT BaxxHOE 3HA-
YEeHUE NPU W3YyUYCHUM KUHETHUKHU Mpolecca pasyiokeHusd. TeMrepaTypHblil UHTEp-
BaJI, B KOTOPOM NPOTEKAET COOTBETCTBYIOIIASA PEAKILHUS, OMPEIEIACTCS KaK pas-
HOCTh HAYAJIbHOM U KOHEYHOU TeMneparyp, T.e. T1-To. g sapgorepmudeckux pe-
akuui paznoxkeHus T1 u T, BO3pacTarOT C yBENMYEHUEM CKOPOCTH HArpeBa, MpH-
yec Ty, pactet ObicTpee, uem T1.

Macca

Wl LYl )

30,300 770
—l-i

Pucynox 11- TepmorpaBumeTpuueckas KpuBas

[Ipu pacumdppoBKke HHTETPATBHBIX KPUBBIX IMOTEPU BecCa B MPAKTUKE TEPMHU-
YEeCKOro aHaJlh3a MUHEpaJbHBIX 00pa30BaHUIl OYEHb YACTO BO3HMKAIOT OOJIBIIHE
TPYJIHOCTH, OCOOEHHO B CJIy4ae YaCTHYHOI'O MEPEKPHITUS MPOLECCOB PA3IOKEHHUS,
NpPUHAAJICKAIINX Pa3HbIM KOMIIOHEHTAM aHAJIM3UPYEMON cMecH. 3HAUMTENIbHOE
oOJieryeHre B MHTEPIOJISILIMKM MPOCTOM KPUBOM MOTEPH BECca IPHU ATOM JAET MOYy-
yenue auddepenuuanbHoi kpusoit (ITI), kotopast siBisieTcss rpapuyeckoil mpo-
U3BOJHOMN MO TemriepaType (BpeMeHH) OT (PYHKIIMH U3MEHEHHUS Beca HUCCIeTyeMO-
IO BEIECTBA.
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5.2KonuvecTBeHHAas] OLIEHKA TEPMOTPABUMETPHYECKHX KPUBBIX

[To cBOEil CyIIHOCTH TEPMOTIPABUMETPHUSI SIBISIETCS KOJIMYECTBEHHBIM METO-
JIOM aHalin3a, MOCKOJIbKY € €€ MOMOIIbI0 MOKHO TOYHO ONPENETUTh U3MEHEHUE
Macchl. TakuM 00pa3oM, ¢ MOMOIIbIO TEPMOTPABUMETPUUYECKUX KPUBBIX MOKHO
OTIPEICTUTh KOJIMYECTBEHHBIN (ha30BBIN COCTAB PA3TMYHBIX BEIIECTB.

KonudecTBeHHass OIEHKA MPOBOAMTCS IMOCIE KAYECTBEHHOW HIEHTHU(UKA-
IIUU MCCJIETyeMOr0 BEIIeCTBAa. 3HAUEHHUE COCTaBa MCCIIEyeMOro BEIIECTBA MO3BO-
JISIET IPOBECTH KOJMYECTBEHHOM OIpE/ICIICHHE.

Taxk, Harpumep, €ciii YCTAaHOBIIEHO, YTO UCCIIENYEMOE BEIIECTBO TIMHUCTHIX
MHUHEpaIOB cOCTOUT u3 KaosmHUTa Al,03-2S10,2:2H,0, To MOXKHO ONpeieIuTh ero
KOJIMYECTBO B Mpooe.

[Tycts mo kpuBoii TI' ycTaHOBIIEHO, UTO B MHTEpBaNe Temrieparyp 550 —
600 °C nmoreps macchl cocraBisieT 12 %. 1o nurepaTypHbIM JaHHBIM H3BECTHO,
YTO B ATOM MHTEPBAJIC TEMIIEPATyp MPOUCXOAUT JACTHIpATAINS KAOJUHUTA C TTOTe-
pent 13,9% maccel.

CocTraBHB COOTHOIIEHUE:

13,9% H,0 conepxurcs B 100 % xaoauHuTa

12 % H,O conmepxuTcs B HaBeCKe, cocTosmel u3 X % KaoJuHUTA ornpese-

JIUM CoJiep KaHue KAaOJMHUTA B TIMHUCTOM MHUHEpAaJe:
12x100

X = T,‘) = 86,33 %

CnenoBatesibHO, B HCCIIeIyeMOi HaBecke HaxoauTces 86,33 % kaoauHUTA.

Ecnu B oOpasue npu HarpeBaHuM (OXJIXKIECHUU) MPOUCXOIUT pPEeaKUus, co-
MPOBOXKAAIOIIASACSI HE3HAUYNUTEIbHBIM UMEHUEM MACChl, MJIM PEAKIMK MPOTEKAIOT B
OJIM3KUX MHTEpBajIax TEMIIEpaTyp M OTYACTH MEPEKPBHIBAIOTCS, OJHOBPEMEHHO C
TT" ucnonws3ytores auddepennmansubie TI' KpuBbIE, YTO MO3BOJSET TOYHO YCTa-

HOBUTHb USBMCHCHHUC MaCCBI.

6 JlabopaTtopnasi paGora

OCHOBbI TEPMHMWYECKOI'O AHAJIM3A. HUCCIEAOBAHHUE
TEPMUYECKHUX CBOWUCTB TBEPJbIX HEOPIAHUYECKHX BE-
IECTB.

eau padoThI:
1)  O3HaKOMHTBCS C CYNIHOCTHIO METOJIOB TEPMHUUECKOTO aHAJIU3a JJIsl MOJTy4e-
HUS KAQ4eCTBEHHOM M KOJWYECTBEHHON WHEMOPMAIIMN O TEPMUUYECKUX CBONCTBAX
TBEPBIX MaTEPUAIIOB.
2)  TloHSATH OCHOBHBIC MPUHIUIBI PAOOTHl COBPEMEHHBIX MPUOOPOB TepMUYE-
CKOrO  aHaju3a, BKJIOYas TEPMOTpaBUMETpPUUECKU, auddepeHImanbHo-
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TEPMHUUECKUN aHAJIM3aTOPbl, CKAHUPYIOIIHUE KaJOPUMETPHI U MPUOOPHI CUHXPOH-
HOI'O0 TEPMHUYECKOTO aHaJIN3a.

3) [TIpoBectu KauecTBEHHBIN aHaU3 KpUBBIX JITA M KOJUYECTBEHHBIN aHAIN3
kpuBbix TT'-JITT.

MeToauka BbINOJHEHUS PAa00THI
1. TloaroTtoBka mpoOsI 1 MprubOpa K padoTte
N3yuuB KOHCTPYKLUIO NMpUOOopa M (haKTOphkl, BIUAIONIME HA TOYHOCTh 11" KpuBOit
MO’KHO MPUCTYIUTh K NOJATOTOBKE K padoTte. j11 3TOro He0o0X01uMo:

o bepercs npoba ucciemyemMoro BemecTBa U 3aMUChIBAIOTCS B pabovylo TeT-
paab pe3yabTaThl BHEIIHETO OCMOTPA (LIBET, arperaTHOE COCTOSIHUE U JIp.);

o [Ipob6a moaroraBnuBaeTcs K aHaAIM3y (pacTepeThb, MPOCesiTh, €CIU 3TO HEOO-
XOJIUMO);

o B nporpamme 3amarorcs mapameTpbl ChbeMKH (CKOPOCTh, HaualbHas U KO-
HEYHAas TeMIEPaTyphl U T.1.);

o [ToaroraBnuBaercs HaBecka i aHanu3a (10-20 mr);

o AKKYypaTHO, HCIOJb3ysl IHHIET, IYCTOM W YUCTBIM THUIENb IOMENIAETCS
BHYTPb II€YH TEPMOAHAIN3ATOPA;

J Bec turns oOnynsercs;

o Uccnenyembiii o0pa3el; moMeniaeTcs B TUTENb, JJIsl STOT0 TUTeJIb BEIHUMA-

eTcsl U3 Meuu, B TUreidb OMeIaeTcs: oopasel, Janee TUreslb BO3BpallaeTcs B Aep-
JKaTellb BHYTPU [€YX TEPMOAHAIIN3aTOPA;
o 3akpbIBaeTCs KPHIIIKA [IEYH;
o [Tocne npoBeaeHUs MEPEUUCICHHBIX BBIIIE ONEpaluii, TepMOaHaIn3aTop ro-
TOB K pabore.
2. O6paboTKa pe3ynbTaToB

Ha ocnoBanuu nonyuennsix TI" u quddepennnansuoit TI' kpuBoii. onpese-
JsieTcsl TeMIiepaTypa Hayana u KoHua 3g@exroB norepu maccol. [1lo remnepatyp-
HbIM HHTEpBajaM 3(QexTa noTepu Macchl ¢ MOMOIIbIO TAOIUIBI (CM. MPUIIOXKE-
HUE) OINPEAEIISIETCS HCCIETyEMOE BEILIECTBO.

[To TT kpuBoii (puc.12) onpenensieTcs BeJIMYUHA TOTEPH MACCHI JUIS KaXKI0-
ro a¢dexra u Ga3oBbIii COCTAB UCCIECTYEMOTO BEIICCTRA.

Pe3ynbTaThl 3anuceBatoTCs B TaOIUILY 2:
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DSC

mW/m

. g Y o

L4
00 400 a0 800 1000 1200

Temperature, *C

Pucynok 12 — TT-JICK xpussie ucciemyemoro oopasma Kapoonar 1

OdopmiieHre 1a00pPaTOPHONA PAOOTHI:

1. 3anuchIBaeTCsl Ha3BaHUE J1TAOOPATOPHOM PabOTHI, LIETU, KPATKOE COJEpIKa-
HUE TEOPETUYECKON YacTH, METOIMKA TPOBEACHUS paOOTHI.
2. [lepenmcriBaeTcs Tabnuia 2 ¢ pe3yabTaTaMu Ui puc.12 U aHAIOTUYHO 3a-
TIOJTHSACTCS MycTast CTpoKa Jiist oopasia Kapoonar 2 (puc.13).
Conepxanue kapOOHATOB pacCUUTHIBACTCS 1O hopMyIie:

noreps Maccel B uHTepBaJsie 600 — 900°C

44
44% 6epetcs u3 pacuera Ha 100% KabIuT.

CaCO3 =Ca0 + CO,
44% CO; conepxkurcs B 100 % kaapiure

41% CO; comepkHUTCS B HaBecKe (IIsl MEepBOTO oOpasiia), cocTtosmed u3 X %
KaJIbIUTAa, OTPEICIIUM COJIepPIKaHNe KaJIbIUTa:

x= 200 _ o 2 %
T 044 T
3. Hamucate BBIBOJ 110 JTabopaTopHOM paboTe.
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Mass, %
100 4

70 4

1.51 %

t=850"C

4127 %

DSC
mwW.

200 400 o L e ]

Temperature, *‘C

1000

1200

Pucynok 13 — TT'-JICK xpuBsie ucciemyemoro oopasia Kapoonar 2

Tabmuia 2
Pe3yabTartsl ucciaenopanus repmorpapumerpudecknm (TT-ATI) meTogom

HuTepBanst remneparyp (MakcuMyMm sddekra, °C)

OOm1ast moteps
Macchl B HHTEpBa-

Conepxanue
KapOOHATOB B

M
wHepal oTepst Macchl, % Macc. ne 30-900 °C, % HiepecHete fa
KaJIBIIMT,
Macc. % vace
30-600 (-) 600-900 (850)
Kapo6onar 1 2.00 41,00 43,00 93,2
Kap6onar 2

(-) - sIBHO BBIp@)KEHHOTO MaKCHMyMa TEPMHYECKOTO MPEBPAICHUs HE HaOI0aaeTcs
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KoHTpoJibHBIEC BOIIPOCHI.

o o B~ W e

[lonsitue MCTOAAa TCPMHUYCCKOI'O aHAJIN34d.
MCTOI[I)I TCPMHYCCKOT'O aHAJIN3a. Kakue ObIBArOT M YeM OTIIMYAIOTCS?

Meton nuddepenmanbHOro-TepMUIECKOro ananu3a. B yem 3axmrouaercs?
Yto BIMSET HA KPUBBIE TEPMUUYECKOTO aHATN3A.
[Tpunuun neiicteusa JJCK

Kaxk npoBoauTcst kKauecTBeHHAsI M KOJIMYeCTBEHHAs orieHka T KpuBbIx?
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Tepmuueckue 3¢pGHeKTbl HEKOTOPHIX MUHEPATIOB

[MTPMJIOXKEHUE

HaumenoBanue dDopmyJa Mu- Temneparypa 3¢- Hpupona 3¢ppexra
MHHepaJja HepaJia ¢pexTa, °C
1 2 3 4
Kanpuur CaCO3 (-) 860-920 Hucconmarnus (44 %
CO»)
AparoHuT CaCO3 (-) 390-420 [MonmumopdHoe npepparie-
HHE B KaJIBIUT
(-) 860-920 Hucconmarus (44 %
CO2)
Maruesut MgCOs (-)540-710 Hucconmarnus (52,2 %
CO2)
['unpokapOoHar MgCO3-3H20 (-)170-210 Herunparanus (oTepst
MAarHus 2H;0)
(-)400-450 Herunparanus (moreps
1H20)
(-)500-530 Hucconmanus MgCO3
(+)530-600 Kpucrammusamus amopd-
Horo MgO
Jlonomur CaMg(CO:s3): (-)730-790 Pacmang momomura Ha
CaCO3z u MgCO3z u
Huccormarus MgCOs
(23,9 % CO2)
(-)830-940 Huccormaius CaCOs
Bpycur Mg(OH): (-)405-450 Jerunparanus (moteps
31% H20)
I'uapoxcu Ca(OH): (-)530-580 Jleruapararus
KaJIbIIUs
(mopTIaHauT)
Kenezuctsrit (Mg,Fe)CO- (-)500-590 Jucconmarnus
MarHe3uT (+)755 Oxwucnenue FeO no Fe203
['mapomaruesur MgCOs-Mg(OH) (-)275-375 Herunparanus Mg(OH):
2:3H20 (+)510
Jlmokcua Kpem- SiO; (+)115-117 [TpeBpameHue TpuIMMHATA
HUS o1—P1
(+)155-163 [TpeBpateHre TpuIMMHUTa
B1—p2
(+)220-280 [IpeBparenue kpucrobda-
auTa a—f
(-)573 [TpeBpareHre KkBapiia

a—p
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1 2 3 4
JIBYBOIHBII CaS04:2H20 (-)100-120 [Torepst ancopOIMOHHOM
THIIC BO/JIBI

(-)220 [Toreps 0,5H20
(-)240 [Toreps 0,5H.0
(+)380-420 Nusepcust CaSO4
(-)1180-1200 [TonumopdHoe mpeBpaiie-
HHE
AHruapur CaSOq4 (-)1190 [Monumopduoe
npeBpaIlcHIe
[TomyBOHBIIM a-CaS04-0,5H20 (-)160 Jeruaparanus mpuMecH
THIIC (-)240 (moteps 0,5 H20)
(+)380 WuBepcus aHruapura
Kaonuaut Al>03-2S102-2H20 (-)550-610 Jerunparanus
(+)925-1000 Kpucrammuzarst
aMOp(HBIX IPOITYKTOB,
(+)1200 00pa3oBaHUE MYJUIATA
OobpazoBanue
KpUCTOOQINTA U
a- Al203
[anmyasur Al203-4Si02-nH20 (-)100-120 AncopOuronHas Boja Jle-
(-)450-500 THIpaTarHsI
(+)925-1000 Kpucrammuzarst
aMOp(HBIX TPOITYKTOB
MOHTMOPHILIO- K20-3A1,03:6Si0- (-)150-175 Ancop6rmonnas Boza Jle-
HUT 2H,0 (-)500-700 THpaTAIHS
(-)800-900 Jerunparanus
(+)915-1000 Kpucrammu3zarust
aMOp(HBIX IPOTYKTOB
MycKOBUT (-)125 AncopOonHas Boaa
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