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Iens paGoTel: 03HAKOMHUTE CTYNEHTOB C TOBEJEHHEM [IONHMEPOB IIPH
BO3/IeHCTBUM IMOBEIIEHHBIX TEMIIEPATyp Y BIHUSHHUIO NMOBHIIIEHHBIX TEMIIEPATYD
Ha CTPYKTYpY ¥ CBOMCTBA IOJIMMEPHBIX MATEpPHAJIOB.

OBIIWE MOHATHSA
Tepmuveckuii aHAIM3 HOIHMEPOB

Tepmrreckul ananus NpUMeHsAETCS OIS HCCIESNOBaHUS ITPOLECCOB, POKC-
XOIAIMX B UHIHBUIYAIBHLIX BEUIECTBAX UM MHOTOKOMITOHEHTHEBIX CHCTEMax
[PY HarpeBaHMH WIH OXJAKISHHH W CONPOBOXKAAIOIIMXCH HW3MEHEHHEM BHYT-
PEHHETO TEIIOCOAEPIKAHUs CHCTEMBL. TepMuteckuii aHanmu3 obbeANHSAET IPyILy
METOZIOB, OTJIHYAIOIIUXCsl aNlIapaTypHBEIM 0QOPMIIEHHEM U U3MEpAeMO Xapak-
Tepuctakoi. Ecnm m3amepsieTcs TemnepaTypa ofpasia, MeTo[ Ha3bIBAeTCs Tep-
Morpaduei, Macca obpasna— TepMOrpaBAMETpPHEH, KOIMIECTBO BELAEHBIIEr0Cs
TelJa— KalopHMEeTpHeH, 06beM ~ TUIaTOMETPHEH U T.1I.

HJuddepennnagspHo-TepMUYeCKH AHAIH3

ITpu TepMorpaduHgeckoM aHaTu3e PerdCTPHPYEeMOi XapakTepUCTUKOM Be-
mecTBa sBIfgeTcsl TeMmepatypa T kak GyHKIus BpemeHH 7. IIpy 3ToM 3amm-
CBIBA€TCHA TEpMOrpaMMma B KoopjauHatax I - 7 (abcomroTHasi cxema 3KCIepH-
menTa). Hanbonee nennyio uHGOpManHo TOTYyJar0T METOAOM Au(hepern-
anpHO-TepMudeckoro aHanusa ([TA), mpe KOTOpOM H3MepseTcs pa3sHOCTh
temnepaTyp AT uccnenyemoro obpasna W HHEpPTHOTO 3TaioHa (puc. 1). B ka-
4YECTBE 3Tal0HAa HCIIOJIB3YIOT BEMIECTBO, HE MpPETEepIeBailee TEPMUIECKHX
NIpeBpalleHnil B JaHHOM TeMIlepaTypHOM HHTepBasie. TepMorpaMma 3amuchl-
BaeTcs B KoopauHatax AT - 7 (audpdepeHnmansras cxema sKcnepumenta). Ha
pHC. 2 mpencTaBneHa cxemaTudeckas kpuas JJTA monumepa, 0XBAaTHIBAIOMIAs
BCIO TeMIepaTypHy:0 o0iacTs cymecTBoBaHUS monmmepa. [Tukw, pacmono-
KeHHEBIe HaJl OCHOBHOH (6a30B0if) nHHAEH, OOBIYHO COOTBETCTBYIOT 9K30Tep-
MHYECKHM IpoleccaM (KpHCTaIIH3aLusI, OKUCIeH E), a IHKH 0L OCHOBHOR
(6a30Roit) NMHHUEN — IHAOTEPMHAYECKHM (IUIABJIEHHE, JECTPYKIHA), Al CTEK-
JIOBaHHUS XapakTepeH neperud Ha kpuBoi [TA.

IpeBpamenns, MPOHCXOAIINE B NIOIUMepax IIPA W3MEHEHHH TeMIepary-
pbI, MOJKHO pa3[elnTh Ha ABe IPYIIbl— QU3HIeCKHe i XUMUIECKHE.



Puc. 1. Cxema npubopa s maddepeHmmamsHo-TepMAYECKOro aHanu3a: | — peructpa-
TOp Pa3HOCTH TEMIIEPATYD; 2 — PETHCTPATOP TeMIepaTyphl oOpasiia; 3 — KOMOHAUpOBAHHAS
TepMonapa; 4 — OJI0K JUMM AccleayeMoro 00pasiia ¥ HHEPTHOIO BEMECTBa; 5 — neyb; 6 — sdeiika
¢ BccnenyeMeM 06pasmom; 7 — TepMonapa; 8 — mporpaMMHEI peryasTop Harpesa nedd;
9 — sgelika ¢ HHEPTHEIM BEMECTBOM

Kpucran- Cumsanue, okucneH1e,
nizaums oTBEPMAEHWE 1 apyrie
+AT & peakuuu
Crekno-f|| basosan
BaHwe AUHUA
; n Mnas- '
epexog feHue Jectpykuua
-AT 2
Tc TKp Tnn T

Puc. 2. CxemaTudeckas Kpusas qu(depeHInanbHO-TepMHAIECKOro aHam3a omiMepa

Quzuyeckue npespawjenus. OHU3AYECKUE MEPEXOABl B MOJUMEpax, H3y-
gaemsie MeTooM [[TA, o Mepe MOBBINEHNs TeMIIEpaTyphl pacronararTcs B
CIEyIOIIEM IOPAAKE: CTEKI0BAHHE, «XOMONHAN» KPUCTAILIU3ALIHS, IIEPEXO/IbI
THIIAa KPHCTAJLT — KPHUCTAIL, KPHCTA/UIM3aHs U3 paciulasa, IwiaBnenne. Crek-
JIOBaHHE, HE ABIAACH (DA3OBEIM NEPEXOJ0M, XapPaKTEpH3YeTCH TMOCTENeHHBIM
H3MEHEHHEM TeILIOEMKOCTH ¢ Temneparypoii. Ha kpussix ITA aTo oTpaskaert-
Cs OTKIIOHEHHEM OT 623080l TUHUE B CTOPOHY CTYIEHYATOr0 YMEHBIICHHUA
AT. 3a Temmepatypy CTekIOBaHWS OOBIMHO NMPHHHMAIOT HAYAJIO 3TOr0 OT-
KIIOHEHHS.

Kpucrannusanus MoMuMepoB OOBIYHO CONMPOBOXK/AETCS BEIIENEHAEM
CKPBITOH TEMIOTHI, 9TO Ha TepMorpaMMax 0003HadaeTcsl 3K30TePMUYECKHMHU
THKaMu (B TOM CIIy4ae, eClld CKOPOCTh KPUCTANIH3al[H# BEIIIE CKOPOCTH OX-
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JIaXCeHHs WM HarpeBaHus ). [Lomany mox muKkaMyu COOTBETCTBYIOT TEILUIOTE
(ha30BBIX NpeBpameHuii @ mo abComOTHOW BelWYUHE ONWHAKOBHI I KpH-
craym3anmy W ToasneHmrs. OHAKO OTCYTCTBHE 3K30TEPMHYECKHX ITMKOB Ha
TEPMOTPaMMax He SBIAETCS J0Ka3aTeNbCTBOM TOTO, 9TO KPHUCTAIUIA3ALMYU HE
TIPOMCXOAHT, ITOCKOJIBKY OHa MOXKET OCYIECTBIATHCA OYEHb MEJUICHHO. Xa-
PaKTepHbIMH TOYKAMH IHKa SBIAIOTCA TeMIIepaTyphl ero Hadana, MakCHMyMa
u okoHuyaHus. HexoTopkle nonumeps! (HanpuMmep, moiu3duphkl, MOTHYpPEeTaHbl)
MOTYT KPHCTAJJIM30BaTHCA IPH HarPEBaHWH NPU TEMIEpaTypax 3HAYUTENBHO
HIDKE TeMIIepaTyphl NNaBlleHHs, HO BHIINE WX TEMIIEPaTyphl CTEKIOBaHHUA.
OTO0 Ha3BIBAaeTCH «XONOMHOM» KpHcTautH3anued. [Ipy 3TOM MPOHCXOMHT yTO-
pazodeHHe GIHM3NENamUX COCETHUX 3BEHbEB B aMOpGHBIX 00nacTsix, HE co-
POBOXKAAIOINEeCs IEPeCTPOHKOH B PACIONIOKEHHH MOJEKyN. DK30TepMude-
CKM# MUK «XONOJHOM» KPUCTAIH3AUY [IPeNIeCTBYET S3HJOTEPMUIECKOMY ITH-
Ky TIIaBIeHHUs ToIUMepa.

Ocobenno dacto ¢ nomompsio JTA uccrnenyioT npouecc MiaBleHUus I10-
ITEMEpOB, T. . MepexoJ] U3 KPHCTAIIHYECKOTO COCTOAHUS B amophHoe. W3-
3a 1e)eKTHOCTH KPHCTAIIHYECKON CTPYKTYDPHI HONHMEPOB 3HI0TEPMHYECKUH
MHK TUIABIEHUS HAXOOMUTCH B TEMIIEpaTypHOM HHTepBaje, IIMpUHA KOTOPOro
ofycnoBieHa HEOJHOPONHOCTEIO MAaKpPOMOJNEKYN IO MONEKYJIPHOH Macce H
0cO0OEHHOCTRIO CTPYKTYPH! MONMMEPOB (CTeNeHbl0 KPHCTANIMYHOCTH, pas-
MEpOoM W THUIIOM HaaMOIeKymsipHEIX ofpazopanuif). Hagamo miaBnexus omnpe-
[eIIIOT 10 Havajly pe3Koro OTKiIoHeHHs kpuBoi JTA or 6asoBoll NTHHHH
(puc. 2), a 32 TeMIiepaTypy IUIaBIeHHA IPHHEMAIOT TEMIIEPATYPY, COOTBETCT-
BYIONIYI0 MakCHMyMy nuka. J[is MHOrMX NONMMEpPOB XapaKTepHO HajHyue
Ha kpuBoi JITA B 06JIaCTH IUIABIEHHS HE OJIHOTO, & JBYX WA HECKONBKAX TTH-
KOB. 310 00BSICHAETCS CYNIeCTBOBAaHHEM B MOJIUMepax KPHCTAJUTHTOB pasiidd-
HOM CTeleHH COBEpINeHCTBA, a TakKe MoNMuMopdu3IMOM MOIAMEpa, T. €. ero
CITOCOGHOCTBIO CYINECTBOBATh B HECKONBKHX KPHCTAINYECKHX MOAUDHKAIH-
sx. TTo TuIomansiM MUKOB IUIABJIEHHS MOXXHO ONpeJeNIUTh TeIUIOTh] TUIaBIeHus,
[pe/IBapUTENBHO NMPOKATUOpOBaB MPUOOP MO BEIECTBY C U3BECTHOH TEIUIOTOMH:

AH = AH,; Amy, [(Aypm), (1)
rae AH — tennota miasnesus nonumepa, I/r; AHsr — TenioTa miasie-
HHS 5TanoHa, JDk/r; m u mar — Macca obpasua nonumepa W 3TajoHa, I
A u Asr — nuomanu NHKOB NOJIMMEpa H 3TAJOHHOTO BelecTBa.

Hanpumep, A8 pacdera HMCTHHHBIX TEIUTOT [IIABJIEHHA NONHM3THIEHA
npubop kaymmOpyioT 1Mo OeH30HHOHM KHCIOTE, TEIOTa IUIABJICHUS KOTOPOH
142,4 Jx/r.

Ecnu u3BecTHa Temiora miaBneHnst AH* moNMHOCTRIO 3aKpHCTANIM30BaH-
HOT'O TIOIMMEPA, TO CTeNeHb KPHCTALIMYHOCTH 0L MOXHO OIPEZIENHTE 110 ypaR-
HEHUIO;

o. = (AH /AH*)-100, (2)



B rayecrse AH* mist monmmsTHIIeHa OPUHATA TEILIOTA UIABICHUS KPUCTAN-
nugeckoro potpuakontana CspHgs, paBras 271,3 Ix/r.

Xumuueckue npespayyenus. C nomomso JTA MOXHO H3yHaTek HpOLECCH
MOy 9eH sl [OJIMMEPOB, ONPEIeNITh ONTUMANBHEIE YCIOBHS Peakiiu, Hcclie-
J0BaTh BIMSAHUE COCTaBa HA HX CKOPOCTh M [p. H XUMHYECKHE IpeBpalieHus
nonumepoB. HanpruMep, MOXHO ONpeAenyuTs ONTHMAalbHEIE YCIOBHSA BYJKa-
HHU3ALUHKH KayYyKOB, OTBEPXIEHMS SHOKCHIHEIX CMON, OXapaKTepH30BaTh
crocobHOCTh HonuMepa K okucieHHioo. Kpome Toro, [ITA mmpoxo npume-
HAIOT JUIsl OLEHKH TEPMOCTAOHIBHOCTH ¥ TEPMOAECTPYKIHH IIOJIHMEDOB.

Bonee neransHbIe CBEEHHS O TEPMHUYECKOM MOBEIEHHH MOJUMEPOB [a-
er cosMemenue JITA ¢ OpyrdMH MeTOJaMM MCCIIEHOBAHWS: H3MEPEHHEM
3NEKTPONPOBOAHOCTH, TEPMOIrPaBUMETPHEH, TEPMOMEXAHHYECKAM METOLOM,
ra3oBoit xpoMarorpadueii.

Cymectyer MHoro npubopos mns nposezserns ATA (nuddeperuamsubx
TepMOrpaoB), OTIMYAIOIIMUXCS YCTPOHCTBOM HArPEBATENBHBIX 3JIEMEHTOB, pe-
THCTPUPYIOIUX MpUbopos U T. 1. OfHAKO IPHHLKAI HEHCTBHS BCEX STHX MpH-
6opon B o6meM onuH 4 TOT XKe (cM. puc. 1).

TEPMOTPABUMETPHYECKAN AHAJIWA3

. HekoTophle XxuMUYeCKHE ITPOLECCH], MPOTEKAFOIIME B BElIeCTBE NIPH Harpe-
BaHHH, CONPOBOXKIAIOTCA HM3MEHEHHEM €ro MacChl (TepMOOKHCIIEHHE, AEeCT-
pykuusa u ap.). ITostomy Meron JITA MoxxeT OBITH CYLIECTBEHHO HOIOIHEH
UpUMEHEHHEM TepMorpasumeTpraeckoro anamusa (TI'A), cymuocTs koToporo
3aKJIF0YaeTCSA B OLEHKEe H3MEHEHHs MAacCChHl TOJIMMepa B 3aBHCUMOCTH OT TEM-
nepatypsl. PasgoBuaHocTaMu TI'A sBrisioTcs: a) H3oTepMudecKast (HIH CTAaTH-
geckas) tepmorpasumerpus (TT), korma Maccy obpasiia U3MepsIIoT BO BpeMe-
HH IpH MOCTOSHHOM Temmeparype; 6) kBasucTaTHdeckas (WIH CTymeHYaras),
Korna obpaser] BEIIEPKHUBAIOT IPY KaKOH-1u60 TeMmepaType 10 HOCTOSHHOTO
3Ha9€HHA MAcChl C MOCIEAYIONIWM CTYIeHHaThiM IOBBINEHHEM TEMIICPATYpPHI
obpasua; B) AEHaMuYecKas, KOTZa M3MepSIOT Maccy obpasiia Npy HempepeIB-
HOM HarpeBaHHH C OTNpee/IeHHOH CKOPOCTHIO. 3

KpuBas 3aBHCHMOCTH H3MEHEHHS MacChl OT 'remnepa'rypm Ha3bIBaeTcsa
TepMorpaByMeTpudeckoil kpuBoi wim xpuBoi TI'. ITo xpuso# TI' MoxHO om-
peeNuTh TepMOCTabMIBHOCT (TEepMOCTOHKOCTB) MMONMMepa. TepMocTabuiib-
HOCTb OLEHHBACTCA TEMIIEpPaTypOi Hadala pa3noxeHHs momuMepa T, TpH Ko-
TOPOH HAYMHAETCH TOTEPs Macchl ¥ KpuBas TI' OTIVIOHAETCA OT HCXOMHOIO Hy-
NIeBOT0 3Ha4YeHus, a Taike Temnepatypamu Ty, Tag, Tso, IpH KOTOPEIX MpoHC-
xoxut noteps 10, 20 u 50% macchl B OHHX U TEX Xe YCIOBHAX SKCIIEPAMEHTA
(cxopocTs HarpeBa, cpena u T. A.). Temuepatypa, Npyd KOTOPO# IPOHCXONHAT
TIOJTHOE Pasfio)KEeHHe BENIeCTBa, Ha3bIBAeTCA KOHEYHON TEMIIEpaTypod pasio-
weHusg Ty.



JEPUBATHUBHAS TEPMOT'PABUMETPHA

JepuBatuBHan tepmorpasumerpus (JITT') perucTpupyer cKOpocTh U3Me-
HeHus Macchl BemecTsa Bo BpemeHu. Kpusasa JJTT 3anuceiBaeTcs B BHJIE
pAlla NHKOB, MOJOXKEHHE KOTOPHIX COBMAJaeT 1o TeMIIEpaTypHOH MIKajle co
crynenamu xpuBoi TI' (puc. 3). C nomomsio kpussix ITI MoxHO onperne-
JIAThE TEMIIEpPATYpPHEIE MPEEsl Peakiid ¥ TeMIEpaTypy, COOTBETCTBYIOINYIO
MaKkCUMAaIIbHOW CKOpOCTH peakiud. MaTemaTH4iecKod oOpaboTkoi KpHEBIX
TI' u ATT MoXHO paccuuTaTh KHHETHYECKHE NMapaMeTphl Mpolecca JecTpyK-
LMK BellecTBa: SHepruio aktwsanuu E, v mopajgox peakuuu n. IlpeanosxeHo
HECKOJIBKO METO/IOB pacdera, W3 KOTOpEIX Haubonslnee NMpUMEHEHHE HalllH
meron @pumena u Kapona u MeTox HBOWHOrO JorapuMHPOBaHUS.

Mr dm/di, Mr/Mun

m,

t, MWH
Puc. 3. Tamvwansie xpusste TI u JTT

Memoo @pumena u Kapona. COrnacHo 3ToMy METOMY Ui TEKyIleH
CKOPOCTH pa3fioiKeHus KOHIGHCHPOBAHHOIO BEIeCTBa M1, COOTBETCTBYIOMEH
Temmnepatype T, B ZaHHBIH MOMEHT BPEMEHH T CIIPaBe/iTHBO BhIPAXKEHHE:

@, =—dG/dT =(Z/ B)e™' 7 G", (3)
rae G — macca obpasina, pacxogyemoro B peakiuy, mr; T — Temrneparypa, K;
Z — Tpe/PKCIIOHEeHTa B YpaBHeHHA Appenuyca; B — ckopocTs Harpea, K/MHH;
R — yHuBepcansHasd razosas nocrosanas, kJx/(mMomas-K).

Ecmu ypaBHenwe (3) mpUMeHHTS UL ABYX TeMmepatyp Ipu B=const, To mo-
crie JIOrapu()MUpPOBAHUS M BEIYUTAHHUS OJHOIO M3 JAPYTOr0o MOJYHaloTCsA Clie-
LIYIOTIHE BBIPAXKEHHI:

Alg ©,=nA Ig G — (Ey/2,303R) A (1/T) )
Hnu

Alg 0=nA Ig G — (E/2,303R) A (1/T), )
rie O=0p. ‘ (6)

Taxum obpasom, u3 ofHol KpuBoit TI" MoryT OBITE Hal/I€Hbl BEJIUYMHb]
E, v n. ]l 21010 HE0O6X0MMO OCTPOUTSH 3aBHcuMocTy Igo/t ot IgG u Igw/t
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ot 1/T. ITo TaHreHCcy yria HaKJIOHZ [IE€pBOH W3 HUX HAXOMAT NOPAAOK pe-
aKLMH{ ¥, BTOPOH —3Hepruro aktuBanuu E, = 2,303Rtgo.

Memoo Oeoiinozo nozapugmupoearus. IIpr NMOCTOSHHOY CKOPOCTH Ha-
rpeBaHHA C Y4ETOM TOrO, YTO TEPMOOKHCIHTENbHAs JECTPYKIHS NOTHMEPOB
HpOTEKAaeT, KaK MPaBMIIO, 0 PeaKkUHH IEpBOTO MOPAAKa, CIPABEUIHBO ypaB-

HEHHeE:!
E ZAT

enln(G, | G)] =~ + fn 5 1 , )
rae AT=T-T; — nocroannas Benuduna; G; # G — macca obpasna np# Tem-
neparypax T; u T. ITocTpouB rpapuyeckyo 3aBHCHMOCTE B KOOpAHHA-
tax In[In(Gy/G)] — 1/T u onpenenus TaHreHC yria HAKIOHA IOIyYeHHOI
npsiMoii, 1o ypasrenuio E, = tgaRT mMoxHO paccuutats E, npouecca Tepmo-
[eCTPYKIUH TIOTHMepa.

Haubonee pacrnpocTpaHeHHBIM U yHnBepcailLHLIM npubopoM ana mpose-
nenus [JTA n TI'A ssnsercs nepusatorpad crerems! Ilaymix — Opaeit dup-
M5l MOM (Berrpust). IIpu6op pabotaeT aBTOMaTHYeCKH, 3alliCh TeMIIEpaTyp-
HEIX KPUBBIX ¥ YOBUIH Macchl OCYIIECTBIsIeTcs (OTOperucTpHPYIONIHM IpHO0-
POM WIJIH CaMOIHMCIEM. PaBHOMEPHOCTh Iporpesa medu obecniedmBaeTcs Ipo-
rpaMMHBEIM YNpaBlI€HHEM IIDH CKODOCTH NojgkeMa TemmepaTrypst 0,5 —
20°C/muH; MakcuMalibHas TeMrepartypa medu coctapuser 1200 — 1500 °C. C
TIOMOIIBI0 JepuBaTorpada Ha OXHOM 0Opasme MOXHO OZHOBPEMEHHO OIpefe-
JSTh ToTepro Macchl (kpuBas TI), CKOpOCTE H3MEHEHHsS Macchl (Kpusas
OTT), rennosele abdextr (kpuBas ATA) u u3MeHeHHe TeMIlepaTyps! (Kpu-
Bas T). Tunu4aHble KpEBEIe, NONY4YeHHEIe Ha AepuBatorpade, NpuBefeHEl Ha
puc. 4.
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Puc. 4. JlepuBarorpamma nonudtuiena: TI™ - repmorpaBumerpuueckas kpusasi; JTT
- kpuBas andepeHIaIbHOr0 TepMorpaBuMeTpuueckoro anammsa; JITA - kpuBas
b depeHnnanbpHO-TePMUYECKOro aHanm3a; T - KpuBas H3MEHEHHUs TeMIIepaTyphl

OKCIIEPUMEHTAJIBHA S YACTb

Padora 1. Onmnpenenenune Temnepatryp O(u3MUYecKHX M XHMHYECKHX
npeBpalieHnii nojimmepa.

Ileny pabomvi: ONpeAennUTb TEMIEPATypbl (QU3MYECKUX M XUMHYECKUX IIpe-
BpallleHUH ToimMepa (TeMIepaTypbl, IUIaBICHHS, CTEKJIOBAaHHs, OKHCICHHS |
nectpykiun) o kpusoit ITA u TT.

Obpasyvl u peaxmugvl: odpazer] nonuddupa, NoIMaMUAa HITH TOIHOIeDUHA.

TIpubopel u npunadnexcrocmu. nepuBarorpad, Turiu (2 mr.).

Ilopaoox pabomur: 1) nposenenue IATA u TI'A oOpasna mnoinuMepa Ha
nepuBarorpade; 2) onpenencuue no kpuBbiM ITA u TT temneparyp ¢uznyeckux u
XMMHYECKUX TMPEBPALICHHUH ITOTMMeEpa.

Memoouxa pabomei. HaBecky uccnemyemoro nomumepa (=0,1 r) momemaror B
OIIH TUIATUHOBBIA THrelNb, a B IPYrOM - TAKYIO JK€ HABECKY JTaJOHHOI'O BELICCTBA.
O0a TUTIIA TOMEIIAIoT B iepuBatorpad Ha Tep



MOIIapbl, HAKPBIBAIOT KBAPIEBEIM CTAKaHOM, OIIYCKAIOT M€Y ¥ 00pa3Ibl MOABEPraloT
aHaJIM3y COTJIACHO MHCTPYKIMU K Ipudopy.

Obpabomxa pesyremamos. Ha nepuBarorpade 3amuceiBaroT kpuBbie J[TA,
ATL, TT' u T B BuIe GyHKUMY ONIpeAeisseMoil BeIUUUHBI OT BpeMeHH (puc. 4). Jls ux
00paboTKN OCYIIECTBISIOT MEPEBO] B KPUBBIE 3aBUCHMOCTH OT TeMIEpaTypbl. ITO
OCYLIECTBIISIETCS IPU NoMoIK KpuBo# T, mokasbIBaroliell U3MEHEHUE TeMIIepaTyphl
nccaexyeMoro odpasma ot BpeMeHH. [ HaHeCeHHs Ha OCh a0CIHCC TeMIepaTypHOH
HmIKadbl Yepe3 TOUKU IePEeCeueHUs] TOPH30HTAIBHBIX KaJIUOPOBOUHBIX JIMHHH
temmepatypst (ab, cd...) u kpuBoit T (Touku a', B', ¢'...) ONMYCKAIOT MEPIECHIUKYIIAPEI
(@'b', c'd' . . .) Ha och abciyce U HAHOCAT COOTBETCTBYIOLINE 3HAYCHHUSI TEMITEPATYD.
Ha ocHoBannu mosryueHHON TeMIepaTypHOH IIKaJIbl OMPEAEISIOT TEMIIEPaTyphl Ie-
pexonoB Ha kpuBbix ATA, ITT, TT', npoekTupys XapakTepHble TOUKU Ieperu0oB Ha
och abcice. Kpome Toro, mpoekrupys munumymbl kpuBoit JITT Ha kpuByto TI,
MOXHO OIIPEAEIUTh U3MEHEHUE MacChl, BBI3BAHHOE KaKUMU-JI00 Iepexo aMu.

Iorepro maccel obpasusl (B %) Haxomar Ha kpuBod TI, momb3ysch
LITPUXOBANBHOH ceTkoil. OnpenensioT TemnepaTypy Hadana TepMoaecTpykuuu T, a
TaKKe TeMIepaTypsl, cooTBercTBytomue morepe 10, 20 u 50% maccel oOpasima
nonumepa - Ty, T,0 u I's.

3aoanue. Tlpoananusuposats kpusbie JITA, JITT u TT' 1 00bsACHUTH H3MEHEHUS,
MIPOMCXOISIIIHE TIPH HarpeBaHUU HCCIIEyeMOTo 00pasiia IoJimMepa.

PaGota 2. OnpeneJieHue TeNJI0ThI IIJIaBJIEHHUS H CTeNIeHH KPUCTAJJIMYHOCTH
MOJIMITHJICHA.

Llenv pabomer: npoectd JTA TONMMATHICHA M ONPEACIUTh €r0 TEIUIOTY
IUIABJICHUS U CTENEHb KPUCTATUIMYHOCTH.

Obpas3sybl u peakmugol: TOIUITUIICH HU3KOW M BHICOKOW INIOTHOCTH.

Ipubopul u npunaonexcHocmu: nepusarorpad, Try (2 mr.).

Topsoox pabomul. 1) npoenenune JITA o0pa3ioB MOJIMATHICHA HU3KOW U
BBICOKOM IUIOTHOCTUM Ha jepuBarorpade; 2) ompeleiaeHHE TEIIOThl ILUIABJICHUSL
MIOJIMMEPOB M UX CTETIEHH KPUCTAIIMYHOCTH.

Memoouxa pabomvi. B TUrTIHM OMENIAIOT HABECKH UCCIIEAYEMbIX TTOJIUMEPOB U
stanona (mo 0,1 T) W aHaNMM3UPYIOT Ha JIepuBatorpade COriacHo WHCTPYKIHU K
npudopy. DKcrepuMeHTaIbHbIe KpUBBIE 00pabaThIBAIOT Tak Xke, Kak B padore 1.

Ilo xpuBeM JITA onpenensror TeMmepaTypbl IUIaBIEHHS HCCIEIyEeMBIX 00-
pa3uoB u 1o ypasHeHU1o (1) ompenessioT TEIUIOTH! IUIABIEHHS IO OTHOLICHHIO K
OEH30MHOM KHCIIOTe. 3aTeM PAacCUMTHIBAIOT CTENEHb KPHCTAIUIMYHOCTH MOJHMEPOB
10 ypaBHEHUIO (2).

3aoanue. OOBSACHUTH pa3NUude B CTENEHH KPUCTAIIMYHOCTH 00pasIoB
MOJINATHIIEHA HU3KOW U BBICOKOM MJIOTHOCTH.



PaGora 3. Onmenkxa BAMAHHAS cTa0HIH3aTOpPa HA TEPMOCTOHKOCTH
HNOJIH3THJIeHA.

Lens pabomur: nposectd JTA u TI'A nonusTuieHa ¥ OLIEHHTH BIUSHHE
cTabuM3aTopoB Ha €ro TEPMOCTOMKOCTb.

Obpasyer u peaxmuevl: MONMUITHIEH HU3KOH IUIOTHOCTH, CTaOMIH3HpO-
BaHHKIM ¥ HeCTaOMIH3UPOBAHHBIH.

Ipuboput u npunadnesichocmu: fepusarorpad, Turm (2 mr.).

ITopadox pabomw: 1) nposenerue JITA u TI'A o6pa3uos nonu3THieHa
HU3KOM IJIOTHOCTH; 2) pacueT 3HepPruu aKkTuBaluu E, mpouecca AecTpyk-
L{¥ | MOps/iKa peaKkiuy.

Memoouxa pabomer. HaBecku uccnenyemsiX MOITUMEPOB M 3TaloHa ([0
0,1 r) moMemaioT B THIVIM U aHANU3UPYIOT Ha JepuBaTorpade COorjlacHO HH-
crpykuud K npubopy. ITonydennsie kpuBsie 06pabaThIBAlOT Tak ke, Kak B pa-
6ote 1. 3arem no kpussiv JITA onpexnensioT TemMnepaTypsl MiaBneHus o6pas-
OB MONHATHIIEHA, Ha9alla OKMCJICHHMA U NeCTpyKUuH; Ha KpuBeIX TI' oTMme-
4aroT TeMIepaTypy Hadajia TepMozecTpyKimu T, a Taike TeMmmeparypsl, co-
orsercreyromue norepe 10, 20 u 50% maccer HccnemyeMsix nonumepoB — T,
T, Tso- —

Obpabomia pezynsmamos. Pacder s3nepray aktuBanun E, TepMoaecTpyk-
IIHH MOXKET OBITH MPOU3BEJIeH ABYMS METONaMH.

1. Memoo ®pumena u Kapona. Ha kpyTrom yuactke kpuBoit TI" oTMeuaroT
HECKOJIBKO To4eK (pHC. 5), onpefensioT B Kaxgoi Touke y6puts Maces G;
PacCYMTEIBAIOT TEMIlEpaTYPHBEIE CKOPOCTH pasiiokeHus i CKopocTh pas-
JIOJKeHUs B Ko Touke kpuBoi TI' paBHa TaHreHcy yria HakioHa Kaca-
TEeJbHOH K KpHBOH B 3TOH TOdYke, T. e. naa Touku 1 (puc. 5)
@, =tga=BC/AB=AG,/AT.

ITo ypaBHenuio (6) pacCYHTHIBAIOT M), ONPEREITOT [gm | U pe3ynsTaTsl
BHOCAT B Tabm. 1. AHAJOrMYHO pPAaCCHYUTHIBAIOT IgM.; AJIA APYTrHX TOHEK
kpusoi TT.

ITo momy4eHHBIM AaHHBIM CTPOAT JIorapH(QMHYECKyIO 3aBHCHMOCTH lg=
/1gG u nomynorapudmmyeckyio lgo, = fI/T). U3 nonynorapadMuyeckoil 3aBu-
CHMOCTH ONpEJeJUIIOT TaHIMeHC YINla HakjioHa 9STOH mnpaAMo#  tgou
tgo=Algw /A(I/T).

W3 ypasuenms (5) caemyer, dro E, = 2,303Rtga=(19,139/1000) tgo
xJbx/(mons-K) [R=8,31 x/Dx/(mons -K].

W3 norapudmuyeckoii 3aBHCHMOCTH IO TAHTEHCY yriia HaKJIOHA MpPSMOM
tgot' MOXCHO ONPENeNnuTh MOPALOK peakuny n: n=tgo' — Algw./AlgG.
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VismeHere Maccel  FI3MeHeHI e TeMITepaTypbl

Puc. 5. I'paduueckoe onpesieneHne CKOPOCTH pasioiKeHHA oNTHMepa

Tabmana 1
®opma 3a1uCH pe3yIbTaToB

N | TK | AG,% | (UT)10°, | on | oo | lgoa | 1gG;
n/n K

2. Memoo oeoiinozo nozapugmuposanus. JIna pacdera E, na xpusoit TI'
OTMEYalOT TeMIlepaTypy Haudaja HAecTpyKUuH H 3aTeM depe3 matepsan 10°C
y65inb Maccel obpasua A Gj mpu coorBercTBYIOWeH Temneparype T, Haxomsar
AG/AG;; w pmBaxuel norapu¢mupyior. IlomydeHHBIE HaHHEIE 3aHOCAT B
Tabm. 2.

ITo moy4eHHBIM JaHHBIM CTPOAT MpsMyio B koopauHatax Inln (Gi/Gis) —
T) - 10°, OIpe/eNsiOT TAaHTEeHC YIia HAK/IOHA 3TOMH NpAMOi tgo 1 mo dopmye
E, = Rtga [R = 8,31 x[[x/(Mons:K)] paccuutsiBatoT E, necTpykiyu uccie-
IyeMbix o6pasmos.

3adanue. Ilo 38auenusm E,; nmpolecca JecTpyKIUH U TeMIepaType Hada-
na TepMozecTpyKuuH T, OLEHUTH BiHMAHHE cTaOMIM3aTOPOB HA TEPMOCTOMH-
KOCTB ITOJIMITHIICHA. ‘
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Tabmuua 2
®dopma 3anmcu pe3yabTaToB

Ne T, K Gi, % Gi/Gis InIn(G/Gi1) | (1/T)10°, K’
w/n

KOHTPOJIBHBIE BOITPOCHI

1. Kakyro rpymniy METOZ0B OnpeessieT TepMUYSCKUN aHaIn3?

2. B uem cymHocTs nuddepenunanbao-repmudeckoro aHamusa (JATA)?

3. Kakue ¢usuueckre u (Ha3oBbie MEPEeXoabl B MOJIMMEPaX MOXKHO HCCIIEIOBATH
metomom JITA?

4. Oxapakrepusyiite Bo3MokHOcTH JTA B HCCleOBaHHMM  XHMHUYCCKUX
MPEBPALIECHUI T0JUMEPOB.

5. Kakyio nHpopManuio MOKHO MOTYYUTh B pE3YIIbTaTe TEPMOTPABUMETPHUECKOTO
ananuza (TT'A) noaumepoB?

6. Kakwue pa3HOBHIHOCTH TEpMOTPAaBUMETPUH BbI 3HaeTe?

7. Kakum o6Opa3zom 1o kpuBbiM JITA MOXHO OIpENeNUTb CTEHEHb KpHU-
CTAITMYHOCTH TIoJTuMepa’?

8. KakuMu TemmepaTypHBIMH XapaKTepUCTHKaMH OLIEHMBAeTCA TepMOCTa-

OMIILHOCTH TTONIMepa’?
JIUTEPATYPA

1. TepMuyeckuii  aHaaM3 B HW3YYCHUU  TOJMMEPOB
[DnexTponHsbIit pecypc] : yaueonoe nocodue / O.T. lllununa [u gp.]. —
DNEeKTpOH.TEKCTOBbIE JaHHble. — Ka3anb: KazaHckuil HalmoHaIbHBIN
UCCIIEIOBATEIIhCKUI TEXHOJIOTHUECKHi yHuBepcuTeT, 2014. — 99 c. —
978-5-7882-1538-9. — Pexum JIOCTYyTIA:
http://www.iprbookshop.ru/62010.html

2. Jlarpimenko, K. I1. MeToasl mccneaoBaHuil MpOIIECCOB U
MaTepuaioB [ DnekTpoHHbIH pecypc] : npaktukyMm / K. I1. Jlatbimenko.
— 2-e u3J. — DIEKTPOH. TEKCTOBBIE JaHHbIe. — CapartoB : By3oBckoe
obpazoBanme, 2019. — 197 c. — 978-5-4487-0400-0. — Pexum
noctyna: http://www.iprbookshop.ru/79646.html

3. Kausrrnga, O. H. dusmueckne MeTOALI KCCIEIOBAHUS
BEIIeCTB [DNEeKTpOHHBIM pecypc] : ydeOHoe mocobme / O. H.
Kanpruna, A. I'. YerBepukoBa, B. JI. bepaunckuii. — DneKTpoH.
TEKCTOBBIE NaHHble. — OpeHOypr : OpeHOyprekuil rocy1apCcTBEHHBIN
yauBepcuret, ObC ACB, 2014. — 141 c. — 2227-8397. — Pexum
noctyna: http://www.iprbookshop.ru/33663.html
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NCCIIEHOBAHHME CTPYKTYPbI MATEPUAJIOB METO1OM
TEPMOI'PABUMETPUYECKOI'O AHAJIM3A

Meroanyeckue ykazaHus K JaOOPaTOPHBIM 3aHATHSIM



