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MNIACTMACCDI
OuddepeHunanbHaa ckaHupyrwasa kanopumMmetpusa ([1CK)
YacTtb 1

Obuwune npUHUMNLI

Plastics. Differential scanning calorimetry (DSC). Part 1. General principles

[1ata BBegeHusas — 2014—01—01

1 Obnactb NpMeHeHUs

HacToawmn ctaHaapT ycraHaBnmMBaeT o0LUue TpedboBaHUS K paay MeToaoB AndpdepeHumnanbHON CKa-
Hupytolen kanopumetpuun (LCK) ana repmmnyeckoro aHanmsa nonMMmepoB U CMECEN NONMMEPOB, TAKUX Kak:

- TepmMmonnacTtbl (NONUMeEpPLI; POPMOBOYHbLIE MACChl U Apyrne OopMOBOYHbIE MATepUanbl, cogepxaLlue
UNn HE coaepXkaLume HanoNHUTENKW, BONMOKHUCTLIE MaTepuanbl, apMUPOBaHHbLIE NN HEAPMUPOBAHHBIE);

- TepMoOpeaKkTUBHble MaTtepuanbl (HEOTBEPXKAEHHbLIE UMW OTBEPXAEHHbLIE MaTepuanbl, cogepxaLlue
UNn He coaepXkaLume HanoNHUTENKW, BONOKHUCTbIE MaTepuanbl, apMUPOBaHHbIE NN HEAPMUPOBAHHbBIE);

- 3nactomepsbl (MaTepuanbl, cogep>xaLlue unu He cogepxaLllme HanonNHUTENKU, BONOKHUCTbLIE MaTepUa-
Nbl, apPMUPOBAHHbIE NN HEAPMUPOBAHHbLIE).

INCK npuMeHaoT ana nccnegosaHna pasHbixX ABNEHUU U onpeaeneHnsa pa3nnMyHbiX CBOUCTB, CBA3aHHbIX
C yKa3aHHbIMW MaTepuanamu, a UMEHHO:

- dousnyecknx npeBpaLleHnmn [cteknosaHune, pasoBble nepexoabl (HaNnpuUMep, NNaBneHne N KPUCTanmnm-
3auunsd), nonnMmopdHbIe NpeBpaLleHna U T. A4.];

- XUMUYECKUX peaKkuun (nonumepusaund, CLUMBKA U OTBEPXAEHUE 3rMacTOMEPOB U TEPMOPEAKTUBHLIX
MaTepuanoB U T. A.);

- TEPMOOKUCNUTENBHOWN CTAOUNBHOCTH;

- TENNOEMKOCTU (MMPUMEHSAM KOHKPEMHbIe cmaHoapmbpl, ycmaHasnueanuwue mMemoob! coomeem-
cmeyrwux ucrnbimaHuu).

HacToawmn craHaapTt yctaHaBnuBaeT ooLwmne npuHuunbl AnddoepeHunanbHON CKAHUPYIOLLEN Kanopu-
METPUN — CYLLUHOCTb METOoAAa, NPUMEHAEMYIO annapaTtypy, otoop npod, KanubpoBKy, TPebOBaHUA K MPOTOKONY
NCMNbITAHUN.

TpeboeaHUsa K KOHKpemHbIM MemooaM ucrbimaHul rnpueelteHbl 8 coomeememeyrwux cmaHoapmax
Ha amu mMemoohi.

[MpeaynpexaeHne — [pumeHeHne HACTOSALLENO cTaHAapTa MOXKET ObITb CBA3AHO C UCMOSNIb30BAHUEM
OonacHbIX Marepuanos, onepauun n obopyaosaHua. B HacTtosaLleM cTaHaapTe He npeaycMOTPEHO pacCMOTpPeE-
HWE BCEX BOMPOCOB 0becrevyeHna 6e30nacHOCTU, CBA3AHHbIX C ero npuMeHeHnem. pu npumeHeHun ctaHaapra
crneayert cobonoaarb UHCMPYKUUU 110 mexHuke be3onacHocmu, ymeepX0eHHbIe 8 yCmMaHO8leHHOM rnopsioKe.

2 HopMaTunBHbIE CCbINKWN

B HacTodalwleM cTtaHaapTe ucnonb3oBaHa HopMaTUBHAaA CCbINiKa HA cneayoLwnun cTaHaapT:
[OCT 9293—74 (MCO 2435—73) A30m 2a3006pa3Hbill U XUOKUU. TexHu4yecKue ycriosus

[MTpumedyaHne — [1pK NONMB30BAaHUM HACTOALLMM CTaHAapTOM Lenecoobpa3Ho NpoBEPUTL AENCTBUE CChINOM-
HbIX CTaHAapTOB B MHPOPMAaLIMOHHON cucTeme oOLLEero Nnonb3oBaHNA — Ha oduunanbHOM canTe PegeparnbHOro areHT-
CTBa MO TEXHUYECKOMY PErysIMpoBaHuio 1 METPONOrnn B ceTu MIHTEPHET NN NO eXerogqHoMy NHAOPMaLMOHHOMY YKa3a-
Tento «HaunMoHanbHblE CTaHAAPTLI», KOTOPLIA ONyONUKOBaH NO COCTOSHUIO Ha 1 sHBaps TeKyLWero roaa, U no Bblinyckam

NagaHue odbuyunanbHoe
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eXXeMeCcsaYHOoro MHhopPMaLMOHHOIo yKasaTensa «HaunoHanbHble cTaHgapThl» 3a TEKYLWMIA rof. Ecnu 3amMeHeH CChiNoYHbIN
CTaHAapT, Ha KOTOpPbIA JaHa HeaaTupoBaHHas CChifnKka, TO PEKOMEHAYETCH UCMONb30BaTh AEACTBYHOLLYIO BEPCUID 3TOMO
CTaHJapTa C Y4ETOM BCEX BHECEHHBIX B JaHHYH BEPCUIO U3MEHEHUA. Ecnn 3aMeHeH CCbINOYHbIA CTaHAapT, Ha KOTOPLI
aHa AaTupoBaHHasl CCbiflka, TO PEKOMEHAYETCS UCMNONb30BaTk BEPCUIO 3TOr0 CTaHgapTa C YKazaHHbIM BbiLLE FOA0M
yTBEpXAeHUa (NpuHaTUsA). Ecnn nocne yTBepXaeHUA HACTOALLEro cTaHgapTa B CChITOYHbIA CTaHAapT, Ha KOTOPLIA AaHa
NaTupoBaHHas Ccbinka, BHECEHO M3MEHEHNE, 3aTparmBatoLLlee NonoXeHne, Ha KOTOPOe AaHa CChinka, TO 3TO MOMNOXeHMUe
peKoOMeHAYeTCA NPUMEHATL 6e3 yyeTa A aHHOro U3MeHeHUs. Ecnun ccbinoYHbIn cTaHaapT OTMeHeH 6e3 3aMeHbl, TO Mono-
)XEHWEe, B KOTOPOM JlaHa CChIflka Ha Hero, pekoMeHayeTcsa NPUMEHATL B YacTU, He 3aTparvBatoLlein 3Ty CChINKY.

3 TepMuHbI U onpeaeneHun

B HacTodLleM cTaHaapTe NPUMEHEHBLI cneayloLwmne TepMUHbI C COOTBETCTBYIOLLMMK onpeaeneHnamMn:

3.1 andpdepeHunanbHaa ckaHupyrowana kanopumetpusa; L1CK: MeTtoa, B KOTOPOM pPa3HOCTb TEMMO-
BbIX MOTOKOB, NOABEAEHHbLIX K TUTIIO C UCMbITYEMbIM 00pa3LOM W STANOHHOMY TUTTIIO, USMEPSAETCH KaK OYHK-
UMa TemnepaTtypbl U/Mnu BpeMeHU B nNpoLiecce BO3AENCTBUA HA UCMbITYEMbIN U 3TANOHHLIN 0Dpa3Lbl yrpaBs-
naemMon TemMneparypHou nporpamMmmbl B YCTAHOBJIEHHOW aTMOCEPE U NPU UCNONb30BAHUU CUMMETPUYHOU
N3MEPUTENBHON CUCTEMDI.

[TobuMeyaHunA

1 OBOLIYHO 4N KaX[0oro UsMepeHna peErMcTpUpyroT KPUBYHD C TEMNepaTypon Unu BpeMeHeM No ocu abcuunce U pas-
HOCTbIO TEMMOBLIX MOTOKOB MO OCU OpAUHAT. HanpaBneHue sHAOTEPMUYECKOro U/NNK SK3oTepMUYecKoro adpdekta 0bo-
3HaJvaroT Ha Kpuson LHCK.

2 CornacHo npuHuunam TepMoaAuHaMWKKW, NOrMOLWEHHYD CUCTEMOU 3HEPrUK CYUTAKT NONMOXUTENBHOWU, a Bblae-
NAEMYH 3Hepru — oTpuuarensHon. ['1pn 3TOM 3HAOTEPMUYECKUN 3PP EKT OTMEYarT CTPENKOU BBEPX NO OCU OpAUNHAT,
a 9K30TEPMUYECKUN P EKT — CTPENKON BHU3 (CM. PUCYHKU 1 K 2). [1penmyLLecTBO Takoro oTobpaXeHUa TENnoBbIX
ahpekToB Ha rpadhnkax sakmnrHaeTcs B TOM, YTO OHO cornacyeTca ¢ yaeNbHOU TENNOEMKOCTHIO.

3 B 3asucumocmu om npoapaMmHo20 obecriedeHus npubopa LCK noanouwieHHyo cucmemou 3Hepauo MOXHO
cyumambpe ompuyamersnbHouU, a ebioensaeMyro — MoaoXumenbHoU, 3HoomepmMmudeckul 3chbchekm npu 3moM ommedarom
cmpenikol 8HU3 1o ocu opOUHam, a aKk3omepmudeckul acbchekm — Ccmpenkou esepxX.

3.2 3TanoHHbIN maTtepuvan: MHepmHbili maTepuan, UMeoLWwmMn oOaHY UNN HECKOMNMbKO AOCTAaTOYHO CTa-
OUNbHBLIX N XOPOLLO MU3BECTHbLIX TEMMOPUIUYECKNX XaPaKTEPUCTUK, YTO NO3BOMAET UCNONb30BaTb €ro Ans
Kanuoposku npuoopa ACK unu oueHKn metoga namepeHuns.

[ITbuMedyaHUue — 3SmanoHHbIU Mamepuarn, No020moenieHHbIU 018 U3MepeHUl U NoMewleHHbIl 8 muzaesnb, 8-
naemcs amarinoHHbIM 0bpa3syom.

3.3 3TanoOHHbIN TUrenb: TUrenb, UCNOMb3YEMbIM B CUMMETPUYHOM AEPXKaTEnNe TUrNen B KA4eCcTBe 3Ta-
TOHHOTO.

[IThbumevyaHUSH

1 OObIMHO UCMONbBA3YHOT NYCTON 3TANOHHLIA TUrEnb.

2 B HEKOTOpPLIX criydasx, Hanpumep npu aHannie BbICOKOHAMOMNHEHHLIX UM apMUPOBaHHBLIX NONMUMEPOB UK 00-
pa3LOoB, UMEKLLMX TEMMNOEMKOCTb, CONOCTaBUMYHO C TEMMNOEMKOCTBI TUMA, B 3TAlTOHHBLIA TUrenb MOXET ObITb NOMELLEH
NOAXOAALLMN STANOHHLIK MaTepuan. 3TOT MaTepuan 4omKeH OblTb TEPMUYECKU MHEPTHLIM B pacCMaTpuUBaeMbIX TeMMNepa-
TYPHOM N BPEMEHHOM UHTEpPBaNax, a ero TeENNOeMKOCTb AoMXKHa OblTb ON13Ka K TeNNOEMKOCTU UCTILITYEMOro MaTepuana.
B cnydYae HanoNMHEHHbIX UKW apMUPOBAHHLIX MaTepuanoB MOXET OblTb UCNONBL3OBaH YUCTLIM HAMNOMHUTENL UNU apMUPY-
oL MaTepuan.

3.4 TennoBon notoKk AQ/At, Br unun mBT1: KonnyectBo TennoTbl, nepegaHHoe obpasuy B €AUHULY
BpeMeHun (AQ/AL), BT nnu MmBT.

MpuMevyaHne — CymMmapHOe KONMYECTBO NepenaHHoi TennoTbl Q COOTBETCTBYET UHTErpasny TensoBoro no-
TOKa N0 BPEMEHMU

L
dQ
Q = tj_dt dt. (1)
1

3.5 U3MeHeHUue KonuyecTtBa TennoTtbl AQ: KonuyecTtBo TeENNOThLI, NOrNoLwWweHHOE (3HA0TEPMUYECKNN
npouecc — AQ NONOXUTENbLHO) UMK BblAENEHHOE (3K30TEPMUYECKMU NpoLecc — AQ oTpuLaTENbHO) UCMbITY-
eMblM 00pa3yoM B pe3ynbrarte ero XMMm4yeckoro nnm u3nyeckoro rnpespaLleHnsa n/mnn N3MeHeHnsa TemMne-
paTypbl B TEYEHUE YCTAHOBIMEHHOIO MHTEPBanNa BpeMeHu f unn temnepartypsl T

AQ= | —dt (2)
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NI

AQ=—[=2dT, (3)

rne AQ — u3MEeHeHue KonuyecTsa TennoThbl, [bK, Unu Kak yaenobHaga senuyuuHa (AqQ), Ik ' (bxk Monb™);
B — NOCTOAHHAaa CKOPOCTb HarpesaHua unu oxnaxaeHuna d 7/df, K-MuH=";
[ — 8pems, C.

[TpuMedyaHue — Ecnu naMepeHna nNpoBoAUNUCL NPU MNOCTOAHHOM AaBneHun, AQ COOTBETCTBYET MU3IMEHEHUID
aHTanenUn AH.

3.6 yAenbHas TensnoemMKoCcTb NPU NOCTOAHHOM AaBneHun ¢ : Konum4yecTso TennoTbl, Heobxogumoe
A58 TOro, yToObl YBENUYUTL TEMNEPATYPY €ANHULIbI MACChl MaTtepuana Ha 1 K npu noCTOAHHOM JaBNEHUN

- 1(dQ
CP_rn(dT]p (4)

NI

1 60(dQ
° T B(m]; (>)

roe dQ — KONMMYecTBO TENNOTbl, HEODX0ANUMOE AN YBENUYEHUA TeMNepaTypbl MaTepmuana Maccon m, r, Ha
d7, K, npn nOCTOAHHOM AgaBneHuun, [hx;

B — cKkopocTb HarpeBa, K-MuH";
C, — YAenbHas TennoemMKoCTb, hie-r 1K1
{ — spewms, C.

[TpuMmedyaHUA

1 Ecnu konu4ecTBo MaTepuana m BblpaXeHo B MOMSAX, €, MOXET OblTb BblpaXeHa B [k -Monb™- K.

2 [1pn aHannse nonuMepoB HEOOXOAUMO ObITb YBEPEHHLIM B TOM, UTO U3MEPEHHAA TEMNNOEMKOCTb HE BKITHOMAET
M3MEHEHWE TENMOThLIl 3a CHET XUMUYECKOU peaKkLnn U ouU3nYecKoro npespalleHuns.

3.7 ba3oBad nUHUA: Yactb 3aperncTpupoBaHHON KPUBOW, B Nnpeaenax KOTopou HE NPoOUCXoauT HUKa-
KX peakumm Mnu npespaLleHuM.

[TpuMmedyaHUA

1 3TO MOXET ObITh N3oTEpMUYecKaa BazoBasd NUHKUA, eCnK TeMnepaTypa NOCTOAHHAA, UK AUHaMnyeckaa baszoBasd
NMUHUA, ecnu Temneparypa U3MeHAETCA B COOTBETCTBUN C 3alaHHOU NMporpamMmMou.

2 basoBble NUHUK, onpegenaemMble No 3.7.1 — 3.7.3, OTHOCATCA TONMbKO K KBAa3UCTaUNOHAPHOMY PEXUMY, T. €. KOr-
0a npundop paboTaeT B CTaUMOHAPHOM peXuUMe HeENPOAOMKUTENBHOE BpeMA Nocne Hadana M nepen okoHdyaHuem [JCK-
NaMepeHna (PUCYHOK 1).

3.7.1 6azosada nuHua npuodopa: Kpusaa AJCK, nonyvyeHHasa npu 3agaHHbIX YCNOBUAX MPU UCNOSb30Ba-
HUXU ABYX NMYCTbIX TUTNENU OANHAKOBOW MaCChl, U3rOTOBNEHHbIX N3 OAHOTO U TOTO K& Marepuana.

[] punMeYaHWNE — basoBaa NMHUA npm60pa HEO6X0,EI,VIM8 NP NAMepeHNn TENNMOEMKOCTN.

3.7.2 basoBana nuHua oopasua: Kpusasa JCK odbpasua BHE 30HbI KAKON-NMOO peakuun Unu nepexoaa.

[TpuMmedyaHUA

1 B aTOW YacTn KpMBOWN pasfnnyme TENMOBLIX NOTOKOB TUMA ANA obpasua U STanOHHOMo TUMMS 3aBUCUT UCKMHOYN-
TelNbHO OT TEMNOEMKOCTU o0bpa3la n 6a30BOM NUHUK Npudopa.

2 basoBada NMHMA 0OpasLia NpakTUYeCKU rOPUIOHTAaNbHA, Tak KakK OTpaXaeT HeE3HAYUTENBHYH 3aBUCUMOCTb TENMO-
€MKOCTHU OT TeMnepaTypbl.

3 [na onpepeneHna TeNNOEMKOCTU HeoOXxoaMMO nony4veHne gnHamudeckon Kpueon CK, a Takke 6a3oBON NUHUA
npuoopa 1 6a3oBbLIX N3OTEPMUYECKMX JIMHUW HaYana U KoHUa namepeHna (PUCYHOK 1).

3.7.3 ycnoBHaa 6a3oBas NMUHUA: YCNoBHAA NMUHUA, NpOoBeAEHHAsA Yepe3 30HY peakunn u/mnu nepe-
xo04a, ecnu NPeanonoXXuTtb, YTO TENMOTA peakunm u/unu nepexoaa paBHa Hynmto.

3.8 cTyneHb: Pe3koe nonoXuTtemnbHoe wunu oTpuuaTtenbHoe u3MeHeHue BbICOThbl KpuBou [LCK,
npoucxogdiiee B orpaHU4EHHOM TEMMNEPATYPHOM UHTEPBAneE.

[TpumMmevyaHune — CtyneHb Ha KpuBon [JCK MOXeT ObITb CBA3aHa, Hanpumep, co CTEKNOBaHUEM (PUCYHOK 2).
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dQ/dt

— 1
errrrees D )

f

dQAdt — Tennoson notok, T — TemMnepatypa, t — Bpema;, T —dQAdtoT t(unn 7); 2— T oT {, 3 — BasoBad NMHWA obpasua; 4 — ycrnoBHas
OasoBaqa NMHUA; 5 — Gas3oBaqa NUHWA Npudopa; 6 — obnacTb KBa3UCTaLUMOHAPHOro COCTOAHNA, / — cTapToBasa U3oTepMuyeckasa basoBas
NUHUA;, 8 — KOHeYHasa nsoTepMuyeckada basoBasd NMHUA, 9 — HanpaBneHue aHAOTEPMUYECKOro adhdhekTa

PucyHok 1 — CxemMaTtunyeckoe naobpaxxeHme 6a3oBbiX NIMHUNA

[TpumevyaHNnA

1 Ecnn 4onycTUTb, YTO U3SMEHEHUE TENNMTOEMKOCTU NUHENHO 3aBUCUT OT TEMMNepaTypbl, YCNOBHYIO 0a30BYH NTUHUIO
MPOBOAAT, UHTEPNONUPYSA UMK SKCTpanonupya 6a3oByo NUHUIO obpasua no nNpsMon. YCNoBHYH 6a3oByH NMTMHUIO ODbIMHO
npuBoAadaT Ha Kpusown JCK ana yaobcTtea (CM. pUCYHKKM 1 1 2).

2 YcnoBHas 6asoBas NUHUA, NpoBeleHHas OT Hadana nuka 7 A0 OKOHYaHUA nuKka 7. (DasoBas NUHUA nNuka), No-
3BONAET onpedennTb Nnowaab NuKa, no KOTOPOWU MOXHO paccuyuTaTb TeNNnoTy nepexoga. ECnu B npouecce peakunu
MK nepexoga He NPOUCXOAUT 3HAYUTENBHOMO U3MEHEHUSA TENNOEMKOCTU, OA30BYH NTMHUIO MOXHO NPOBECTU, COEANHUB
NMPAMOW NMUHUEN Ha4vano KU KoHel nuka. [Npn 3Ha4YUTENBHOM U3MEHEHUKN TEMMOEMKOCTU OasoBas NIMHUA MOXET OblTb
CUrMoUganbHOW.

3 JKCTpanonupoBaHHaa U MHTEPNONUpoOBaHHasA yCcnoBHbIE Oa30Bble NMUHUN HE 00A3aTENBLHO coBNaAatoT (PUCYHOK 2).

3.8.1 BbICOTA CTYNEeHU: Pa3HOCTb MEXAY BbICOTAMMW 3KCTPANONMMPOBAHHbIX 0A30BbIX IMHUIA A0 U MNOCne
CTYMEHU, UAMEPEHHAA MPU BPEMEHU UNN TEMNEPATYPE, COOTBETCTBYIOLLEU TOYKE HA KpuBon LCK, paBHOOT-
CTOSALLEN OT 3TUX ABYyX 0a30BbIX IMHUN.

3.9 nuk: Yactb kpuson ACK, koTtopasa OTKNOHAETCA OT 0a30BOM NMUHMK obpasua, 40CTUraeT Makcumyma
1 3aTemM BO3BpaLlaeTca K 6a3oBon nuHnumM odpasua.

[TpumedyaHue — [luk Ha KpuBon LICK MOXET 03HaYaTh XMMUYECKYHO peaKLU NN nepexo NepBoro nopagka.
Hayano OTKNOHEeHUSA NUKa OT YCNOBHOW ©a3oBOW NUHWUN COOTBETCTBYET Ha4vany peakuun Unu npespalleHuns.

3.9.1 aHpoTtepMuyeckun nuk: MNuk, oTpakaroLUn ymMeHbLUeHUEe TENnnOoBOro MOToKa, noABEeAEHHOrO
K TUrNto ¢ obpasLom, rno cpaBHEHUIO C TEMNMOBLIM NOTOKOM, NOABEAEHHbLIM K STANOHHOMY TUTTIIO.

[] pUumMeEeHaHNE — Takon NukK coorBeTcTByeT npeppalleHUo C NnornoweHnem 1erJiorhl.

3.9.2 3k30TepmMmuyecKkumn nuk: uk, oTpaxkarowmn yBennm4yeHme TennoBOro noTtoka, nogBeaeHHOro K TU-
Mo ¢ 00pas3L oM, MO CPABHEHUIO C TEMMNOBbLIM NOTOKOM, NOABEAEHHbLIM K 3TANOHHOMY TUTTIIO.

[] pnMeYaHWE — Takon nuk coorTBeTCTBYET lNMpeBpalleHWNK C BbldelieHUNeEM TelNnJ10Thl.

3.9.3 nnowaab nuka: Nnowaab, orpaHUYEeHHAA MUKOM U UHTEPNONMUPOBAHHOW YCNOBHOW DA30BOU -
HUEN.

3.9.4 BbiCcOTaA NUKa: HanbonbLUuee paccTtosgaHne Mexay MHTeEPNoNMMpPoOBaHHON YCITOBHOW 0A30BOU NMUHUEN
n kpueon [JCK B obnacrtu nuka.

puMmedyaHne — BbicoTa nuka (BT unun BT/r) He 00A3aTenbHO NponopLUmnoHanbHa Macce obpasLa.

3.9.5 wunpuHa nuKa: PasHoCTb MeXxay HavyanbHOW U KOHEYHOU Temneparypamu (Unn BpeMeHeM), COOT-
BETCTBYIOLLUMU MUKY.

4
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e Temneparypbl T u BpemMeHa . 3TN TEPMUHbI oNpeaeneHbl HA PUCYHKE 2,

rae nsoopaxeHa tunudHasa kpusasa [ACK.

[TpuMmedyaHUA

1 Ana scex Tunos npudopos ACK crneayet pasnuyaTth ABa BUAa TeMrnepaTypbi:
- TemMnepaTtypy BONMN3N 3TaNOHHOro TUrNSA UNKU 3TanoHHOro obpasua;
- TeMnepaTypy BONU3nN UcnelTyemoro obpasta.

emMnepaTtypa BON13n aTanoH
NOCTPOEHMNSA TepMorpammel. [pun nucr

HOro TUMMS UMK 3TanoHHoro obpasla — 3To TeMnepartypa, NpeanoyYTUTeNnbHaa AnS
ONb30BaHUM TeMMepaTypbl BONMU3N UCNbITYyeMOro obpasla sTa MHopMaLnsa AoMKHa

OblTb BKNOYEHA B NPOTOKOJT NCTNbITAa

AUA.

2 XapaKTepucTuyeckue TemMnepaTypbl Belpa)atoT B rpagycax Llenbcua, cpaBHUTENBHbIE TeMNepaTypbl U PpasHOCTH
TeMnepaTyp — B rpagycax KenbBuHa, a XxapakTepuctuiyeckoe BpemMsa — B CeKyHAax Unu MUHyTax (PUCYHOK 2).
3 Kpusyto JCK MOXHO Takxe n3obpasuTb, yKasblBas Ha ocu abcumce BpeMa { BMECTO TeMnepaTypbl 7.

dQ/dt

d Q/df — TennoBon NOTOK;
2 — UHTepnonupo

f.m

I — Temnepartypa (Mnu t — Bpema);, 7 — sKcTpanonmpoBaHHasa daszoBaqa NMHUS,
BaHHaa ©a3oBad NMHUA, 3 — HanpaBneHWe 3HAoTepMUYecKoro adhdekTa

XapaKTepucTtuyeckue TemMnepaTtypbl
[TepBbIi NOACTPOYHLIA MHAEKC UMK ABa NOACTPOYHbLIX MHAEKCa 0O03HaYaroT nonoxeHue kKpueon LACK no oTHoLe-

HUHO K NMUKY WKW CTYINEHW.

- HayanbHas Temnepatypa 7.  nepBoe BUAUMOE OTKIIOHEHWe KPUBOW OT IKCTPanonvpoBaHHOW CTapToBOW ©a3oBON

NMUHUW

- UHTEepnonupoBaHHas (ANA NUKa) ToYKa NepeceyeHna MHTEPNONUPOBAHHOW YCITOBHOW Da30BOW NTMHUKM U Kaca-

U 3KCTpanonnpoBaHHas TENbHOWU, NPOBEAEHHOWN K TOYKE OTKINMOHEHUSA BOCXOAALLEN CTOPOHbI MUKA;

TeMmneparTypa Ha4dana nuka (ANA CTYNEHW) TOYKa NepeceyveHns SKCTpanonnMpoBaHHOW CTapToBON 6a30oBOW NMTUHUU U

Mnn cTynenm 7. KacaTeNnbHOW K TOMKE OTKIMOHEHWUS CTYMEHU;

- CpeaHaAA Temneparypa T . COOTBETCTBYET TEMMNepaType Ha NOMTOBUHE BbICOTHI CTYNEHN;

- TeMnepaTypa nuka Tp: TemnepaTtypa, COOTBETCTBYHOLLAA HAanbOoNbLUEMY PaCCTOAHUIO MEXAY KPUBOW N YCINOB-
HON ©a30BOW NMIMHUEN;

- MIHTepnonnupoBaHHasdA (ANA NUKa) ToYKa NepeceyeHna MHTEPNONUPOBAHHOW YCITOBHOW Da30BOW NTMHUKM U Kaca-

UK SKCTpanonupoBaHHas TENBLHOWU, NPOBEAEHHOWN K TOMKE OTKINOHEHUSA HUCNagatoLllen CTOPOHBI NUKa;

TeMnepaTtypa OKOHYaHUA (ANA CTYMEHWN) TOYKA NepeceveHns akCcTpanonnpoBaHHOW KOHEYHON ©a30BOW NMTUHUKN U

NMUKa unn CTynenu 7T KacaTeNnbHOW K TOMKE OTKIMOHEHWUS CTYMEHU;

- KOHeYHasa Temneparypa | nocneaHee BUAMMOE OTKNOHEHUE KPUBOW OT SKCTPanonmMpoBaHHON KOHEYHON ©Da30BOW
NTUHUWN.

BTopoi nogCcTpoYHbIA MHAeKe 06o3Ha4aeT TN NpeBpaLleHNns:

g — CTeKJT0BaHMe;
C — KpuUcTannunsauus;
M — nnaBneHune.

PUCYHO

K2 — TunnyHasa kpuBaga LCK (cxeMaTu4ecKkun YepTex)
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4 CywHOCTb MeToaa
4.1 Oowmne nonoxeHun

Pa3HOCTb Mexay TennoBblM MOTOKOM UCMbLITYEMOro odopasua nm noTOKOM 3TANOHHOIo TUIMA U3MEPSIOT
KakK PyHKLUMIO TemMnepaTypbl U/MNKM BPEMEHU NPU HArpeBaHMU NCNbITYEMOro obpasua u 3TanoHHOro Marepua-
na no ynpasnaemon TeMneparypHou nporpaMmme B yCTaHOBNEHHOU aTMOCepe.

Mcnonb3ytoT aABa tuna npuodopos ACK: OCK no tennoomy notoky n ICK ¢ komneHcaunemn mMoLLHOCTMN.

4.2 N1CK no TennoBOMY NOTOKY

cnbiTyembiM 00pasel v STanOHHbIM TUTENb UMK 3TANOHHbLIN 00paseLl ¢ NOMOLLLIO 00LLIEero HarpeBarens
nogBepralotr BO3JAEUCTBUIO OOHOU W TOM XKe TeMneparypHou nporpammbl. Pa3HOCTbL TemMnepartyp Mexay
UCMbITYEMbIM 00pasLUOM W 3TANMOHHBLIM TUMMEM WUNU 3TANOHHbLIM 00pa3LUoM AT BO3HUKAET BCNEeACTBUE UX
pPa3HbIX TeENNoemMKocTen. I3 aTom pasHOCTU TeMNEpATyp ONPEeAenaloT pasHULY TENMOBbIX NMOTOKOB MEXAY
UCMbITYEMbIM  00pasUoOM W ITANMOHHbIM TUMMEM WKW 3TANOHHbIM 00pPAa3LOM, KOTOPYIO PErUCTPUPYIOT
B 3aBUCMMOCTU OT TEMMEepaTypbl 3TANOHHOIO TUIMSA UMW 3TanoHHOro obpasua 7 . unu B 3aBUCUMOCTU OT
BPEMEHM.

Cxema npubopa ICK no TennoBoMy NOTOKY NpUBeAEHA HA PUCYHKE 3.

4.3 ICK c KoMmneHcauuen MOLLHOCTN

B 1CK ¢ komneHcaunen MOoLLHOCTU UCMONb3YIOT MHAUBUAYArNbHbIE HArpeBaTenu Ang UCNbITyeMOro 0o-
pasua 1 3TanNOHHOro TUrMNA UNU 3TanoHHoro obpasua. PasHOCTb MOLLHOCTU, TPeOyeMylo AndA nogaep>KaHus
OAMHAKOBOW TeMMNepaTypbl UCNbITYEMOro obpasua n 3TanoHHOro TUrNS UM 3TanoHHOro odopasua, PerncTpu-
PYIOT B 3aBUCUMOCTU OT BPEMEHMU, NMPUYEM UCMbITYEMbIN 00pa3el 1 3TarnoHHbIN TUrENb UMW 3TANOHHbLIN 00-
pa3el noaBeprarT BO3AEUCTBUIO OAHOWN U TOU XKEe TEMMNEpATYPHOU NPorpamMmeil.

Cxema npubopa ICK ¢ komneHcaunemn mMoLLHOCTU nNpuBeeHa Ha PUCYHKE 4.

[na nsonepunodonuyecknx npnoopos AJCK ¢ KOMNeHcaLUMEN MOLLUHOCTU TemMnepaTtypy, OKpy>XaloLlyio
N3MEPUTENBLHYIO A4enKy (Hanpumep, TemnepaTtypy TenNnooTBOAALLENO yCTPONCTBAa), NoAAEPXKNBAKOT NOCTO-
AHHOMN.

T — ncnbiTyembln obpasel, 2 — 3TaroHHbLIN TUrenb UNK aTanoHHbIN oBpasel, 3 — TepMonapsb!;
4 — obLWKMK HarpeBaTenb, 5 — U3MepuUTenbHbIN KOHTYP Ana T , T _WAT, 6 — neub,

specimen
T, — TeMnepaTypa UcnbiTyemoro odpasta ( ); T, — TeMnepaTypa 3ITaNoOHHOro TUIMA UK 3TanoHHoro obpasua (T ),

T .
specimen

AT — pasHuUa TemMnepaTyp MWCnbITyemMoro obpasLa 1 STafloHHOro TUrMSA UMK 3TarloHHOro obpasua

PucyHok 3 — Cxema npudopa JCK no TennoBomMy noToKy
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17 — nonoXeHwe UcnbiTyemoro obpasua; 2 — NonoXxeHne 3TanoHHOro TUIMA WKW 3TanoHHoro obpasua;
3 — TepMoMeTpbl; 4 — MHAWBUAYaNbHble HarpeBaTenn; 5 — n3amMepuTenbHbIA KOHTYP Ana T

specimen ref?

6 — YyCTPOWNCTBO ANA KOMNEHCaLUMM MOLWHOCTK, / — TennooTBoAdALee YCTPOUCTBO, 7.— TemMnepaTypa BONu3un obpasua (7 );

specimen

T, — TeMnepaTypa BONU3N 3TafloHHOro TUMA UNK 3TarioHHoro obpasua (7T _)
ref

PucyHok 4 — Cxema npubopa ACK ¢ KomneHcaumen MOLLHOCTH

5 Annaparypa v matepuans.l
5.1 Mpndop AOCK, 0CHOBHbIMWU CBOUCTBAMU KOTOPOIO ABMAIOTCA:

a) CUMMETPUYHOE YCTPOUCTBO AepXKaTtensa TUrnen ana ucnbityemoro odpasua, 3ranoHHOro TUrnsg Unu
3TaNOHHOro odpasua;

b) obecneyeHne NOCTOAHHbLIX CKOPOCTEN HArpeBa N OXNaXaeHua, NPUrogHbIX And npeanonaraemMbix U3-
MEPEHUMN;

C) noaaep>kaHue NnoCTosHHOW TeMnepaTypbl UCTMbITAHUA C NMOrPeLUHOCTLIO HEe bonee £ 0,3 K B Te4yeHune
He MeHee 60 MUH;

d) BO3MOXXHOCTb CTyNeH4YaToro HarpeBsa u oxnaxaeHus.

[MpumeyaHne — OObIYHO 3TO JOCTUrAETCA COMETAHNEM NIMHENHOIO HarpeBa WUin oxnaxaeHnsa ¢ peXxMMomMm nop-
N EeP>XXaHNsa NOCTOSTHHON TeMNepaTypbl;

e) nogaepKaHne noCTodHHOMU CKOPOCTU MPOAYBKU ra3om, KOHTPONMMPyeMoun € TOYHOCTLIO = 10 % (Ha-
npumep, B uitepeane ot 10 ao 100 mn/MuH).

MpumedyaHne — dakTuyeckas CKOPOCTb raza 3aBUCUT OT KOHCTPYKLMKN UCMONb3yeMoro npundopa;

f) TemnepaTtypHbin nHTEPBAN U3MEPEHUIN, COOTBETCTBYIOLLNIA TPEOOBAHUAM SKCNEPUMEHTA;

d) AuanasoH TennoBoro notoka He meHee = 100 MBT;

h) 3anucbiBaKOLlee YyCTPOUCTBO, aBTOMaATUYECKU PETMCTPUPYIOLLIEE B BUAE KPUBOU USMEHEHNE TENMOBO-
o NOTOKa B 3aBMCMMOCTU OT TEMNEPATYPbl U BPEMEHMU;

) N3MepeHue TemnepaTypsl ¢ pasperieHnem He meHee = 0,1 K n TOYHOCTbIO HEe MeHee £ 0,5 K;

|) uaMmepeHue BpeMeHun ¢ pasperleHnemMm He meHee £ 0,5 ¢ n TOYHOCTLIO HE MeHee £ 1 C;

K) "amepeHue TennoBoro NoToka ¢ paspeLueHnem He meHee + 0,5 MKBT 1 TOYHOCTLIO HE MeHee £ 2 MKBT.

5.2 Turnn ana ncnbiTyeMbiX 00pa3LioB U STANOHHOro obpasua. Turnu AonKHbl ObITb OAHOIMO U TOMO e
TUNa n pasmMmepa, N3roToBneHbl N3 O4HOIO U TOrO XXe Mmatepuana u UMeTb ONU3Kkne 3HavyeHns maccenl. B npouec-
C€ U3MEPEHUN TUTNU AOIMKHbI ObITb PUINYECKN U XUMUYECKN MHEPTHLI K UCNbITYEMOMY 0Dpa3sLy, 3TanOHHbIM
Marepuanam u raszy anda npoayeku (CM. npunoxxeHnda C n D).

[TpumeyvyaHne — 3HadA yaenbHYIO TENNOEMKOCTb MaTepuana TUrnein, B criydyae HeobxoMMOCT MOXHO apud-
METUYECKN KOppeKTUpoBaThk HebonbLUNE pas3nMynsa B Macce TUMMe.

[TpegnoyYTUTENBbHO UCMONL30OBATbL TUTNKU N3 MaTepuana ¢ BbICOKOW TENMONPOBOAHOCTbIO, HAMPUMEP,
M3 antoMmHmna. Ytobbl n3dexxatb U3SMEHEeHUA AaBreHud BO BPeMdA U3MEPEHUN U obecneynTb rasoodomeH
C OKpy>KatoLlen cpeaoun, NpeanoyTUTENbHO NCNONb30BaTh BEHTUNUPYEMbIE TUrnn. OaHaKko Ansa crieunarnb-
HbIX Llenen MOryT noTpeboBaTbCA TUMMNU C KPbILLKAMU (TEPMETUYHO 3aKPbITbI€ TUTNIN), KOTOPbIE AOIMKHbI Bbl-
aep>xmBaTb U30bITOYHOE AaBNEHUE, KOTOPOE MOXKET BO3HUKHYTb B NpoLiecce n3MmepeHus.

[Tpn MCNONb30BAHUUN TAKUX TUITIEN BbICOKOIO AAaBNEHUS UMK CTEKIMSAHHbLIX TUTMEN CneayeT yynTbiBaTb

UX OTHOCUTENbHO BbICOKYIO MAcCy U HU3KYIO TennoeMkocTb. MoxkeT noTtpedoBarbCa NOBTOPHAA KanubOpoBKa
npuoopa.
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[] pnMeYaHWE — |_|pI/| MCNONBb3OBAaHUU TUIMEW BbICOKOIo aBNeHUa Unu [ePMEeTUHHO 3aKPbITbIX TUIMen N3amMmepe-
HUA HE BCEla NPOBOAAT MNP NOCTOAHHOM AdaBJ1€HUMN. CnepoBaTenbHO, MOXET He BLINONHATLCA Tp66OBaHM6 O MNOCTOAH-
HOM AaBJl1ieHWUW NMpKn NaMepeHUn SHTallblMnn U1 y,EI,EJ'II::HOI:ﬁ TEMNJIOEMKOCTN.

5.3 Becbl nabopaTtopHbie ¢ ueHon geneHua 0,01 mr.

5.4 OTanoHHbIE MaTepuansbl, 0XBaTbIBAOLLUUE NHTEPECYIOLLMU TEMNEPATYPHbLIN MHTEPBAN, NPEaNOYTH-
TeINbHO U3 CNUCKA PEKOMEHAYEMbIX MaTEpPUaAnoB nNpunoxxeHunsa C.

5.5 a3 ana npoayBKM — NpPeanoOvYTUTENBHO CYyXON MHEPTHLIW ra3 NN a3oT YUCTOTON HE MeHee 99,99 %,
NCMOonb3yemMbli ANA TOro, YToObl HE AONYCTUTb OKUCINUTENBLHOW UIMKU TMAPONUTUYECKON AeCTPYKUUM obpa3sua B
npoLecce ncnbiTaHuUs.

[1na nccnegoBaHna XMMUYECKUX peakuun, BKNoYasa OKUCNEHUE, MOXKET NOoTpeboBaTbCA cneunanbHbI
PeaKLUMOHHOCNOCOOHbIN ras.

Ecnu BMmecTo 6annoHHOro rasa ansd npoayBKu U KOHTPONS atMocdepbl B NpoLiecce UCNbITaHUSA NCNOSb-
3YIOT ras, NoONy4YeHHbIN C NOMOLLBLIO ra30BOro reHepartopa, T0 PEKOMEHAYETCA YCTAHOBKA COOTBETCTBYIOLLIEN
CUCTEMBbI OCYLLUKMU U PUNbTPALIUMN.

PexkomeHoyemcea npumeHamp a3om no OCT 9293 nosbiwieHHOU Yucmombl, doriyckaemcs rnpumMeHe-
HUe mexHu4deckoeo aoma no OCT 9293 ¢ npuMeHeHuUeM ocywiumernsa, PpeKoMeH008aHH020 u320mosume-
niem npubopa.

6 Ob6pa3ubl AN NcnbITaHUA

McnbiTyeMbi obpasel MOXET ObITb KakK B >XUAKOM, TaK U B TBEPAOM COCTOAHUW. [lonyckaercsa nodas
doopma TBEpPAOro obpasua, KOTopyrd MOXHO MOMECTUTb B TUrenb (Hanpumep, NOpPOLUOK, TAONETKU, rpaHynbl,
BONOKHA). O0pa3subl TakKe MOryT ObiTb OTpe3aHbl OT hparMeHToB Npodbl donbLuero pasmepa. Ombéop npob
criedyem ocywecmaerigimb 8 coomeememesuu ¢ HopMamueHbIM UIlu MEXHU4YeCcKUM OOKYMEHIMOM Ha Mamepuarl,
Uusnu crnocobomM, coarnacoeaHHbiM MEXO0y 3auHmepecosaHHbIMU cmopoHamu. VcnbiTyemblin obpasel AOMmKeH
ObITb NPeaACTaBUTENbHLIM ANA Uccneayemoun npoodbl, rOTOBUTL €ro U odpaLlarbCa ¢ HUM CrielyeT ¢ OCTOPOXKHO-
cTbto. Oco00e BHUMaHue criegyetr oopatutb Ha TO, YTOObLI U3DEeXaTb 3arpA3HEHNS UCNbITYEMOro obpasua. Ecnu
obpaseul oTpe3atoT oT hparMeHTOoB nMpoObI donbLUEro pasmMmepa, cneagyer nsbderatb ero HarpesaHusa, opneHTaunm
nonumepa unu gpyrux Bo3AeNCTBUU, KOTOPbIE MOIYT U3MEHUTb CBOUCTBA obpa3sua. Cneayer nsderatb gpoodne-
HUA, KOTOPOE MOXET Bbi3BaTb HArpeBaHWE UMW NepeopueHTaunto, BCNEACTBUE YEro NU3MEHUTb TEPMUYECKYIO
npeabicToputo Npoodbl. Cnocod otdopa Nnpod n NoAroToBKKM obpasua npMBoAAT B MPOTOKOME UCMbITAHUS.

Ecnu ncnonb3yloT repMeTUYHbIE TUMNU UNU TUTMNA C KPbLILLKOW, UCNbITYEMbIN 00pa3eLl, He AO0IMKEH Bbi3bl-
BaTb Agedopmaunto gHa Turnd. Mexxay ncnbityembiM 00pasyom U TUrNEM, Kak U MexXay TUrnem u aepxxatenem

TUIMNSA, A0IMKEH ObITb XOPOLUMI TENSIOBOW KOHTAKT. PekomMeHayemasa macca obpasua ans UcnbitTaHnug — om
2 00 00 40,00 me.

[TpuMmeyaHune — HenpaBunbHasa NnoarotToBka obpaslia MOXET NOBMUATbL Ha CBOWCTBA UCMBITYEMOro NosimMmepa.
JononHutenbHas HdopMaUns npuBeaeHa B NpuUnoxeHuu E.

7 YcnoBusi npoBeaeHUs1 UCNbITaHUA U KOHAULMOHUPOBaHUA 00pa3LoB
arst UCNbITaHUSA

7.1 YcnoBusa npoBeaeHUA UCNbITAHUA

B nsmeputenbHoOn a4euke cneayet nogaepxmpartb atMmocdepy, COOTBETCTBYIOLLYIO MPeACcTOALLEMY UC-
NbITAHUIO.

[Tpn oTCYTCTBUKN cneumnanbHbiX TPeO0OBaHUN ANA HEKOTOPbIX BUAOB UCMNbITAHUW ANA obecrneyeHns BOC-
NPON3BOAUMOCTU BCEX UIMEPEHUU U KanNUOPOBOYHLIX Npoueayp pPeKkoOMEeHAYETCA UCMONb30BaTh 3aKPbIThIE
BEHTUNUPYEMbBIE TUTTNIU, U3TOTOBNEHHBLIE NMPEANOYTUTENLHO U3 aNIOMUHNA.

PekomeHayeTca, 4yToObl 000pygoBaHue ObINo 3aLUULLEHO OT CKBO3HAKOB, MPAMbIX COMMHEYHbIX JTy4en U
PE3KUX UBMEHEHUN TEMNEPATYPLI, AAaBNEHNA U HANPSXKEHUS.

7.2 KoHanuMoHupoBaHue oo6pa3LOoB ANA UCNbITAHUSA

[lepen M3aMepEeHUAMN UCTIbITYEMbIE 00pa3Lbl KOHANLIMOHUPYIOT B COOTBETCTBUWN C HOPMAMUBHbLIM UIU INEX-
HUYECKUM OOKYMEHIMOM Ha Mamepuar nnn cnocodbom, COrnacoBaHHbIM MEXAY 3aNHTEPECOBAHHBIMU CTOPOHAMM.

38



[OCT P $5134—2012

Ecnn HeT apyrnx ykasaHun, To A0 HAQ4Yana uU3aMepeHun odbpasubl BbICYLLUMBAOT 40 MOCTOAHHOW MACChI.
[1pn 3TOM YCNoOBUA CYLLKW CreayeT BblOMpaThb TakK, YTOObl UCKIIOYUTL CTAPEHUE UM UBMEHEHUE CTEMNEHU KPU-
cTannM4HoCcTn obpasLoB.

HpMME‘-IaHVIe — B 3aBUCUMOCTUM OT TUMA MaTtepualia W €ro TepMW—IECI{Oﬁ NPeidblCTOPUN CnocooObl NOoATroTOBKH W
KOHOWUNOHNPOBaHWUA I'Ip06bl N UCTbITYEMbIX 06p83LI|OB MOI'YT 3HAaYUTEJIbHO MNOBJIUATE Ha peadyliblratbl UCTMNbITaHWUA.

8 KanunbpoBka
8.1 Oowumne nonoxeHun

[lepea BBOAOM B 3Kcnnyatauuio HOBOro npubopa unu nocne 3ameHbl nnm mogundukaLmm ero OCHOB-
HbIX YaCTEeU, a TakKe nocne OYUCTKU U3MEPUTENBLHON A4YEUKU HArpeBaHMEM NMPU MOBLILLEHHON TEMMNEpPATypE
npunoop JCK cnepyer otkanubpoBaTb X014 Obl N0 TeMneparype u tennorte. [Anga namepeHuna TennoemMKoCTH
MOXKET noTpeboBaTbCA AOMNOMHUTENbHAA KanMbdpoBKa NO TENMMOBOMY MOTOKY. [TOBTOPHYIO KanuOpoOBKY Mpwu-
Oopa cneayet BbIMNOMHATL PEryNApHO Yepes onpeaeneHHble HTepPBAarbl BPpEMEHU, HANpUMep, ecnu npuoop
NPUMEHSAIOT ANA KOHTPONA Ka4ecTBa NPOoAYKLUUMN.

[MTpumedvyaHune — YacTto npoueaypa kanmdbpoBKK NpeaycMoTpeHa NporpaMMHbIM obecneyeHnemM npudopa un Ta-
KuM 06pa3om YacTMYHO aBTOMaTU3NPOBaHa.

[TOBTOPHYIO KANMOPOBKY Npubopa HeoOXoa4MMO NPOBOAUTL KaXKAblK pa3 rnocrie cyLwecTBEHHOIO N3MEHE-
HUA ycnoBun ucnbitaHng. Npun HeobxoaMMOCTU MOXKHO NPOBOAUTL Oonee 4yacTylo KanmbdpoBKYy.

Ha KannbpoBKYy BIUALOT:

- TN ncnonb3dyemoro npudopa ACK n ctabunbHOCTL €ro napamMeTpoB;

- CKOPOCTb HarpeBaHuda U oxnaxkgeHu4;

- TUN UCNONb3YEMON CUCTEMbI OXNAXKAEHUA;

- TUN rasa and npoayBku U €ro CKOPOCTb;

- TUN UCNONb3yEMbIX TUTNEU, NX PA3MEPLI N NONOXKEHUE B AepXKaTene TUrNeu;

- NMOJIOXKEHUE UCMbITYEMOro obpasua B TUMME;

- Macca 1 pasMmep 4yacrtul UCnbiTyeMoro oopasua;

- TEPMUYECKUWN KOHTAKT MeXay Turnem Anga oopasua un gepxarenem Turns.

B cBA3N C 3TUM PEKOMEHAYETCHA yKa3blBaTb (PAKTUYECKME YCNOBUA, NMPU KOTOPLIX OyayT NpoOBOAUTLCH
UCMbITAHWNSA, HACTONbKO TOYHO, HACKONbKO 3TO BO3MOXXHO, U BbIMOMHATbL KAanMOpPOBKY MPU TEX e YCNOBUSX.
KomnbtoTepusnpoBaHHble npudopbl AJCK Moryt npoBoAuUTb aBTOMATUYECKYIO KOPPEKLIMIO HEKOTOPLIX (PaKTO-
POB, MPUBOAALLUMX K OLLIMOKAM.

KannbpoBKy NPOBOAAT C UCMOMb30BAHUEM TAKUX XKE TUTNEN, U3 TAKOr0 XKe MaTtepuana, Kak u npu nocre-
AyoLWnx nsmepeHnax. Npoayeky oCyLLECTBMAOT TEM XKE ra3oM U C TOU XKE CKOPOCTLIO.

[1na npegorBpalleHna B3aMMOAEUCTBUA MEXAY STANOHHbIMKU MaTepuanamMmm n TUrNAMMU 3TanOHHbIE Ma-
Tepuanbl HarpeBarT 40 TEMMNEPATYPLI, NMPEBbILLAKOLLEN TeMnepaTypy nepexoga Ha 10 °C — 15 °C.

Cpasy nocre nposeaeHna nusmepeHuna odbpasLbl XkenaTtenbHO OXNagnTb HUXE TEMNEpaTypbl nepexoaa,
YTOObI BEPHYTb UX B NEepBOHA4YaribHOE COCTOSHUE.

[na oObIYHbIX U3MEPEHUIN AOCTATOYHO UCMONMb30BaTb METOAblI KanuOpPOBKU, YCTAHOBIIEHHbIE B 8.2 —
8.5. [1na bonee ToYHbIX U3IMEPEHUN MOXHO UCMNONbL30BaTb METOAbI KANMMOPOBKU, YCTAHOBNEHHbLIE B MPUIOXKE-
HUaAx A u B.

8.2 J9TanoHHbIe MaTepuarnbl

[lna ocywlecTtBneHnsa KanndbpoBOK PEKOMEHAYETCHA MWCMNOMNb30BaTb CEPTUPUUMPOBAHHLIE 3TANOHHbLIE
Matepuansl. icnonb3yemble npu KannbpoBkax 3Ha4yeHua Temnepatypbl 7, TENNOTbI NpeBpalleHna AQ .
1 yAenbHOU TEeNMOeMKOCTU ¢, . AOIDKHbI COBMaaaTh CO 3HA4YEHUAMM, yKa3aHHbIMU B NpunaraeMom K 3TarnoH-
HOMY MaTepuany cepTudukare.

[1pn OTCYTCTBUU CEPTUMPULIMPOBAHHBLIX XapakTEPUCTUK CNeaYyET UCNONbL30BaTh 3HAYEHUSA, YKA3aHHbLIE B
Tabnuuax C.1 — C.3 (npunoxeHue C). JononHUTENbHO ANS KanNnMOpPOBKU MOXXHO MUCMOMNb30BaTb Marepuarnb
C U3BECTHbIMU TENNOPU3UYECKUMU CBOUCTBAMU. ITANOHHbIE MaTepuarnbl HE AOMMKHbI B3aUMOAEWUCTBOBATL C
Marepuanom TUrNeEN U rasom Anga npoayBku (NpunoxxeHue D).

[1pu npoBeaeHnn KannbpPoBKU KaxXKablU pa3 NCMOMb3YIOT HOBbIN 3TArNoHHbIN 00pa3el. OKCUAHYIO NIEHKY
C NOBEPXHOCTK ITANOHHOIo Matepuana yaansatoTt, Aenad, HanpumMmep, cBexxkuu paspes. Ang ynyyieHus noBTo-
PAEMOCTU PEe3yrnbTaToB XenaTenbHO, YTOOLI 3TaNOHHbLIN MaTepUan 3aHnman B TUrMe O4HO U TO XKE NMONOXEHUE.
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Bo nsbexaHne HeaOCTOBEPHbLIX PE3YNLTATOB UMW MOBPEXAEHUA AepXaTena TUrnen cnegyer ncnorsb-
30BaTb Takoe COYeTaHue ITarnoHHOro Mmarepuana u marepuana TUMms, KOToOpoe He OKa3blBaeT BNUAHUA Ha
TemMnepartypy nnasneHua (npunoxeHue D). He cnegyet ncnonb3oBarb COYETAHUA, KOTOPbIE MOTYT NMPUBECTU
K paCTBOPEHUIO Marepuana Turns.

8.3 KanubpoBka no temnepartype

8.3.1 O0ue nonoXxeHus

KannbpoBka 3aknio4aeTca B yCTAHOBNEHUW CBA3WM MexXxAy Temnepatypou, usmepsiemon npubopom, 7

M TeMneparypoun nepexoaa sranoHHoromMarepuana 7_:7 =T _ +AT__ rtaeAl _—TeMneparypHasi nonpaska.
JTanoHHble Marepuanbl, He yKadaHHble B npunoxeHnn C, MOXXHO MCNOSb30BAaTb C LENbIO KanndpoBKu

TOJ1IbKO A5NA nepexogoB NepBoro nopdaaka, HanpummMmep niaBieHnAd HACTbIX BELLUECTB.

MpnmedvyaHune — WMHdopMaumsa o TeMmnepaTypax NepexoJoB COAEpPXKUTCA B cepTudukaTax, npunaraeMbix
K 3TAJIOHHBIM MaTepuarnaMm, a Takke B aBTOPUTETHBIX NIUTEPATYPHbIX UCTOYHUKAX.

C NOMOLLBIO ITANOHHbLIX MaTepuanoB, NePeYnCrieHHbIX B npunoxeHun C, kanndpoBKa No Temneparype
MOXET ObITb BbINOMHEHA TONbKO B pexume HarpesaHus. OgHako A0MKHbIM 00pa3omM KanmbdbpoBaHHbIE NPUOO-
Dbl, JAlOLLNE HAAEXHbIE Pe3ynbTaThl B PEXUME HArpeBaHUA, MOTYT HE AaBaTb TAKUX XKE PE3YNbLTATOB B PEXU-
Me OXNnaKgeHuda U3-3a BO3HUKAIOLLEro nepeoxnaXkaeHna BeLecTBa BO BpeMA paccMaTpuBaeMoro nepexoaa.
CoBnageHne teMmneparypHou LiKanbl Npu HarpeBaHUM N OXNna)XKgeHUM MOXET ObiTb MNPOBEPEHO C NOMOLLbIO
BELLIECTB, KOTOPbIE HE NMepeoxnaXKgartTcd, HanpuMep >XNaKux KpucTannos.

8.3.2 MeTtoauka npoBeaeHUA KanmMOpPOBKN

B naHHOM MeTOAMKE onncaHbl MUHUMAaIbHbIE TPEOOBAHUA K NPOBEAEHUIO KANMOPOBKKU NO TEMMNEpPATYPE.

BbiOupatloT He MeHee ABYX 3TanoHHbIX Marepnanos, COOTBETCTBYIOLLUX TpedbyeMOMYy Ananas3oHy TeEMIE-
paTyp, N B3BELUMBAKOT UX B antOMUHUEBLIX TUTNAX XKENaTeNbHO C OKCUAUPOBAHHOU MOBEPXHOCTLIO.

[locne nnaBneHnsa U pekpuctannu3aumm Ka)xaoro aTanoHHOro oopasua npoBoAAT HArpeB, PErMCTPUPYSA
MUK nnasneHnda. OxnakaeHue n HarpeB NPOBOAAT CO CKOPOCTbIO, KOTopasa OyaeT ncnonb3oBaHa B Nocneayto-
LLINX U3MEPEHUAX.

[1na ka)goro USMEpPEHHOro nNMKa nraBneHua onpeaenatoT SKCTPanonMpoOBaHHYO TEMNEpPATYPyY Ha4vana
nuKa Tei’m (PUCYHOK 2), UCMONb3ya UHTEPNONMPOBAHHYIO YCMOBHYIO DA30BYIO NUHUIO, MPOBEAEHHYIO MEXKAY Ha-
yanom M OKOHYaHuUeM nuka.

Bbluutas akCTpanonupoBaHHyO TeMnepaTypy Hayana nuka 7' M3 UCTUHHOMW TeMneparypbl nepexoaa

T’ ANS Ka)aoro 3ranoHHOro Marepuana /, nonyyator TEMMNEepaTypHYIO NONpaBsKy AT’
AT =T T/ (6)

corr cal ei,m

3aTeM KOpPPEeKTUPYIOT TEMMEPATYPHYIO LWKany npubopa, UCNonb3ys NUHENHYIO NHTEPNONALUIO TEMIE-
DATYPHOW NMONPAaBKWU B Npeaenax TeMmnepartypHoro guanasoHa, NoKpbIBAEMOro 3TanOHHbIMKM MaTepuanamu,
B COOTBETCTBUU C POPMYITON

1
1 2 1\ I =Tl
Alcorn(T) = Algorr +(ATcor —Alcor) 2 081 | (7)
7-cal - 7-cal
rae AT1mrr, AT? o — TEMNEPATYPHbLIE Nonpaskn ANA ABYX 3TANIOHHbIX Mar€punarnos,
T1ca|, Tanl — WUCTUHHbIE 3HAYEHNA TEMNEPATYP nepexoga ABYyX 3TAJTOHHbIX MaTepuaros.

YToObl CBECTU K MUHUMYMY OLLUMOKK, BbI3BAHHLIE OTKIOHEHUEM OT NMUHENHOWN 3aBUCUMOCTU TEMNEPATYP-
HOW MONpPAaBKW OT TEMMNEPATYPbI, PEKOMEHAYETCA YMEHbLUNTL ANANa30oH TEMNEPATYP, NOKPbIBAEMbIN ABYMS
3TanoOHHbIMKU MaTepuanamu. na 6onbluMX AManasoHOB TeMNepatypbl cCneayetr Ucnonb3oBartb Honee AByX
3TalTOHHbIX MaTEPUanoBs.

[TpumevyaHn4
1 INpn wncnonb3oBaHnM Oonee ABYX JSTANOHHBLIX MaTepuanoB MOXET noTtpeboBaTbCcad MNOMMHOMUHAaNbHAaA

MHTEpPNONALUS.
2 B HekoTopbIx Npubopax BO3MOXHa aBTOMaTM4YecKasl KoppeKUunsa TeMnepaTypbi.

[1aHHbIK cnocoO KanMOPOBKKM 3aBUCUT OT CKOPOCTU HarpeBaHUA U AOMMKEH BbIMNOMHATLCA ANA KaXa0u
CKOPOCTU HarpeBaHU4.

8.3.3 TOYHOCTbL KanNnMopPOBKH

TOYHOCTb AAQHHOW KanuopoBku MOXeT ObiTb nydwe = 0,8 K npu ycnoBuu, 4tTo pasHOCTb TEMMEpPA-
TYp NNaBneHusa 3TanoOHHbIX MaTepuanos He npeBbilaeT 50 K n 3aBUCMMOCTb AT OT T nuHenHa. [pu
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OonbLien pPa3HOCTU TeMnepaTyp U 3HAYUTENbHbIX OTKIIOHEHUAX OT JIMHEWHOCTU TOYHOCTb KannOpOBKU
yxyawlaerca [1], [2].

bonee ToYHbIN CNOCOD KanMOpPOBKKU NO TEMNEpATYpPE, YYUTbIBAIOLLNIA BITUAHUE CKOPOCTU HArpeBa, npu-
BEJEH B NPUIOXKEHUU A.

8.4 KanubpoBka no rennore

8.4.1 O0OwwMe NnonoXxeHus
[laHHaa kKanubpoBKka yCTaHaABNMBAET COOTHOLUEHWE MeXay W3MEepPeHHOW npudbopoM TENNOTOW

4 t, )
AQ | AQ,, = j%dt . nponopuuoHanbHOW nnowaan, orpaHndyeHHon AOCK-kpuBOoW M ycnoBHOW ©a30BOU NU-
\ 2 )

HWEWN, N CTUHHOW TennoTon AQ,, NOrMOLEHHOW UNK BblAENEHHON 0Opa3LIOM B pesynbrate Kakoro-nubo npe-
BPALLEHWS, yCTaHaBNMBAsi PABEHCTBO AQ =K (7) AQ_, B KOTOpoMm K (7) — KanubpoBOYHbIN KOIDPULNEHT,
3aBUCALLUMK OT TEMNEPATYPHI.

[Ina sTanoHHbIX Matepuanos AQ, = AQ__ .

8.4.2 Metoauka npoBeaeHus KarnnnopoBKU

B AaHHOW MEeToAuKe onmucaHbl MUHUMAanNbHbIE TPEOOBaHNA K npoueaype nNpoBeaeHUsa KanubdbpoBKU NO
TENnoTe.

[1pn KanMOpPoOBKE NO TEMMOTE NMPOBOAAT TAKUE XKXE UBMEPEHUSA, KaK U NPpU KannbpoBKe No TemMneparype.

HarpesaHue nNpoBOAAT ANA OAHOro mMarepuana, npeanovTUTENbHO MHANSA.

[TpoBOAAT NMUHEWUHYIO YCNOBHYIO ©DA30BYIO NMUHUIO (CM. PUCYHOK 1) © no nnowaan mexay kpuson OJCK
1N YCIOBHOM 0a30BON NMUHUEN BbLIMUCHAIOT YAErbHYIO TENNOTY MNMAaBneHnsa no popmyne

Tf,m
1 60 1 d(AQ)

Aqm=m-BTj dt

1,m

rne Aq_— yaenbHOE M3MEHEeHWe TennoThl NnaBneHna, AQ /m;
m — mMacca 3rarnoHHoro obpasua;
3 — CKOPOCTb HarpeBaHu4;
d(AQ)
dt
T — Temnepartypa aranoHHoro obpasua.
KannOpoBOYHbIN KOIMMPUUMEHT K, nony4atoT ageneHneM UCTUHHOW yAernbHOW TennoThl NpeBpaLleHuns
3TanoHHOro matepunana Aq_ Ha U3MEPEHHYIO yaenbHYIO TENNOTY NpeBpaLLeHns AqQ

Ko=AqQ_JAG (9)

— pasHuua TennoBbIX NOTOKOB Mexay Kpuson ACK 1 ycrnoBHOW 0a30BOW NMUHUEN;

8.4.3 TOYHOCTbL KanNnuUopPoBKH

TOYHOCTb AAHHOro MetToga NpPu UCNONb30BAHUN UHANA MOXET ObITb HE bonee £ 2,5 %. KannbpoBO4HbIN
KOadhpuumMeHT 3aBUCUT OT MACCbl U TENNONPOBOAHOCTU 0Dpasua, OT CKOPOCTU Harpesa, PopMbl NUKA MaB-
neHna n temnepaTtypbl, NOSTOMY BO3MOXHO yxyaLueHne TodHoctn Ao = 10 % n bonee [1], [2].

bonee To4YHbIN CNOCO0 KAaNMOPOBKM NO TEMNOTE NPUBEAEH B NPUITOXKEHUN B.

8.5 KannopoBka no TennoBOMY NOTOKY

8.5.1 O0wMe nonoxeHusn

[1aHHaa kannbpoBKa yCTaHaABNMMBAET COOTHOLLEHUE MEXAY U3MEPEHHBIM NPUOOPOM TEMMOBLIM MOTOKOM
(dAQ/df) M UCTUHHBIM TennoBbIM NoTokoM (dQ/df) , T. €. TennoToun, nornowaeMon obpasLioM ¢ TeNNOEMKO-
CTbiO G, NPU CKOPOCTU Harpesa 3 n macce obpasua m

chm

dQ/dt), =
( Q )tr 580

(10)

[pn kannbpoeke ycTtaHasnueaeTcs cooTHowenune (dQ/di), = K ., (7)-(dQ/dY),, B KOTOPOM K . (T) —
3aBUCALLMIN OT TEMMNEPATYPbI KANMOPOBOYHbLIN KOIPPULINEHT.

KanMbpoBKy Mo TENAOBOMY MOTOKY BbINONMHAIOT ANA U3MEPEHUA YAENbHOW TENNMOEMKOCTU U USMEHEHUSA
yAenbHOW TENNOEeMKOCTU Npu TemnepaType CTeknoBaHus 7 .

Ina saranoHHbix matepuanos (dQ/df), = (dQ/di)

cal”
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8.5.2 MeTogmuka npoBeaeHus KarnnnopoBKK

KannbpoBKY MO TEMMOBOMY MOTOKY MOXHO BbIMONHATL C MOMOLLBIO KOPpYHAA (CUHTETUYECKOoro candoupa)
U1 Apyroro Mmatepunana, Ana KoToporo MMerTca HageXHble JaHHbIE O TEMNMOEMKOCTU B UCCNEAYEMOM TEMIE-
paTypHOM guanasoHe. TennoemMKoCcTb candupa npuBeaeHa B npunoxxeHunun C.

T
T

end

st

dQy/dt

6
(d Q/d t) ?so,end

(d Q/d t) ?so,end

(dQ/dH)S

180,st

(dQ/d)?

iso,st

7 — onbIT € 3TaNoOHHbIM 00pa3suUoM; 2 — ONbIT C NYCTbIM TUMeM; 3 — KBasUcTauuoHapHaa ctagus,
4 — HaJvanbHaa nsoTepMUYecKkasa cTagusa; O — KoHeYHaa nsotepMudeckasa ctagua,; T — TeMnepartypa,;
dQ/df — TennoBoW NOTOK, { — BpeMa; 6 — HanpaseHue aHOomepmMmu4eckoao aghghekma

PUcyHOK 5 — Kpueble [JCK Ansa kannbdpoBKK NO TENNOBOMY MOTOKY

Maccy aTanoHHOro oopasua cneayert Bbidonparb Takum 00pasom, YToObl €ro TENMOEMKOCTb Oblna 0nms-
Ka K TennoeMKOCTU UCNbITyemMoro oopasua. Icnonb3yoT TUIMMKM TAaKOro >Ke TUNa u TakoWu e Maccbl, Kak Ans
N3MEPEHUN C NYCTbIMU TUTNAMU U C STANOHHLIMKU ODpasLamMn.

[MpOBOAUTb UCNLITAHUA 3TANOHHbIX 00PA3LOB U MYCTbIX TUTNEN CNEAYET N0 OAHOW U TOU XXE TEMMEPATYP-
HOW nNporpamMme, BKN4arLlen Tpu ctaaun (PUCYHOK 5):

- Ha4anbHYIO U3OTEPMUYECKYIO CTAAUIO ANA UCTbITAHUA 3TANOHHOro obpasua (dQ/di)* ., ¥ onbITa C My-
CTbiMM TUrMAMK (dQ/D°

- CTaguio AnHaMMu4ecKoro HarpesaHua (onTtumanbHasa ckopocTtb Harpesa — 10 K/MUMH, NpoaomxuUTeEnb-
HOCTb — 10 — 30 MKMH) ANA ucnbiTaHKUAa atanoHHoro obpasua (dQ/dH)*u onbita ¢ nyctbiMu TUNAMU (d Q/d)°;

- KOHEYHYI0 N30TEPMUYECKYIO CTaAUIO ANA UCMbITAHUA 3TanoHHOro obpasua dQ/dh*, ..o W ONbITA C My-
CTbiMU TUrNAMU (d Q/dt)“isn’end.

N3oTepMmnyeckne ctagumn gomkHbl ObITb 4OCTATOYMHO NPOAOIMKUTENBbHLIMU (OT 2 A0 5 MUH), YTOOLI 00e-
CNEYNTb AOCTUXKEHUE KBA3NUCTALMOHAPHOIO COCTOAHUS.

B kBasaucraynoHapHoM ANHAMUYECKOM UHTEPBAaNe COOTBETCTBYIOLLUME 3HAYEHUSA TENNOBbLIX MOTOKOB, N3-
MEpPEHHbIE ANA 3TAaNOHHOro odpasLua 1 NycToro TUrnNs, oueHUBaKT B COOTBETCTBUKU C chopmynon (11) n orcne-
XXMBAIOT B 3aBUCUMOCTU OT TEMNepaTypbl AnNdA NOAyYeHUa KanmdpoBOYHON (PYHKLNW K(Wdf)(n

coPN(T)- B Moy + 5 (T)-B- (Mg —m;)
Kdaran(T) = — _ . P _ — (11)

Q Q (d )5 (d )5 Q Q (d )O (d )O
S S df /. df /. 0 0 df /. df /.
o0 1 (d ) (cllt ) T soene oS (F— Lot | — (C(IZII‘ ) (c;f ) ¥ So.8ne oS (t tst)) b

ISO,st tend o tst 1SO, st tend o tst

12
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rne cpca', C*" — yJA€enbHada TENMOEMKOCTb 3TANOHHOIo Marepuana u matepuana Turna COoTBETCTBEHHO;
3 — CKOPOCTb HarpeBaHUA;
m_, m, m — mMacca 3ranoHHoro obpasua, macca Turna Ans obpasua u macca 3TanoHHOro TUMMS
COOTBETCTBEHHO.

N3 pucyHKka 5 cneayert, 4uto dhopmyny (11) MOXKHO ynpoCTUTL creaytowmm oopa3om:

cp (T )BMeg) + Cg (T)B(mg —m)

K (T) =P P |
(dQIdD) 60[ A(dQ/dt)* — A(dQ/dt)°]

(12)

9 lNpoBegeHne ncnbiTaHuA
9.1 YcTaHOBKa napamMeTpoB npubopa

9.1.1 BknroyeHue

[na sbixoaa npuoopa OCK Ha pexxum ero BKMo4yatoT He MeHee yeMm 3a 1 4 A0 npoBeeHUA KanmopoBKY
NN UCMbITAHUA.

9.1.2 a3 ana npoayBKMU

Ecnn HeT Apyrnx ykasaHunu, M3MepeHus BbIMOMHAKT C NPOAYBKOW Npundopa MHEPTHLIM ra3om (rernmem
Unu aproHom) unun asorom. Kannbposky npubdbopa npoBOoAAT C UCMOMb3OBAHUEM TOrO >KE rasa, 4to u npu no-
cneayroLwmx usMepeHunax.

9.1.3 YcnoBua npoBeaeHUA UCNbITAHUN

Ycnosus nposeaeHna ucnblitTaHMm (Hanpumep, CKOPOCTb HarpeBaHuUs, Mmacca UCNbITYEMOro oopasua) 3a-
BUCAT OT TUNA UCCNeayemoro TepMmm4eckoro adpdekra nu onncaHbl 8 cCoomeememeayrouwiux HopMmamueHbix 00-
KyMeHmax Ha KOHKpemHbie Memoodbl. MoryTt ObiTb NCNOMNb30BaHbl U APYrne ycrioBUA UCMNbITAHUN, YKA3aHHbIE
8 CoomeememsyrwiUuxX HopMamueHbIX Uu MEeXHU4YeCcKUX OOKYMeHmax Ha mMamepuar ufiu coarnacoeaHHble
3auHMepecoB8aHHbIMU CMOPOHaMLU.

9.1.4 MNMocTpoeHue 6a3oBOU NTUHUMN

[lycTble TUINMM 0AWHAKOBOW HOMWHANbLHOW MAaCCOW NOMELLAIOT B AepxXaTenn TUrnen AN UCnblITyeMoro
obpasua n 3TanoHHOro TUrnAa. 3aaatoT yCnoBuda NPoBEeAEHNS UCTIbITAHUN, KOTOPbIE OyAYT MCNONb30BaHbI NPU
drakTnyeckux ucnoiTaHnax. 3aperncrpmposaHHasa kpusasa AACK (Hanpumep, 6aszoBasa nuHua npudopa) A0mKHa
ObITb ONK3Ka K NpaMon NMMHUK B 3aJaHHOM UHTEpBane teMneparyp. Ecnn HabnoagaeTca 3Ha4YUTENbHAA KPU-
BU3Ha DA30BOW NUHUU, MPOBEPAIOT YNCTOTY AEPXKATENSA TUTTIEN.

[TpumMedvyaHne — [Ana KOMNLOTEPUINPOBAHHBLIX NPUOOPOB OCTAaTOMHAA KPUBU3HA MOXET ObITb UCTpaBlieHa Bhl-
YyutaHuem n3 kpueon JCK 6azoBon nuHum npmnbdopa.

Ecnu He yaaeTcd nony4YuTb AOCTATOYHO NMPAMYIO NMUHUIO, pernctpupytot Kpusyto LCK, npeaBaputenbHoO
yoeansLUMCL B €€ BOCNPOn3BOANMOCTMU.

9.2 3arpyska ucnbITyeMbIX 00pa3L OB B TUITIN

9.2.1 O0IMe NOoNnoXeHus

Obpasubl cnegyet 0parb NUHLETOM UNKU PyKaMKU B nNepyarkKax.

9.2.2 Bbi1bop TUINen

Mcnonb3yoT TONbKO YUCTbIE TUIMNXU COOTBETCTBYIOLLEro oObema U3 NPUroaHoro Ansd npencrosLUnX Us-
MEpPEHUU marepuana.

Kpome HEKOTOPbIX 0CODbIX UCMbITAHUA ANSA NMONYy4YEeHUA KONTMYECTBEHHbIX AaHHbIX, Yalle BCEro UCnosb-
3YIOT 3aKpbITble BEHTUNUPYEMbIE TUMMKU, oDecnevynBaloLMe AOCTATOYHbIM KOHTAKT C NMpoayBaemMblM ra3om.
B npouecce 3arpy3ku 1 3akpbiTUa cneayet UCKMIoYUTbL AedPopMUpoBaHUE TUTMEN, CNeaYyeT TakKe 00ecneyYnTb
XOPOLUMK KOHTAKT Mexay odpasuom n gepxxarenem TUrneun.

Mcnonb3yiloT ABA TUMMA: OAUH — ANd UCMNbITyemMoro obpasua 1 gpyron (00ObIMHO NMYyCTOW) — B KA4YE€CTBE
STANOHHOrO.

9.2.3 B3BewuBaHue TUrnga ang oopasua

Turenb AnNga UCnbITyemMoro odopasvua B3BELLUMBAOT C KPbILLKOW, pe3ynbraT B3BeLUMBAHUA (MI) 3anucCbiBaOT
C TOYHOCTbLIO 4O BTOPOro A€CATUYHOrO 3HaKa.

9.2.4 3arpy3ka ucnbityemoro oopasua

McnbiTyembin obpasen nomMeLlatoT B Turens Ana oopasua. Macca odpasua 3aBuCUT OT TOro, Kakon Te-
NIOBON 3PMEKT npegnonaraeTca U3MepATb, U YCTAHOBINEHA 8 HOPMAMUBHbIX OOKYMEHMax Ha KOHKPEMHbIie
MEemoOb! UCMbIMaHus.
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[MTpumevyaHune — [lpn nccrnegoBaHun NpeBpaLleHnii U peakUunini HanonHEeHHbIX NN apMUPOBaHHBLIX MaTepua-
JTOB 3a Maccy obpasLa NpUHUMaroT Maccy MNonMMepHon dpakumn, NPUBOAALLEA K 3TUM TennoBbIM addeKkTam.

[1Tpn HEOOXOAMMOCTU ANA NONMyYeHUda npeacTaBUTENbHOMO UCNbLITYEMOro obpasua npodby marepuana
FOMOTr€HU3NPVYIOT.

9.2.5 OnpeaeneHue Mmaccbl UCNbITYyeMOro oopasua

BaBeLunBaloT TUrenb ¢ 00pasyom U rno pasHoCcTu Macc TUrNa ¢ oo6pasyom U NycToro TUrN4, onpeaeneH-
HOW nMo 9.2.3, BbIMUCNAIOT Maccy obpasua.

Ecnu ncnbityembid o0pasel CoaepXUT MNeTydynme npoaykTbl, UX CNeayeTr yaanuTb COOTBETCTBYHOLLUUM
KOHAULUMOHUPOBAHNEM, OAHAKO KOHAULIMOHUPOBAHUE MOXKET USMEHUTL 00paseL BCNeacTBUe XMMUYECKUX pe-
aKkuuKn, CTapeHnda, UISMEHEHUA CTPYKTYPbI UMK CTENEHU KPUCTANNUYHOCTU. ECnu netyyune npoayKThbl ABAAKOTCA
BA>XHOW COCTABHOW YacCTblO UCMbITYEMOro obpasua, crieayeTr UCrnonb3oBaTb ra3oHENpPoOHULAEMbIE, rEepPMETUY-
Hble TUrnu nnu npuoop OCK BbiICOKOro gaBneHUs.

9.3 YcTtaHoBKa TUurnen

[1na npegorBpalLleHna KOHAEHcCAUUWU BRarn CHapy>ku Unum BHYTPU TUTNENU TUTTKM YCTaAHaBIUBAIOT B U3-
MEPUTENDBHYIO AYENKY NPU TEMNEPATYPE OKPYXKaAoLLEN cpeabl UNU HE3HAYNTENBHO Donee BLICOKON TEMMNE-
parype, HO He bonee 50 °C. Ecnu Turnu He 3arpy><ator aBTOMaTUYECKU, TO UCMOMb3YIOT MUHUET UMK APYION
noaxoaALMN UHCTPYMEHT, NPOBEpAda, UMEETCAa NN A0CTATOUHbIM KOHTAKT MeXay TUrmaMm n aepxatensamu
Turnen. [Npukacarbcqa K TUrMam cneayeTt TONbKOo pykamMu B nepyaTtkax. [locne 3arpy3km TUrmen U3MEPUTENb-
HYIO A4YENKY 3aKPbIBAIOT.

9.4 BbinonHeHne namepeHumn

9.4.1 OowWwMe NonoxeHus

[pn Temneparypax n BpemMeHu, 0rnm3knx K HavyanbHbIM, HAAEXHbIE AAaHHbIE HE MOTYT ObITb MOMYy4Y€EeHbL
B CBA3W C NepexoaHbIMU npoueccamMu, KOTOpble NPOUCXOAAT B HAYanbHbIX Nepuo ncnbitTaHnn. BnuaHune Ta-
KWX nNepexoaHblX npoueccoB TeMm 0onbLUe, YEM BbILLE CKOPOCTb HarpeBaHUa Unu oxXnaxkaeHus.

9.4.2 PeXXuM CKaHUpPOBaHUA

9.4.2.1 lNoarotoBka npnbopa

3anyckatoT nporpaMmy rnpudopa v ycrtaHaBnuBatloT napamMeTpbl AN BbIMOMHEHUA HEOOXOAMMOro TEep-
MWUYECKOro ckaHupoBaHuda. MoxXHO ncnonb3oBaTtb ABa TUNa NporpamMM: HEMPEPLIBHOE UMK CTYNEHYATOE Ha-
rpeBaHUE NN oOxXna)KaeHue.

9.4.2.2 BbINONHEHUE N3MEPEHUN

3anyckalT UCNONHEHNE TeMnepaTtypHoOMU nporpamMmmbl U PETUCTPUPYIOT TEMNMOBbLIE U3MEHEHUA ANA UX
NOCNeayloLLEN OLIEHKH.

B cB43u c TeM, 4TO Ha pesynbTrarbl ICK 3HaUMTENLHO BIUAET TEPMUYECKAA NMPEAbICTOPUA U CTPYKTYPa
obpasua, peKoOMeHAYETCA BbIMOMNHATL ABa HArpeBsa UNu oxnakaeHusd. epBbld HArpeB OTPaXXaeT COCTOAHUE
NOCTaBKW Mmartepuana, npu 3STomM HarpeB NPoOBOAAT A0 TEMNEPATYPbI NNABMNEHNA UMK TEMNEPATYPbI CTEKNOBA-
HUA, NPU KOTOPbLIX MaTtepuan AOCTUraeT paBHOBECHOINO TEPMUYECKOTO COCTOAHUA. BTOpOon Harpes NpoBOAAT
nocne oxnaxaeHua odopasua ¢ onpeaeneHHon CKOPOCTbIO, NPU 3TOM yAandeTca TepMUyeckas npeabiCTopus
Marepuana, YTo NO3BONAET cpaBHMBATb CBOUCTBA MaTepuana. [NNpomexxyTouyHoe oxnaxkgeHne gaet nHdopma-
LM O 3apoAblLeodpasoBaHuUKM U Kpuctannusaumm marepuana (CMm. npunoxxeHue k).

[1na peakUuMOHHOCNOCODHbLIX CUCTEM B 3aBUCUMOCTU OT CTENEHU OTBEPXKAEHNA NOocneayloLme HarpeB.bl
natoT MHdopmauunto 00 OTBEPXKAEHHOM UMMM YAaCTUYHO OTBEPXKOEHHOM MaTepuane.

9.4.2.3 BbIrpyska turnga ¢ oopasyom

[locne 3aBepLUEeHUa USMEPEHUN AOBOAAT TEMNEPATYPY AepXKaTend TUrnem 4o Ha4anbHOU U U3BMEKAIOT
N3 HEro TUrenb ¢ 00pasLIoM.

9.4.2.4 ObOpaboTKa pe3ynbLraToB

O0OpaboTKy pe3ynbTaTtoB UCMNbITAHUW NPOBOAAT B COOTBETCTBUU C MHCTPYKLMEN N3FOTOBUTENSA Npnbopa
C YY4ETOM NMONYYEHHbIX TENMOBbLIX 3P IPEKTOB.

9.4.3 N3oTepMUYECKUUN PEeXUM

9.4.3.1 ObOLWmMe NnonoxeHus

B 3aBMCMMOCTH OT TUMNa UCNornb3yemoro npudopa BO3MOXKHbI Ba BapMaHTa N30TEPMUYECKUX U3MEPEHNN —
C 3arpy3kon obpasua npu TemMnepartype okpy><aroLlen cpelibl Unu nNpu 4pyron yctaHoBNEHHOW TeEMNeparype.

9.4.3.2 3arpy3ka obpasua npu TeMneparype oKpyxaroLlen cpeqbl

9.4.3.2.1 3arpyska TUrneu
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YCTAHOBKY TUIMA C UCMbITYEMbIM 00pa3LIOM M STANOHHOIO TUIMMA B AepXaTernb TUMMen rnPoBOAAT NPU
TeMneparype okpy>katowen cpeibl nnu HesHavYuTernbHO bornee BbICOKOMN, HO HE bonee 50 °C, nocne 4yero Kak
MOXXHO ObICTpee A0BOAAT TemnepaTtypy npudbopa Ao 3a4aHHOM HAYanbHOW TEMMNEpPATYP.LI.

9.4.3.2.2 BbInonHeHne namepeHunm

[loaaepxuBaa 3agaHHyo TemMnepartypy, 3anucoiBatotr KpuByto AACK kak dpyHKUMIO BpeMeHUu. smepeHue
NPOAOIMKAIOT B 3TUX XKE YCINOBUAX B TEYEHUE HE MEHEE S5 MWH NOCHE TOro, Kak 3aBepLUUTCA 3HAOTEPMUYECKAA
NN 3K30TEPMUYECKAs peakumns (nepexon) n basoBast MMHNA AOCTUTHET YCTONYUBOIO COCTOAHUA. Perncrpupy-
10T AAaHHbIE O TEMMOBbLIX NOTOKAX AN nocneaytowen oopadoTku.

9.4.3.2.3 Bbirpyska turnga ¢ oopasyom

[locne 3aBepLueHUda U3MEPEHUN AOBOAAT TEMNEPATYPY AepXXaTend TUrnmen 40 Ha4anbHON U U3BNEKAIOT
N3 HEro TUrenb ¢ 00pasLIoM.

9.4.3.2.4 ObpaboTKa pe3ynbLraTon

O0OpaboTKy pe3ynbTaTtoB UCMbITAHUU NPOBOAAT B COOTBETCTBUMN C MHCTPYKLMEN U3TOTOBUTENSA Npnbopa
C Y4E€TOM MONYYEHHbLIX TENMOBbLIX PP EKTOB.

9.4.3.3 3arpyska ncnboiTyemMoro obopasua npu remneparype, oTnn4HOM OT TEMMEPATYPbl OKPYXKaloLLEN
cpeabl

9.4.3.3.1 lNMoagrotoBka npubopa

3apatoT HeoOxoAMMYIO TEMNEPATYPY USMEPEHUN N 0XXMAAIOT BbIXoA4a Npudopa Ha PEXXUM.

9.4.3.3.2 3arpy3ka ucnbityemoro oopasua n BbIMONHEHUE U3MEPEHUN

Turenb ¢ UCNbITYEMbIM 00pPA3LIOM U 3TANOHHbLIA TUTENb NOMELLAIOT B Aep>XXaTeNb TUINEN NPU yCTAHOB-
NEeHHOU TeMnepaTtype U cpasy e Ha4vuHawT 3anucb Kpueon ACK B 3aBUCUMMOCTU OT BPEMEHU. VIamepeHue
NPOAOIMKAIOT B 9TUX XKE YCNOBUAX B TEYEHUE HE MEHEE 5 MUH NOCHE TOro, Kak 3aBepLUNTCA 3HAOTEPMUYECKAA
UNn 3K3oTEpMUYECcKaa peakunsa (nepexon) n 6asoas NMHNUA AOCTUITHET YCTOMYNBOIO COCTOSAHUSA.

9.4.3.3. Bbirpy3ka turnga ¢ oopasLom

[locne 3aBepLueHNa USMEPEHUN TEMNEPATYPY AepXKaTend TUrnen 4oBOAAT 40 HA4YaNbHOW TEMNEPATYPLI
N N3BNEKAIOT U3 HETO TUrenb ¢ 00pasLIoM.

9.4.3.3.4 ObpaboTKa pe3ynbLTaTon

O0OpaboTKy pe3ynsrartoB UCMbITAHUWA NPOBOAAT B COOTBETCTBMU C MHCTPYKLIMEN N3rOTOBUTENA Npnbopa
C Y4ETOM MONYYEHHbIX TENMOBbLIX PP EKTOB.

9.5 lpoBepku nocrne OKOHYaHUA UCNbITAHUA

9.5.1 lNpoBepka noTepu Macchbl

[Tocne ucnblTaHUA TUTEnNb ¢ NCNbITYEMbIM 00pa3LIOM B3BELLUMBAIOT MOBTOPHO. YMEHbLUEHNE MACChl MOT-
10 co34aTb AOMONMHUTENbHbLIN TEMNNMOBOW 3PMEKT UM U3MEHUTL MNONOXeHne 0a30BON NMUHUK Npudopa.

9.5.2 OcmoTp 0oO6pa3LoB ANA UCNbITAHUA

Ecnu npeanonarator, YTO NPOU3OLLNO Kakoe-nnbo XMMnU4Yeckoe U3MeHeHne, TUrenb ¢ oopasLomM OT-
KPbIBaAlOT U BHUMATENBHO OcCMaTpuBaloT obpasel. [NoBpexXaeHHble TUMMU HE UCMONMb3YIOT ANA AanbHENLLUNX
N3MepPEHUN. NNOBTOPHO MCNONL30BAaTb TUIMU HE PEKOMEHAYETCA, 0AHAKO B UCKNIOYUTENBHbIX cCny4Yasax, Koraga
OblNI0 OAHO3HAYHO YCTAHOBIIEHO, YTO HMKAKOro B3aMMOAENCTBUSA MeXay odpa3uomM v TUTNEM HE MPOnN3o0-
LLINO, HAKAKOro OCTaro4yHOro 3arpA3HeHunsa nocne yganeHna oopasua He octanocb U TUrernb HE MOBPEXAEH,
OONYyCKaeTca UMcnonb3oBaTtb €ro noBTopHo. O NOBTOPHOM UCNONb3OBAHUU TUTNA CNEeayeT ykasatb B MPO-
TOKONE UCMbITAHUN.

9.5.3 lMNMpoBepka TUrnen n aepxarens TUINnen

Turenb gna odbpasuya ocmarpusBalroT, oTMe4yad, UMEETCA NU Kakoe-nndo U3MEHEHUE MNOJIOXKEHUA €ro
B Aepxkarene turneun, gedopmaumna unm nepenns obpasua vyepes kpan. Ecnn nobdboe n3 taknx MSMEHEHUN
NMPOU3OLLIO, U3MEPEHUE NOBTOPAIOT.

Ecnn gepxxatenb TUrNen 3arpsasHeH odbpasuom unu KOHAEHCATOM NeTy4vux NMPoAyKTOB, CreayeT O4u-
CTUTb €ro B COOTBETCTBUU C UHCTPYKUNAMN N3TOTOBUTENSA U MOBTOPHO OTKanmMbpoBaTh.

10 lpoTokon ncnbiTaHNA

B npoToKone ucnbiTaHMSA yKasblBaloT:

a) CCbINKY HA KOHKPEeMHbIU HOpMamueHbill OOKYMEHM Ha MemooO UcnbiMaHus;

b) nHdpopmauuto, HeoOXoAUMYLIO AN NONMHON UAEHTUPUKALIMN UCTIbITAHHOIO MaTepuana;

c) Tun ucnonb3oBaHHoro ACK npubopa (N0 TennoBOMy MOTOKY UMW C KOMMEHcauuen MOLLHOCTWN),
MoAenb npubopa nu OUPMy-U3roToBUTENA;
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d) TN 1 maTepuan Ucrnonb30BaHHbIX TUTMEW, NPU HEOOXOAUMOCTW, MACCYy KaXKaA0ro TUrns;

€) TWUN rasa anga npoayBKU, CTENEHb €ro O4YUCTKU U CKOPOCTb NPOAYBKM;

f) xapakTepucTuky ncnornb3oBaHHOW KannbpoBKK (00ObIMHAA UK pacLuMpeHHas) n nogpobHoe onucaHune
3TaANOHHbLIX MarepuarnoB, BKIOYasd NCTOYHUK, MACCy U APYrne CBOMCTBA, BAXKHbIE ANA KanndpOBKU;

g) nogpodbHoe onncaHne otbopa npodbl, NPUrOTOBNEHUA U KOHANLUMOHUPOBAHUA UCMNbITYEMOIO 0bpasLa,
ecnu Tpebyercy;

h) cpopmy 1 pasmep ncnbiTyemoro oopasua;

) Maccy UCnbITyemMoro oopasua;

]) TEPMUYECKYIO NPeabICTOPUIO Matepuana u ucnblTyemoro obpasua;

K) TemnepaTtypHbl€ napaMeTpbl NporpamMmbl, BKNOYaa BPEMA U TEMNEPATYPY U30TEPMUYECKUX CTaaUN
N CKOPOCTb HArpeBaHU4;

) "AMeHeHune Macchl UcnbiTyemoro obpasua (ecnu HabnoaaeTcs);

M) pes3ynbTaTtbl UCMbITAHUA, BKNOYaa nonyvyeHHble kpuBbie HCK;

n) NOdy AONOMHUTENbHYIO WHQOPMAaUUIO, BKNOYaAA AeTanu JmioObIX OTKMOHEHUW OT METOAUKU
HaACTOSALLEro craHaapra n nodbie He YCTAaHOBMNEHHbLIE COOMBEMCMaYIoUWLUM HOPMamUBHbIM OOKYMEHMOM Ha
KOHKPEeMHbIlU Memoo ucnbimaHusa AEUCTBUA, KOTOPbIE MOMMX NOBNUATL HA Pe3ynbTaThl;

0) AaTy NpoBeAEeHUSA UCMbITaHUA.
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[MTpunoxeHue A
(06A3aTenbHoOE)

PacwupeHHada BbICOKOTOYHAA KanuMopoBKa no temnepartype [2]

PacCLUMPEHHYIO KanubOpoBKY NO TemnepaTtype crneayer WUCnonb3oBaTb, ecnn Tpebyetca xoTd Obl OAHO U3
HUXXenepeYncreHHoro:

- TOMHOCTb Nydwle 4eM = 0,8 K B AnanasoHe temnepatyp 50 K;

- y4eT a(ppeKkTa CKOPOCTU HarpeBa Npu KanndpoBKe;

- YYeT BNUAHMA Macchl UCMBITYyeMOro obpasua npu KannbpoBKe.

MCNoNb3yT HE MEHee TPEX PasfiMYHbIX 3TaNOHHLIX MaTepuanos, NOKPbIBaAOLWMX TpebyeMbll AnanasoH TeMnepa-
Typ. B3aBelunBaroT B TUrNAX NO ABa obpasla Kaxaoro Mmatepuana. Macca m 3tanoHHbIX 0bpa3yoB — npuMepHo 3 1 10 Mmr.
PekoMmeHAYeTCA UCNONb30BaTh antoMUHUEBBLIE TUMMU C OKCUANUPOBAHHOU NOBEPXHOCTLIO.

OOpa3ubl HarpeBakT A0 NMNaBnNeHUa U oxna)garT A0 KpUcTannumaauuu, 3aTeM CHOBa HarpeBakT C TOW XKe CKO-
POCTLIO, MPU HarpeBe PErnCTPUPYIOT NUK NNaBfeHUa. 3Ty npoueaypy NOBTOPANT ANA BCEX B3BELUEHHLIX 0Opa3LOB MNpw
CKOPOCTAX Harpesa U oxnaxgeHuna () 1; 5; 10 n 20 K/MUH.

AnAa Kaxgoro nvka nnaeneHust onpeaensAoT 3KCTpanonupoBaHHyto TemnepaTypy Hadana nuka T = (PUCYHOK 2),
NPoOBOAA MHTEPNONUPOBAHHYIO YCITOBHYO 6a30BYH0 NMUHUIO MeXAY Ha4valomM U OKOHYaHUEM MUKa.

[na Ka)aoro starnoHHOro mMartepuana u kaxaoro obpasua (3 n 10 Mr) HaHOCAT Ha rpauUK aKCTpPanoMMpPOBaHHYHO
TeMnepaTypy Hadana nuka nnaBneHUs B 3aBUCUMOCTU OT CKOPOCTU HarpeBaHWA U 3KCTPanonupytoT NONYYEHHYIO NPAMYHO
NMUHUIO K CKOPOCTU HarpeBaHua f = 0 K/MUH (pUCYHOK A.1).

BblMWTass akCTpanonupoBaHHyo TeMnepaTtypy Hadana nuka 7
(PUCYHOK A.1), onpeAensatoT TeMmnepaTypHyto nonpasky AT__ (T ., m)

corr

(B = 0) n3 nctnHHom Temnepartypbl nepexona I_,

Ach:nrr(Tcal’ m) Tcal _ Tnai,m(B = 0) (A 1)
CTPOAT rpapuk 3aBUCUMOCTU MOSNYUEHHbLIX TeMnepaTypHbIX MONPaBOK OT 3KCTpanonMpoBaHHbIX TeMNepaTyp Ha-
Yyana nuka nnasneHuna 7 (B = 0). Nony4yakoT 3aBUCUMOCTb TEMNEPaTyYpPHON NONpaBKKU OT TeMnepaTypbl (PUCYHOK A.2)

ei,m

AT ATm) =17, — T,.(T.,m B=0)] (A.2)

corr

[MTpumedvyaHune — B HekoTopbix Mmoaensax npubopoB [JCK npegycMoTpeHa aBToMartn4eckas KoppekLUnsa Temne-
paTypbl B 3aBUCMMOCTU OT CKOPOCTWU Harpesa WU/unu Temneparyphbl.

= Ccnun TpebyeTcsa Hornee LUMPOKNIA TeMNepPaTypPHbIA MHTEpPBar, PEKOMEHAYETCS WUCMonb3oBaTh Oonee Tpex 3TanoH-
HbIX MaTepunanos.

OXngaemaa TOMHOCTb AaHHOW KannbpoBKKM No TeMmnepartype nydiwe Yyem + 0,3 K B UHTepBane TemMnepartyp oT 25 °C

0o 330 °C no [3].

=
b .
<] <]

20 B, K-MuH"|

T, °C
235

234

TZim(B = 0)

T‘(Iei,m(B = 0)

I — TeMnepaTypa; [ — CKOpoCTb Harpesa; | _ — WCTUHHaA TeMnepaTypa nepexoga 3ranoHHOro Matepuana (ornoBa);
(B=0)>T2, (B =0)—TeMnepartypa Ha4yana nuka nnasBneHns, 3KCTpanonuMpoBaHHas K HyreBoW CKOPOCTU Harpesa Ana oOpasLoB

mMaccon 3 1 10 Mr cooTBeTCTBEHHO, AT'  AT? — TeMnepaTypHaq nonpaska ang obpasuos mMaccon 3 n 10 Mr CooTBETCTBEHHO

o ? COrT

&l

PUCYHOK A.1 — OnpeaeneHne TeMnepaTtypHOW nonpaBKyu U3 rpaduka 3aBUCUMOCTU IKCTpanonnpoBaHHOW TeMnepaTypbl
Havalla N1Ka nnaBneHna OT CKOPOCTU HarpeBa MpU UCMONbL30BaHWK ANA KannbpoBKN ONoBa
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AT,

com

K
1,5

I N A A

0 N I

0 50 100 150 200 250 T (B=0),°C

-1,5

AT __— TeMmnepatypHad nonpaska; 7 (5 = 0) — TemnepaTypa Havyana nuka nnaeneHnsa sTanoHHoro matepunana,
SKCTpanonMpoBaHHaa K HyJIeBOW CKOPOCTU Harpesa

:'VlcyHOI{ AZ— KEHMGDOBO‘-{HBH KpnBaAd Nno reMneparype, noJiyveHHad ¢ UCrnojibaoBaHUeM raJyiyind, UHanA 1 orioBa
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[lpunoxeHue B
(obsizaTenbHoOe)

PaclwupeHHass BbICOKOTOYHAA KanMbpoBKa No Tensiore

PaclLUMPEHHYI0O BBLICOKOTOYHYKD KanmMbOpPOBKY MO Tennote npoBOAAT, ecnu Tpebyetca xotda Obl O0gHO U3

HMXXenepeyuncrneHHoro:
- TOYHOCTb Nny4lle Yem + 2 %;
- y4yeT adpdeKkTa CKOPOCTU Harpesa npn KanunbpoBke;
- YYET BNMUAHUSA MacCbl UCMbITyeMoro obpasua npu kanmdposke.
[1na Kaxaoro nmka nnaerneHnsd, NoY4EeHHOro, Kak ykasaHo B NPUnoXeHum A, 4epTaT NMMHENHYIO YCNOBHYIO 0a30ByIO

NIMHUIO (PUCYHOK 1 HacTodALlero craHgapra) U onpeaenalrT YAENbHYIO TENNOTY NiaBneHnUa no nnowaan Mexay KpuBow
[NCK n ycnoBHou 6asoBoun nuHmnen, ncnonb3dya dopmyny (8) (8.4.2 HacTodwero ctaHaapra). Ha pucyHke B.1 nokasaHbl
KannbpoBKKU Mo TennoTe, Nofny4vYeHHbIe C NCNOMb30BaHUEM rannus, NHAMAa 1 onoea.

Kq
1.02
1.01

1,00

0,99

0 50 100 150 200

A —3mr/1 KimuH;, © —3 Mr/5 KimuH; o0 — 3 Mmr/10 K/MuH;, x — 3 mr/20 K/MuH;
A —10 mr/1 K/MuH: 0 — 10 mr/5 K/muH; 8 — 10 mr/10 K/MuH; + — 10 mr/20 K/MuH

KQ — KannbpoBOYHbIN KOIMDMDULUNEHT ANS TENMOTHLI, 3aBUCALLUMN OT 3TATIOHHOrO MmaTtepunana, maccbl obpasua
N CKOPOCTU HarpeBa, I — Temnepartypa; 7 — KkannbpoBoYvHasa Kpusas Ana obpasua maccon 3 Mr npu ckopoctn Harpesa 1 K/MuH;
2 — KannbpoBovHasa kpusasa ana obpasua maccon 10 mr npu ckopoctn HarpeBa 1 K/MuH

PucyHok B.1 — KannbpoBo4Hbie KpUBbIE MO TEMMNOTE, NOSTIyYEHHbIE C UCMOSb30BaHNEM rannusa, UHAUS U onosa

KannbpoBoYHble KO3AMPULIMEHTD KQ,EI,J'IFI Ka)Xgoro 3TanoHHOro martepwuana nonydarT geneHnem UCTUHHOW yaernb-
HOM TENNOTbI Nepexoda Aq_ Ha U3MEepPEHHOe 3Ha4YeHne yaenbHoU TeENNOTbl Nepexoaa Aq  COOTBETCTBYHLLEroO MaTepuana

KolT.oM.B) = Aq_/Aq (T .M, B), (B.1)

rae I — WCTMHHaAa Temnepatypa nepexoga 3TanoHHOro marepuana.

[1na nony4yeHnsa KanndbpoBOYHOU PYHKLIMN CTPOAT 3aBUCUMOCTb KannbpoBOYHbIX KOIMMPULIMEHTOB OT TeMnepaTypbl
(PUCYHOK B.1):

Kol m,B) =1flAq, /Aq, (T ,.m, B)] (B. 2)

Ecnn BNnnsHne cKOpoCTU Harpesa U Maccbhl obpasua 4oCTaTOYMHO BENUKO, 3TN 3aBUCUMOCTW ONpeaensatoT A0NOSHN-
TenbHO. OXuaaeTcs, YTO TOYHOCTb AaHHON MeToAuKK OyaeT nydiwe Yem £ 0,5 % no [4].
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Pekome HOYEeMbIE€ 3TAJIOHHbI€ MaTepuUudibl

abnnya C.1 — Temnepartypa, Tennota U TN nepexoga pasfnyHbIX MaTepnanoB, peKoMeHaAYyeMbIX ANA KannopoBKN
no [4], [9]
Tennota
TemMnepaTypa Tun
MaTepunan o~ | MEPEexoaa, [TpnmevaHme
nepexoaa,’C I -1 nepexoja
LInknoneHTaH — 155,77 69,60 | TBepgpoe — MamMepeHna NpoBOAAT TONMBKO B FrepMETUYHO 3aKpbIThIX
TBepaoe TUrmax. BeoaAaT B BUAE XUAKOCTU U NMOBTOPHO B3BELUWBAKOT
LInknoneHTaH — 135,09 4 91 TBepaoe — AllA ONPEACNERNA MacCh
TBEephoe
LInknoneHTaH — 93 43 8,063 IBepaoe —
Xupgkoe
Bona 0,00 — TBepaoe — He npurogHa gna kanndpoBOK No TeNNOTE
Xugkoe
[annun 29,76 79,88 | TBeppoe — PacnnaB pearnpyet ¢ antoMuHueM. Cneayer yduThbl-
Xugrkoe BaTb CUNbLHOE nepeoxnaxgeHue
NHAWUN 156,60 28,62 TBepaoe — —
Xupgkoe
Onoso 231,93 60,40 | TBeppoe — PacnnaB pearnpyet ¢ arlloMUMHUEM
Xugkoe
BucmyT (271,40) 53,84 | TBeppoe — PacnnaB pearnpyet ¢ antoMUHUEM. He nogxoauTt And
Xugkoe KanubpoBKKU NO TeMneparType
CBuWHelU 327,46 — TBepaoe — He noaxoauT Ana kanubpoBKK NO TENNOTE
Xugrkoe
LIMHK 419,53 — IBepaoe — He noaxoauT ana kanubpoBKK NO TENNOTE
Xupgkoe
Cynbgar 578,28 228, TBepaoe — BesBogHaa conb rUrpockonuyHa: ©OepyT HaBecKy
NUTUSA TBEpPLOE LI,SO, - H,O. dernagparaumsa Ha4ymHaeTca npu 110 °C ¢ oxumB-
NEeHHLIM ABWMXEHUEM YacTuu B Turne. Bbicokaa ynpyrocTb
napoB BoAbl (HE UCMONB3OBaTh B repMETUYHO 3aKPbIThIX TU-
max). [NoBTOpHO B3BeLLMBAKOT NOCNe U3MePEHUA Ana onpe-
JeneHna Macchl
ANOMUHUN 660,32 398, 1 IBepaoe — PacnnaB pearnpyeT ¢ nnaTuHOW
Xugkoe

O Apyrux atanoHHelX MaTtepunanax cMmotpute B pekoMeHgaunax ICTACY, GEFTA? n NIST?.

CepTudnumpoBaHHbIe 3TalIOHHBIE MaTepuansl MOXHO NPUOOPECTU B HAaLUMOHANbHLIX UHCTUTYTaxX METPONOrNn (Ha-
npumep, LGC, PTB, NIST, LNE, NMIJ), y nponssogutenein obopyaoBaHus, a Takxke y HaaeXXHbIX MOCTaBLUMKOB.

STanoOHHbIE MaTepuanbl, KOToOpble B3auMOL4EUCTBYOT UMW MOMyT B3aUMOAENCTBOBATL C MaTepuanomM TUMMSA, No-
BTOPHO HE UCMOMb3YHOT.

D MexayHapogHaa KoHdegepaunsa no TepMmuyeckomy aHanuay n kanopumetpun (ICTAC) hitp:/imvww.ictac.org.
2 Accoumnaumna TepMmudeckoro aHanunsa (GEFTA) http://iwww.gefta.org.
> HaunoHanbHbIA MHCTUTYT cTaHaapToB KU TexHonorun (NIST) http://mwww.nist.gov.
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Tabnunua C.2 — MaTepunansl, pekoMeHAYEMbIE ANA KannOpoBKK MO TENNOBOMY NOTOKY no [4], [6]

MaTepnarn TeMmnepaTypHbln | TennoeMKocTb OTHOCUTenbHagqa TonMeYaHe
P AnanasoH, K c,(T), Ax - r=-K™ | norpeluHocTb no [6], % P
KopyHa (a - Al O) 70 — 300 ! Ti 0,4-0,1 HeT orpaHu4eHuMn no
2 3 z % MaTepuanam TUrna Ans Tem-
(CUHTETUYECKUKN candup) :=70 nepaTyp HUKE TeMnepaTyphb
290 — 2250 z bT’ 0,1-0,2 NnaBneHns
i=0
6
200-97.5 z o T! 0,1 He cogepXuT kucnopoa,
oo ’ BbICOKaA MpoBOAWUMOCTb. HeT
Meab (Cu) 4 orpaHuUYeHUn no marepuanam
97,0 = 320,0 Zdj,T‘F 0,1 TUMMA ANa TeMnepaTtyp Huxe
i=0 TeMnepaTypbl NNaBeHNs
[TpumevyaHne — [ — Temnepartypa, K; a, b, ¢, d — KoapPpununeHTbl NOIMHOMUANBHOU annpoKcuMaunn
(cM. Tabnuuy C.3).

Tabnuua C.3 —

J10B, NCNOJTB3YEMbBIX AT

o3P PUUNEHTEI NONUHOMUANBHOW annpokcumaunn B Tabnuue C.2 AnNa TENNOEMKOCTU MaTepua-
A KanndpoBKKW NO TENNOBOMY MOTOKY Mo [4], [6]

/ a b C d
0 3,63245 - 10 —5,81126-101 1,43745-10 —1,63570-10"
1 —1,11472-10-3 8,25981 -10-° —1,21086-10-3 7,07745-10->
2 — 5,36683-107° —1,76767-107 —1,23305-10 —-3,78932-10
3 5,96137-10~ 2,17663-10° 4 20514 -10° 0,60753-107°
4 — 4,92923-107° —1,60541-10-" — 8,49738-10-° —9,36151 - 10-™
5 1,83001-10-" 7,01732-10°1> 6,71459-10-1°
6 — 3,36754-107"1 - 1,67621-10718 -1,94071 - 1071°
/ 2,50251 - 10V 1,68486-1042
Tadbnunua C.4 — YpenbHaa TeNNOEMKOCTb KOpyHAa npu Temnepartypax 290 K— 550 K (paccyntaHa ¢ MCnonb3oBa-

HUeM AaHHbIX Tabnuy C.2 n C.3)

TemnepaTtypa, K

TennoemMkocTb ¢ (7),0x -1 - K~

290 0,7583
300 0,7794
310 0,7995
320 0,8186
330 0,8368
340 0,8541
350 0,8706
360 0,8863
370 0,9012
380 0,9154
390 0,9290
400 0,9419
410 0,9541
420 0,9658
430 0,9769
440 0,9875
450 0,9976
460 1,0072
470 1,0164
480 1,0251
490 1,0335
500 1,0414
510 1,0490
520 1,0563
530 1,0632
540 1,0699
550 1,0762
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B3aMMO,EI,eﬁCTBMe JTAJIOHHbLIX MaTepuanoB C MaTepuarsiaMm TUITIA

JTanoHHble MaTtepuanbl, ykasaHHble B Tabnunue C.1 (npunoxeHune C), MoryT oOpa3oBbiBaTb CMelLUaHHble dhasbl
C HEKOTOPLIMK U3 MaTepuanoB Turnen, npumMmerHaemelx B ACK. B Takux cnydasx pacnnabBfeHHblA 3TanoHHbIA 00pasel
MOXET PaCTBOPATL HEKOTOPLIE U3 MaTepuarnoB TUMA, YTO MOXET NPUBECTU K HenpeackazyeMoMy U3MEHEHMUIO TOYKN NIaB-
neHna n/unu paspywenuto Turng. B tabnunue D.1 npegctaBneHbl COMETAaHUA, AN1A KOTOPLIX MOXET HabngaTeCa B3aUMo-
LEUCTBUE, UTO CrNeayeT W3 COOTBETCTBYHOLLUX pa3oBbIX guarpamm.

Tabnunua D.1 — BsanmogeWUcTBUE 3TANOHHLIX MaTepuanoB ¢ MaTepuanamn TUrng
STanoHHbLIN MaTepuarn
MaTepuan
NKJ10- “ " "
THHA I'LIlEHTaH Boaa [annuin NHANW OnoBo CBuHeU lMHK | CynbdaTt nutrua |ANOMUHUK
KopyHA, Al203 o 0 + + + + + + +
Hutpug Sopa, BN 0 0 + + + + + + +
[pacouT, C o 0 + + + + + + +
CUNUKaTHLINA + + + + + + ? + —
KBapu, Si(j)2 + + + + + + + + —
ANFOMUHUI, Al + . — + — + — + X
ANMIOMUHUIA OKUCTNEHHBLINA + + + + + + + + X
Cepebpo, Ag + + — — — — — ? —
3onoT1o, Au + + . . — — — + —
Hukenb, Ni + + . . . . . ? —
Kene3so, Fe + . . + . + — ? —
HepiaBeroLlaa ctanb + + . + . + — ? —
[1lnaTuHa, Pt + + . . — — — + —
MonndaeH, Mo + + . ? . ? . ? ?
TaHTan, Ta + + ? + ? ? ? + —
Bonedppam, W 0 0 . ? ? . + ? .
[TpumMeuyaHne — B HacToAWeN Tadbnuue NPpUHATLI creayrowne cokpalleHus:
+ — pacTBOPUMOCTU U BNMUAHUA Ha TeMNepaTypy NNaBneHUa He OXUaaeTcs;
— — pacnnae pacTBOpPAET MaTepuan TUrM4A, YTo NPUBOAUT K 3HAa4YUTENBHOMY M3AMEHEHUIO TeMNepaTyphbl NNaBneHnaA,;
* — BO3MOXHO YacTUYHOE pacTBOPEHUE U HE3HAYNTENBHOE BIUAHUE Ha TeMnepaTypy nnaBleHns;
X — TUrenb NNaBUTCA,;
? — 0 B3aUMOAENCTBUN HEU3BECTHO;
o — FepMeTU3aLna TUMA MOXET Bbi3BaTh 3aTPyAHEHUA.

He cnegyer ucnonb3oBaTb COMETaHUA, 0003HaYeHHble B Tabnuue D.1 Kak «—», NOCKOMNbKY pacTBOPEHUE TUMMA MO-
XXET NPUBECTU HE TONMBbKO K OLLMOOYHOW KannbpoBKe, HO U NOBPeAnUTb gepxatenb TUrna. CodeTaHne «+» NpeanouTUTENb-
HO. OD03Ha4YeHNE «-» YKa3blBaeT Ha COMETAHUA, ANA KOTOPLIX HE OXWAAETCH 3HAYUTENBHOIMO UCKaXeHUa TeMnepaTypsl,
OAHaKo crnefyet obpaTtuTb BHUMaHUE Ha NocneacTBMA YaCcTUYHOINO pacTBOPEHUA MaTtepuana TUrna.

Kak BWAHO 13 Tabnuubl D.1, cylecTByeT MUHUMYM OAUH MaTepuan TUrng, COBMECTUMbIA CO BCEMW PEKOMEH[OBaH-
HBIMWU STaNOHHBIMW MaTepuanamn. [Npn HeodBXo4MMOCTU UCNONL3YEMbBIN ANA KanNMOPOBOK TUrenb MOXET OblTb NOKPLIT 3a-
LLUIWTHBIM crnoeM. Ona aTon uenu naeanbHO NOAXOAUT OKCUA antoMUHUA. Ha oObIMHO ucnonb3yemMble antoMUHNEBLIE TUMMN
3TOT 3aLUUTHBIN OKCUAHBLIW CITON JOCTAaTOMHOMU TONLWMHBEI MOXHO HAHECTU, HarpeBasa TUIMMM Ha BO34yXe Npu TeMnepartype
npumepHo 570 °C.
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Obuwune pekomeHgaumm

MeToa HacTosALWero ctaHgapTa MOXET ObITb MPUMEHEH ANA CpaBHUTENBHBLIX UCMNBITAHWUA MONMTUMEPHBLIX MaTepnanos.
OAHaKO Ha nofiydeHHble pesynbrathl YacTo BIUMAKT CUCTEMATUYECKNE OWNOKKW, TakMe Kak HenpaBubHas KanndpoBka,
HenpaBuUIbHaA KoppeKkuna 6a3oBon NMUHUKM UMW NOATOTOBKa U KOHAWLMOHWpOBaHWe obpasua. [1pun aHannie nonnMepoB
PEKOMEHAYETCA ANA CpaBHEHUA aHaNMM3NPOBATL TakKXKe 3TaroOHHbIE NONMMMEpPHbIE MaTepuansl (No400HbIE OOLIYHO aHaNu-
3MpyeMbiM). OTO NMO3BOMAET CpaBHUBATL AaHHbIe, NONyYeHHbIE B pa3HbIX NadbopaTopuax, Ha pasHblX Npudopax, B pasHoe
BpEMS UCMbITAHUIW, C pa3HbIMU cnocobamMu NoAgroTOBKM, KOHAULUMOHUPOBAHUSA 0bpasLoB U T. 4.

KpomMe Tex crnydaeB, Korga UCCrneayroT pasnoXeHue NonnuMepoB, He PeKOMEeHAYETCA NpoaornKaTe U3MEPEHUsa Npu
TeMnepaTypax Bbille TeMnepaTypbl pasnoXeHUAa normMmepa. J9TO pasfoXeHUe MOXET Bbi3BaThk 3arpsA3HeHue y3na gep-
Xatenen obpasua npu OTKPbITLIX UKW BEHTUNUPYEMBIX TUINAX UMW MPUBECTU K B3PLIBY MPU UCMONb3OBAaHUU FEPMETUYHO
YMNOTHEHHBLIX KpbILLEK TUrNen.

B Xyalwem cnydae y3en gep)atenen MOXeT OblTb pa3pyLlleH. KpoMe TOro, oMeHb BbICOKME TeMMepaTypbl UMK NPO-
TAXXEHHbIE MHTEpPBarbl CKAHUPOBAHUA MOIYT Bbl3BaTb U3MEHEHUE NTMHENHOCTU KannbpoBOK, YTO NMPUBEAET K OLUNOOYHLIM
pe3yrnkraTam.

MHTepnpeTauua kpuson [JCK ¢ HECKONBKMMU MUKaMW HE BbI3bIBAET 3aTPyAHEHUW, €CITU 3TU MUK HEe NepeKpbiBatoT-
ca. [opasgo Jvalle kpueble CK MMeROT nepeKkpbiBaOWNecAa CTyneHW W/unnu nukn. KpuBble Takoro TMna ABNAKTCA Crel-
CTBUEM HECKONbKUX peakuun u/mnum nepexogoB, NPOUCXoaALLUX O4HOBPEMEHHO. B Takux cny4vaax eAUHCTBEHHLIM Tep-
MUYECKUM CBOUCTBOM, KOTOPOE MOXET ObITh onpeaeneHo 6e3 Ucnonb3oBaHWA CNOXHbLIX Npoueayp pasgeneHua KpUBOW,
ABTAETCA CyMMapHas TennoTa peakuuu W/unu nepexoga, TeMneparypa Hadana U aKcTpanonupoBaHHaa TemMnepatypa
Ha4ana nepBoW peakunn U/Mnun nepexoga (XoTd B crnyyae NoNMMEpPOB C LUMPOKUM TeMnepaTypHbIM MHTepBaoM nnaBne-
HUA, gocTurarownm 150 K aTM HadanbHble TeMNepaTypbl YacTo NS10X0 ONPefenarTcsa), aKCTpanonnpoBaHHaa KOHeYHas
TeMnepaTtypa U TeMmneparypa OKOHYaHUA nocnegHen peakumm UnNn nepexoga, a Takke TemnepaTypa HECKONbKUX MUKOB.
MoeHTUPUUNPOBaTL KaXAyo OTAENbHYIO peakuuto W/nnu nepexoq toneko metogom LACK yaaeTca He Bcerga. B HEKOTO-
PbIX cnydvaax Anga nydlero pasgeneHna sTux npespalleHUn pekoMeH4YETCA U3MEHUTh CKOPOCTb HarpeBa WU/Mnun oxna-
neHna. OaHako genaTtb 9TO Ha40 C OCTOPOXHOCTLHID, T. K. CKOPOCTU Harpeea U oxna)XgeHUs MOryT CyLLeCTBEHHO NOBMUATL
Ha XapaKkTepUCTUYECKYIo(Me) TeMnepaTypy(bl) NpU NOCNeayroLWeM LWare HarpeBa Unn oxna)geHus.

[1nAa HEKOTOPLIX NONTMMEPOB XapaKTepHO Hann4me HeckonbKnx nukoB Ha Kpuson LACK npu nepBOM HarpeBe, a npu

BTOPOM HarpeBe — TONMbKO ogHOoro. OObLIYHO BTOPOMY HarpeBy NMpeAllecTBYET oxNna)XaeHne, BeINOMHEHHOE C TOW Xe CKO-
POCTBI), YTO U NepBbIN Harpes (Hanpumep, 10 K/muH unu 20 K/MuH). MHgpopmauna, nonydyeHHas npu NepBOM Harpese,
MOXET yKasblBaTb Ha TEPMUYECKYIO NPeabICTOPUID nonumepa (nepepadboTKy, KOHAULIMOHUPOBAHMUE N MPUroTOBMNEHUE 0D-
pa3ua ana ucneltaHua). ['osToMy Npu aHanMae NONUMEPOB XenaTtenbHo npoBoanTe TpU namepeHna [NCK: nepBbIN Ha-
rpeB, 3aTteM oxrna)geHue WU OKOHYaTeNnbHbIM BTOPOW Harpes, XenaTenbHO ¢ OAHOW N TOW e CKOPOCTbHo. [IpuMeHeHne
TakoW METOAMKN B COMETAHUN C perncTpaumen UCXoQHON Maccel obpasua n Maccel obpasla A0 W Nocrne BTOPOro Harpeea
MOXET MOMOYb B UHTEpNpeTaUuMn HabntogaemMblx NMKOB. Ana nony4veHns Hpopmaunumnm o TeEpMUYECKUX CBOUCTBAX Marte-
pnana 6e3 BNUAHUA TepMUYECKOW NpeabiCTOPUN MaTepuana cneayeTt cnonb3oBaTh pesynsraTtel BTOPOro Harpesa. [ns
nepexofa TBepAana dpasa — XMAKOCTb 3TO O3HAYaET, UTO Ha CTagun oxNaXXaAeHNa MOXHO HabngaTe nNpouecc KpucTtar-
nM3auun, a Npu BTOPOM HarpeBe — XapaKTepHoe ANndA 3Toro nonuMmepa nnasneHue. [lapaMeTpbl CTEKNOBaAHUA MOXHO
OLEHWUTb, TakKe UCKIYMB TEPMUYECKYIO NPeAbICTOPUID MaTepuana.
B cryvae BblAENeHNs neTydmx nNpoaAyKToB B Npouecce HarpeBa MWCNbLITYeMOro obpasua (pasnoxeHue, UcnapeHue
pacTBOPUTENA U T. 4.) AaBNEeHNe BHYTPU repMETUYHO 3aKpbITOr0 TUIMMA MOXET Bbl3BaTb €ro gedpopMaLuunto, YTo NpuBeaeT
K HapyLUeHWo TenioobMeHa mexay oopasuomMm U NSMepUTeNnbHON cucTeMon. Bo nsbexxaHne nogoOHbIX ABNeHUN crnegyer
MCNONb30BaTh NepdopuUpoBaHHbIE KPbILLKWU UMK crieunanbHble repMeTUYHbIE TUMMN.

[na ncecnegoBaHna XMMUYECKUX MpeBpalleHnin, Nponcxoqallnx npu obnyyeHun BMagNMbIM UNKU ynsTpadononeTo-
BbIM CBETOM, NCNONBL3YIOT cneunansHble dooTo-ACK npnbdophil.
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