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NpegucnoBsue

1 PASPABOTAH ®depepanbHbiM rocygapCTBeHHbIM YHUTapHbIM npeanpuatuem «Bcepoccuitcknii Ha-
YUYHO-UccnefoBaTeNbCKUA UHCTUTYT mMeTposnorum um. .M. MeHgeneesa» (®ryrn «BHUUM wm. O.UN. MeHpge-
neeBa»)

2 BHECEH TexHu4yeckum KomuteTtomMm no ctangaptusaumm TK 180 «CTaHgapTHble cnpaBOYHble faHHble
0 (hU3NYEeCKMX KOHCTaHTax u cBolicTBax BelwecTB U maTepnanos»

3 YTBEPXAEH VW BBEAEH B ﬂ,EI7ICTBI/IE Mprukasom depnepasbHOro areHTCcTBa MO TEXHUYECKOMY pe-
rynupoBaHunto n metponorum ot 14 gpespana 2024 r. Ne 212-cT

4 BBEAEH BIEPBbIE

MpaBuna NPUMEHEHUs HaCTOoALWero cTaHjapTa yCTaHOB/MEHbl B cTaTbe 26 ®eaepanbHOro 3akoHa
OoT 29 moHA 2015 r. Ne 162-®3 «O cTaHpapTusauum B Pocculickon depepauumn». MHdpopmaumsa o6 us-
MEHEHUAX K HacTosAWEMY cTaHA4apTy Ny6/AMKYeTCs B €XeroAgHom (Mo COCTOSAHUIO Ha 1siHBaps TeKyl ero
roga) MHOpPMaLMOHHOM yKkasaTene «HauuoHanbHble CTaHAapTbl», a ouuMabHbii TEKCT W3MEHEeHUi
MW NONPaBOK — B €XeMeCAYHOM WH(OpPMaLMOHHOM yka3zaTene «HauuoHanbHble cTaHAapTbi». B cnyvae
nepecmoTpa (3aMeHbl) UM OTMEHbI HACTOSALWEro cTaHjapTa COOTBETCTBYyl UL ee yBegomaeHne 6yaeT
ony6/MKOBaHO B 6GmkailleM BbiNMyCKe €XeMeCcsAYHOro MH(OPMaLMOHHOro ykasaTensi «HaumoHanbHble
cTaHgapTbi». CooTBeTCcTBYlOUW asa uHcopmayus, yseaoM/eHMe U TEKCThbl pa3MelalnTca TakXe B UH-
chopmaLMoHHOl cucTeme 06LWero NoNbL30BaHNA — Ha ohuumanbHOM caliTte defepanbHOro areHTCcTBa No
TEXHUYECKOMY PEry/IMpoBaHuIi0 U METPONOTUU B ceTU MHTEepPHET (Www.rst.gov.ru)

© Odopmnenne. ®rey «MHCcTUTYT cTaHgapTusaummn», 2024

HacTosiwuii ctaHgapT He MOXeT GbiTb MNOMIHOCTHLIO MM YAacCTUUYHO BOCMPOM3BEEH, TUPAXUPOBAaH M pac-
NpocTpaHeH B KayecTBe opuumanbHOro u3gaHus 6es3 paspelweHua degepanbHOro areHTCTBa No TEXHUYECKO-
My perysimpoBaHuio 1 MeTPosioruu
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HAUMWOHA/NBbHBLIN CTAHAOAPT POCCUMNCKOW SEALEPALUWN

BEPUNNNIA

TemnepaTypHblii KO3 PULMEHT MMHENRHOTO pacluMperHns 1 yaenbHas TeN0eMKOCTb
B guana3oHe Temnepatyp oT 260 Kgo 870 K

Beryllium. Temperature coefficient of linear expansion and specific heat in the temperature range from 260 K to 870 K

Jata BBegeHna — 2024—12—01

1 O6nacTtb NpUMeHeHusA

HacToAawuii cTaHgapT pacnpocTpaHAeTCcs Ha cTaHgapTHble cnpaBoyHbie AaHHble (CCL) o Temnepatyp-
HOM KOoappuumeHTe nNuHenHoro pacwupeHus (TKAP) n yaenbHoli TennoeMKocTu 6epunnmsa B guanasoHe
Temnepatypbl oT 260 K go 870 K. XapakTepuctnku uccrnefyemMoro marepuana npuseneHbl B NpuUioXxeHun A.
OnucaHne obopynoBaHuAa npeacTaBfeHo B npunoxexHun b.

2 HopmaTuBHbLIE CCbI/IKK

B HacToswem cTaHAapTe MCMONb30BaHa HOPMAaTMBHAS CCbl/ika Ha cneAylwWwuii ctaHfapT:
FOCT 34100.3 HeonpegeneHHocTb naMmepeHuin. Yactb 3. PyKOBOACTBO MO BbipaXeHW0 Heonpepenex-
HOCTM M3MepeHus

MpumeuyaHune — Mpy NOMNb30BAHUN HACTOALWMM CTaHAAPTOM LieNecoo6pasHo NpoBEpUTL AelCTBUE CCbINOY-
HbIX CTAHAAPTOB B MH(POPMALMOHHOW CMCTEME OOLLEro Nosib30BaHWs — Ha ohuuMasbHOM caiite ®efepasibHOrO areHT-
CTBa MO TEXHUYECKOMY PETY/IMPOBAHMI0 U METPOIOTN B CETU VIHTEPHET WU NO eXerogHoOMY UH(OPMaLMOHHOMY yKa3a-
Teno «HaunoHanbHble CTaHAAPTLI», KOTOPbIA ONy6/MKOBaH MO COCTOSIHWIO Ha 1 AHBaps TEKyLIero roga, v no Bbinyckam
€XEeMeCsAUYHOro UHPOPMAaLMOHHOTO yKazaTens «HaunoHanbHble CTaHAApPTLI» 3a TeKyluii rog. Ecnv 3aMeHeH CCblNIoYHbIi
CTaHJapT, Ha KOTOpbIi AaHa HeAaTMPOBaHHAsA CCblfKa, TO PEKOMEHAYETCS UCMONb30BaTh AENCTBYIOLLYI0 BEPCUIO 3TOMO
cTaHAapTa C YY4eTOM BCEX BHECEHHbIX B AaHHYH BEPCUI0 U3MEHeHW. EC/IM 3aMeHeH CCbINOYHbI CTaHaapT, Ha KOTOpbIii
[laHa AaTMpoBaHHas ccblika, TO PEKOMEHAYeTCS UCMo/b30BaTh BEPCUIO 3TOTO CTaHgapTa C yKa3aHHbIM Bbille rogom yT-
BEPXAEHUA (MPUHATUSA). ECnn nocne yTBEpXAEHWA HACTOSLLEro cTaHAapTa B CCbIIOYHbIA CTaHAApT, Ha KOTOpbIA AaHa
[aTupoBaHHas CCbl/ika, BHECEHO U3MEHeHMe, 3aTparnBarLlee NosoXeHne, Ha KOTOpoe AaHa CCblfika, TO 3TO MOJIOXEHME
pekoMeHayeTcs NPUMEHNTb 6e3 yueTa AaHHOro W3MEHEHWS.

3 O6ume nonoxeHus

3.1 OcHoBol gna coctaBneHus Ta6nuy CC/L aBUAUCH 3KCMEPUMEHTasIbHble AaHHble, NPpUBEAEHHbIE B
Tabnuuyax B.1—B.8. Mopagok o6paboTkn pe3ynbTaTtoB U3MeEpPEHUn NpueBegeH B npuaoxeHun I.

3.1.1 Tennosoe (NnHeiiHOe) pacwupeHne — 3To gedopmaunsa, Bbi3BaHHAA W3MEHEHMEM TemnepaTy-
pbl. TennoBoe pacwnpeHnsa xapakTepusyetca OTHOCUTE/IbHbIM yannHeHuem n TKJIP.

3.1.2 OTHOCuUTeNnbHOe yanuHeHue (gedopmayunio) AL BbelyncnsaoT no dopmyne

AL(Ti-TO),LTO = (LTj~ 1tq)il t0’ ()
rape Tj — KoHeuyHasi TemnepaTtypa WHTepBana,
70 — HekoTopas (pukcmpoBaHHaa Temnepartypa, paBHas 293,15 K gnsa paccmatpuBaeMblX faHHbIX;

N3paHne ouunanbHoe
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AL"j _ T M — yanuHeHue B nHTepBasne temnepartypsl T,- [0;
LT — pnvnHa o6pasya (reomeTpuyeckuini pasmep B HanpaB/ieHUn ocu obpasua) npu Temnepatype TO;
LT. — anvHa o6pasuya npu Temnepatype [-

3.1.3 [AunddepeHuynanbHblit (MAN NCTUHHbLIN) TK/IP BbluMCAAKT No dopmyne

@)

roe LT — gnunHa o6bpasya npu temnepartype T;

p — AaBneHue.
3.1.4 CpegHnit TK/IP B nHTepsane temnepatypbl I, - TO (MHTerpasnbHbIil) BbIYNCAAKT No popmyne

AL 4 -tn
a(T-TQ
(3)

3.1.5 CpegHunit TK/IP B nitepane temnepartypbl 7,.. TM BblYUCAAKT N0 popmyne

\

)
A(r-tm ) -, (T -T) @)
roe AUy Tj+\) — yanuHeHue B uHTepBane TemnepaTtypbl oT 7} go [/+1;
LII — QAnvHa obpasya npu Temnepatype I-
3.1.6 B Ta6bnuuye 1 npuBefeHbl cTaHAapTHbie CNpaBOYHble 3HAYEHUS OTHOCUTENbHOrO yanuHeHusa AL/L

n cpepgHero TKJIP auB ana éepunnus.

Ta6nuuya 1— CraHgapTHble CNpaBoOYHble 3HAYEHUs OTHOCUTeNbHOro yanuHeHuss AL/L n cpegHero TK/P «cp ans
6epnnnusa B guanasoHe Temnepartyp ot 260 K go 870 K

Temnepatypa, 7}, K OUL =106 % +106- K-1 Temnepatypa, 7), K AL/L m106 «cp * 1065K"1
260 -136,892 10,41 620 4977,298 14,35
300 303,405 11,30 660 5675,090 14,67
340 794,847 11,89 700 6364,334 14,91
380 1316,392 12,32 740 7091,452 15,19
420 1875,275 12,77 780 7830,833 15,45
460 2462,683 13,18 820 8755,069 16,01
500 3069,281 13,53 860 9735,842 16,59
540 3693,204 13,84 870 10003,206 16,76
580 4335,791 14,13 — — —
3.1.7 PacwwnpeHHas HeonpefeneHHOCTb pe3ynbTatoB coctasnseT 1,2 « 10-7 K-1 ana guanasoHa Tem-

nepatyp ot 260 K go 870 K.

PacwupeHHas HeonpegeneHHOCTb MojlyyeHa NyTeM YMHOXEHWSA CTaHAapTHON HeonpeneneHHOCTUM Ha
K03 hmuneHT oxBaTa K = 2, COOTBETCTBYOLW NI YPOBHIO AOBepUs, paBHoMy 95 % npu gonyw,eHun Hopmanb-
Horo pacnpegeneHnda. OueHnBaHne HeonpeneneHHoCTn nposegeHo B cooteetcTBum ¢ NOCT 34100.3.

3.2 YpenbHas TeNN0eMKOCTb — KONMYECTBO 3IHEPrUM, KOTOpPOoe HeobxoAuMo nepenaTtb unu 3abpatb y
1rBewecTsa 419 U3MEHEHNUA ero TemnepaTypbl Ha 1 rpagyc.

2
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3.2.1 OnpeaeneHve yaenbHO TENN0eMKOCTH GEpUNNNUS BKIOYAET U3MEpPEHMe TeNN0BbiX 3KBUBAJIEH-
TOB NyCTOro KanopumeTpa v kanopumeTtpa ¢ 6epunnmemM, NOCTPOEHWE UX NOJIMHOMMUANbHbBIX 3aBUCUMOCTER OT
TemnepaTypbl U BblUUCNE€HUE YAeNbHOW TENN0eMKOCTN 6epunnus no gopmyne

o ®)

roe W, — onpepeneHHoe no NoAMHOMY 3HaYeHWe TEN/OBOrO aKBUBaNEeHTa aanabaTMyeckoro kasopumeTtpa
c 6epunnuem npu 3ajaHHol TemnepaType;

— onpefeneHHoe Mo MNOJIMHOMY 3HayeHWe TenjoBOr0 3KBMBaNeHTa MNycToro ajumabatnyeckoro
2 KanopumeTpa, COOTBETCTBYHOLW Ee 3HAYEHMNIO NOIMHOMA MpW 3ajaHHON TemnepaType.
3.2.2 Tlo NONy4YEHHbIM 3HA4YeHUsSM yhenbHOW Tennoemkoctu Cyg 6bin onpegeneH nonamHom C = C(7Y),
OMWCHIBAILWMIA 3aBUCUMOCTb YAENbHON TennoemkocTn 6epunnus

C(T) = 822,0739 + 3,522 «"6 «73- 7,62954 m10"3 + T2+ 6,405165 « I - 3,02294 « 105/72. (6)

CKO pe3ynbTaTtoB M3MepeHUii yaenbHoOn tenanoemMkoctn coctasmno 0,3 %.
3.2.3 B Ttabnuue 2 npuBefeHbl cTaHAapTHble CNpaBOYHble 3HAYEHWUA yaenbHON Tennoemkoctun Cp be-
punnna B AnanasoHe Temnepatyp oT 260 K o 870 K.

Tabnuuya 2— CTaHgapTHble CNpaBOYHbIE 3HAYEHUS yaeNbHOM TennoemkocTn Cp 6epunnna B guanasoHe Temneparyp
oT 260 K go 870 K

Temnepatypa, Tr K Cp, Ox/(xr mK) Temnepatypa, 7}, K Cp, Ox/(kr « K)

260 1586,387 580 2567,872
273,15 1669,021 600 2595,382

280 1709,106 620 2621,301
300 1816,184 640 2645,864
320 1910,671 660 2669,302
340 1994,795 680 2691,832
360 2070,229 700 2713,667
380 2138,261 720 2735,013
400 2199,906 740 2756,072
420 2255,983 760 2777,041
440 2307,166 780 2798,113
460 2354,023 800 2819,479
480 2397,040 820 2841,326
500 2436,640 840 2863,841
520 2473,199 860 2887,208
540 2507,055 870 2899,268
560 2538,518 — —

3.24 PacwwnpeHHaa HeonpegeneHHocTb pe3ynbTatoB coctasnseT 0,6 % Ang gvanasoHa TemneparTyp

oT 260 K go 870 K.

PacwwupeHHas HeonpeaesneHHOCTb MoJlyyeHa NyTeM YMHOXEHWS CTaHAapTHON HeonpeneneHHOCTM Ha
KO3 MuneHT oxBaTa K = 2, COOTBETCTBYHLW WA YPOBHIO f0Bepusa, NnpubnnsntensHo paBHomy 95 % npu go-
nyueHMn HopmanbHOro pacnpegenevus. OueHuBaHWe HeonpegesieHHOCTUM MNPOBEAEHO B COOTBETCTBUU C
FOCT 34100.3.
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MpunoxeHne A
(cnpaBoyHoOe)

XapaKktepuctukn martepuana
Bo oIryn «BHUM wum. .. MeHgeneesa» npoBefeHbl nccnegoBanma 6epunnua mapku TIT-56 ¢ cogepxaHnem

6epunnusa He meHee 97,8 %. XuMuYecknii cocTaB uccnegyembix 3aroToBOK NpuBegeH B Tabnmue A. 1, a xapaktepuctmka
Matepvana — B Tabnuue A.2.

Ta6nuuya Al — Xumuyecknii coctaB 6epunnns

MaccoBas gons npumeceii, %, He 6onee

Fe Al Si Cr F (@) C Ti Cymma Mg, Mn, Ni, Cymma N, H, CI
Cu
0,25 0,03 0,04 0,05 0,02 1,3 0,12 0,04 0,08 0,27

Tabnuuya A.2 — Xapakrepuctukun 6epunnus

MapameTp EpnHnua namepenns 3HayeHue
1 Mopgynb ynpyroctu Ma 290
2 YpenbHbll MOAyNb YNpyroctun (Ma « m3)/kr 156,7 « 103
3 MnoTHOCTb Kr/im3 1850
4 Tpefen npoyHOCTU MMMa 350
5 Mpegen TekyyecTtun MMa 25
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MpunoxeHne b
(cnpaBoyHoOe)

JKcnepuMeHTaslbHas annapaTtypa

B.1 V3mepeHve yASIMHEHUSI U TeMNepaTypHOro KoadduuueHTa MMHERHOro pacluupeHus 6epunnus

B.1.1 V3mepeHunst OTHOCUTENbHOrO yanuHeHusa n TKJIP o6pasuos 13 6epunnus B gnanasoHe Temnepatyp ot 260 K
[0 870 K npoBejeHbl Ha BbiCOKOTEMMEpaTypHOM AusiaToMeTpe ¢ Toskatenem (ganee — BAT) v reTepofuMHHO-NONAPK-
3aunoHHOM aunatometpe (ganee — [T1[), kOoTopble BXOAAT B COCTaB rocyapCTBEHHOro BTOPUYHOIO 3Ta/loHa eAuHu-
Ubl TemMnepaTypHOro KoathduumeHTa NMMHERHOrO paclinMpeHns TBepAbIX Tes B guanasoHe 3HauveHuidi ot 0,05 m 10~6 go
100,0 m10 6 K-1, B gnanasoHe 3HadyeHuit Temnepatypbl oT 90 Ao 1900 K (pernctpaunoHHblii Homep 2.1.ZZB.0240.2017).

b.1.1.1 BAT

CpefHee KBafpaTU4ecKkoe OTK/IOHEHWEe pe3ynbTatoB U3MepeHuin Ha BAT B nHTepBane temnepatypbl 100 K npu
npoBeAeHnn Tpex Hes3aBUCUMbIX U3MepeHuii coctasnseTt ot 0,30 « 10-7 go 2,20 « 10~7 B 3aBUCUMOCTMN OT 3HAYEHUI TeM-
nepatypsl.

M3amepeHns npoBefeHbl Npu cKOpocTu HarpeBa 1 °C/MUH 1 BblLEPXKE NPU KaXAoi cTauuMoHapHOl Temnepary-
pe He MeHee AByx 4yacoB. CTauuoHapHble Temnepartypbl, Npu KOTOPbLIX NPOBOAUNN U3MEPEHUs, NPpUBeLeHbl B Tabnnuax
B.1—B.3.

Ha pucyHke B.1 npegctaBneHa yHKLMOHaNbHass 610k-cxema aTtasioHHoro BAT.

PucyHok B.1 — ®yHKUMOHanbHas 6nok-cxema BAT

B HmxHeli yacTn kopnyca BAT pacnosiokeHa cuctemMa M3MEpPeHUs 1 perynmpoBaHusa Temnepatypbl. Hag Heli pas-
MeLLeHbl NeYb-TepMoCcTaT Y BEHTUNATOPbI OX1axaeHus. TemnepatypHas nedyb BbINO/IHEHA C NPUMEHEHMEM HarpesaTenel
u3 gucunuumnga monubaeHa MoSi2, paBHOMEPHO PacnoioKEeHHbIX BOKPYF BHYTPeHHel Tpybbl. BHelwHAs Tennonsonsaums
uMeeT Masyl TensonpoBOAHOCTb, NO3BOSET 06XOAUTLCA 6e3 TPaAULMOHHOIO BOASHOrO OXNaXAEHUA W MCNOMb30BaTb
4N OXNaxAeHUs TONbKO BEHTUNATOPBI. BHYTpeHHAS Tpy6a 13 kepaMuku, B KOTOPYIO NOMeLLatoT gepxartesb ¢ o6pasuamu
N TONIKaTeNaAMU, repMeTUYHO 3aKpbiTa CHWU3Y, a CBEPXY YN/IOTHEHA MO AepXaTesto, YTo No3BOJIAEeT NPOBOAUTL U3MEPEHUSA
B Bakyyme unam atMmocgepe MHepTHOro rasa.

Meuyb cHabxeHa ABYMSA MUKPONPOLECCOPHbIMU perynatopaMmv — U3MepuTensaMu TemnepaTypbl, UMeLWMy CBA3b
C KOMMNblOTEPOM. OAMH M3 HUX 3afeliCTBOBaH B KaHase ynpaBieHNss CUCTEMbI PeryimpoBaHus TemnepaTypbl neun. Jatum-
KOM CMCTEMbI peryinpoBaHnsa fBAsSeTcs Tepmonapa, pacnosioxeHHas B HeNnocpeACcTBEHHOM 6AM30CTM OT Harpeeartens, 4yTo
NMO3BO/ISAET COKPaTUTb NOCTOSAHHbIE BPEMEHW PErynMpoBaHus. VICNOMHUTENbHbIM YCTPONCTBOM CTAHOBUTCSH TUPUCTOPHbIA
ycunuTesnb, NOCPeACTBOM KOTOPOro Npou3BOAAT PEryIMPOBKY MOLLHOCTU HarpesaTesna neyn. MNporpamMmmbl peryivMpoBaHns
Temneparypbl MoO3BOMAT NPOBOAUTL U3MEPEHUA KaK B AMHAMUYECKOM pexume, Tak U B CTalMOHapHOM TeMrnepaTypHoOMm
pexumMe C Bblaepxkkoi obpasua npu 3agaHHoOW TemnepaType.
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Mi3mepeHne TemnepaTypbl 06pasua NponsBoaAT NNaTUHOPOANA-NNATUHOBON TepMonapol Tuna S ¢ BO3MOXHOCTbIO
ee 3aMeHbl Ha XpoMesib-aniloMeneByto TepMmonapy Tmna K (unuv nobyto apyryr). OCoO6eHHOCTLIO Neun ABnseTca ee manas
MHEPLMOHHOCTb, YTO MO3BONSET COKPATUTb BPEMS BbIAEPXKM ob6pasua npu 3ajaHHOl cTaTuveckoin Temnepartype. Ans
npoBeAeHNs N3MEPEHUn B BakyyMe K neyu nogknveHa cuctemMa BakyyMHOM OTKayku, COCTosiLLas U3 Hacoca, BakyyMHOro
KpaHa 1 BakyymMmeTpa. VimeeTcs Takxe BO3MOXHOCTb MPOBEAEHUS M3MepeHuii B aTMocdepe MHEePTHOro rasa, Aons yero
MCMNONb30BaH FePMETUYHBIN KpaH, COeANHEHHbIV C ra3oBbiM 6an10HOM.

Jepxatenb o6pa3uoB BbINOMHEH B BUAE KOPYHAOBOW TpyO6bl, B HWMXHEN 4acTu KOTOPOM yCTaHOBEHbl 06pasubl.
BHyTpu gepxatens pasmelleHa Tennom3onupyrolas BTynka ¢ TpeMs KaHanamu. B ogHOM kaHane B AByKaHasbHOWN kepa-
MUYeckoil Tpyb6ouke pasmelleHa apMuMpoBaHHas TepMonapa AN u3MepeHus temnepartypbl 06pasuoB. YyBCTBUTENbHbIN
3N1eMEHT TepMonapbl PacrnofioXeH Ha YPOBHE cepefiMHbl 06pasLoB. B AByX Apyrux kaHanax cBo6oaHo, 6e3 TpeHus, nepe-
[ABUTalOTCA KOPYHAO0BbIE LUINHAPUYECKME TOMKaTeNN.

BNOK MHAMKATOPOB PacnosioeH Ha NiacTMHE OCHOBaHWUA WHAMKATOPOB. B 6/10Kke pasmMelleHbl ABa O04MHAKOBbIX
MHAYKTUBHbIX LUMGPOBbLIX AaTynka nepemelteHns pupmbl «AHTep». JaTumky MMeloT BCTPOEHHbIN MHTepdelic A CBA3M
C KOMMNbIOTEPOM. M3mepuTenbHas ronoBka KaxAoro gatuvka ynupaeTcs B COOTBETCTBYHLWMIA TONKaTeNb, PErncTpupys
nepeMeLleHne, BbI3BaAHHOE M3MEHEHWEM pa3MepoB MccrefyeMblX 06pasLoB Npu U3MeHeHUn nx Temnepatypbl. Baok uH-
OVKaTOpPOB N306paxKeH Ha pucyHke b.2.

PucyHok b.2 — KoHCTpyKuma 610Ka UHOMKATOPOB

b.1.1.2 INA

CpefHee KBafpaTuyeckoe OTK/IOHEHWe pe3ynbTaToB usMepeHuin Ha M4 B nHTepBane temnepaTypbl 100 K npu
npoBeAeHNN TPEX HE3aBNCUMbIX U3MepeHuii coctasnseT ot 0,16 « 10-7 go 0,65 ¢ 10~7 B 3aBUCUMOCTW OT 3HAYEHUI TEM-
nepatypebl.

i3mepeHns nposegeHbl Npu ckopocTy Harpea 1 °C/MUH 1 BblAEPXKE NPU KaxAol cTaunmoHapHOW Temnepartype He
MeHee yaca. 3HayeHusa cTauuMoHapHbIX TeMnepatyp npusegeHbl B Tabnuuax B.4—B.6.

Ha pucyHke B.3 npegcrtaBneHa (pyHkunoHanbHaa 6510k-cxema IMA.

B ocHoBy pa6oTbl M4 NonoxeH UHTEPAEPEHLMNOHHbLIA METO M3MEepPeHUs YANMHEeHUs obpasua npu M3MeHeHuu
ero temneparypsl. [T umeeT BepTMKasibHYO KOH(purypaumio n coCTOMT M3 TEpMOKpMocTara, CUCTEMbl Nojadn asora,
3N1EKTPOHHOTrO 6510Ka U3MEpEeHNs 1 perynnpoBaHusa Temnepartypbl, U3MepUTEeNIbHOW CUCTEMbI C AepxaTenem obpasLuos,
ABYXKaHanbHOro uHtepdgepomMeTpa u 6510Kka CONpPsHXXEHNs C KOMMNbIOTEPOM. B KOMNAEKT npubopa BK/OUYEHbI Takxe cucTe-
Mbl hOpBaKyyMHOM OTKaukv M nojayuv MHEePTHOrO rasa.

TepmokpuocTaT gunatoMmeTpa npefHasHayeH Ana co3faHua TpebyeMoil Temnepartypbl uccnegyemoro obpasua B
COOTBETCTBMM C 3@[aHHOI TemnepaTypHOl Mporpammoin u3mepeHuin. BHyTpy kpuocTaTa pacnosfioeH HarpeBaTeslbHbIR
3N1EMEHT 1 Ba MUKPOMNPOLLECCOPHbIX perynsaropa — n3meputens temnepartypbl. MOWHOCTb, BblAeNssieMas B Harpesarene,
3aaeTcs CUCTEMOI perynnpoBaHns. B HemocpeACTBEHHOW 6/M30CTM OT HarpeBaTensi HaxoAUTCA TEPMO3/IeKTPUYECKUiA
npeo6pasoBaresib, CAyXauwuii 4aTinkoM TeMnepaTypbl CUCTEMbI PETYNNPOBaHNUA Y NOLAILLNIA CUTHAT HA OfHW U3 peryns-
TOpPOB — uM3MepuTenein TemnepaTtypbl. BakyyMHO-NNOTHasA KOHCTPYKUUS TepMokpuocTarta obecneyunBaeT repMeTMyHoOCTb
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N3MepUTENIbHOI CUCTEMbI C AiepXKaTesieMm 06pasLoB 1 No3Bo/sSeT NPOBOANUTL U3MEpPEeHUs Npu paspexenun o 10 Ma wnm
B Cpefe MHEepTHOro rasa.

ViavepuTesbHbIi G/10K € Aepxaresiem obpasLia

PucyHok b.3 — ®yHKuMoHanbHaa 6510k-cxema IMA

ONnsi M3MepeHnii Npy oTpuLaTeNbHLIX TemMnepaTypax B kpuocTaTe NpeAycMOTpeHa cucteMa Nofaun XUAKOro asorta
u3 cocyfa [btoapa. Mogaya Heob6XoAMMOro KonuyecTBa asoTa /s NoAAepxaHus Temnepartypbl Ha 3aaHHOM YpPOBHE
OCYLIECTB/ISIeTCA cneuuanbHbiM 3/IEKTPOMArHUTHLIM KanaHoM, ynpaenseMbiM OT 3/1IEKTPOHHOro 6/10Ka.

JepxaTtens 06pasyoB npeacTaBnseT co6oii BEPTUKA/bHO PACMOIOXEHHY0 KBapLeEBYH TpyGy, K OCHOBaHWIO KO-
TOpPOii NpuBapeHo AHO, NepneHANKYNAPHO K OCEBOM NNHUM Tpy6bl. Ha 3TOM [AHe ycTaHOB/IEH MacCUBHbI MefHbI 60K,
BblpaBHMUBaOWMIA TemnepaTypy. BepxHuii KoHel, AepxaTtens 3akpensjeH B MeTanMyeckoil o6oiiMe Ha OCHOBaHWU On-
TUYeCcKoro yctpoiictea. Mo kpasM TpyObl, B ee HWKHEel YacTu, cAenaHbl Bbipesbl 415l 0b6ecrneveHnss BO3MOXHOCTU ycTa-
HOBKM 06pasLoB. B MedHOM 6/10Ke MMeTCA TPU HamnpaBAsloWMX KaHana, [fBa W3 KOTOPbIX CAyXaT Ans pasMmelieHus
06pas3LoB, a B TpeTbeM pacnofaraeTcs uamepuTenb TemMnepaTypbl 06pasLoB — TePMO3iekTpulueckuii npeobpasosatesb
(Tepmonapa), NoAanLnii curHaa Ha BTOpPOii PerynsaTop — M3MepuTeb TeMnepaTtypbl TepMoKpuocTaTa. YyBCTBUTE bHBII
9NeMeHT AaHHOI Tepmonapbl HaxoAMTCA Ha YpPOBHE cepefuHbl 06pasua, M MMeeTcsi BO3MOXHOCTb NepeMelleHns ero B
3aBMCUMOCTM OT [/IMHbI 06pa3ua. Ha BepxHUx Topuax 06pasLoB, YCTAHOBMEHHbIX B KaHanax, pasMelleHbl onTuyeckue
[ATUMKL NOMOXKeHUs. JaTunkn BbINOSIHEHbI B 3aLUTHOM METa/l/IMYecKoM Koxyxe. C HWXKHEN CTOPOHbI AaTuuka HaxoauTCs
KOHWYECKMii BbICTYN [/11 TOUEYHOrO KOHTaKTa ¢ 06pasLoM, C BepxHeli — npusma, oTpaxatowas najgatowuii nyy nHtepde-
pomeTpa. BHeluHWiA BUA AATUUKOB MOSIOXEHUS NPUBEAEH Ha pucyHke B.4.

MeTannuyeckas oboiima

Touka KacaHusi ¢ 06pasLom

PucyHok b.4 — KOHCTpyKLMA ONTUYECKOro gaTumka NosoxeHns obpasua
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Ansa namepeHusa yanuHeHns B gunatometpe M4 ncnonb3yeTca ABYyXKaHafIbHbIA reTepOoAVHHBIA MHTepdepomeTp.
KaHanbl nHTepdepomeTpa mexay coboil Hes3aBUCUMbI U MOTYT U3MepATb YA/MHEHMEe ABYX 06pasuoB Nnbo yaanHeHue
nccnefyemoro obpasua OTHOCMTENIbHO W3BECTHOro. MeTepoAMHHO-NONSPU3ALNOHHBIA UHTEPgEpPOMETP BKIKYaET npu-
3My — MNOASPU3aLNOHHBIA AenuTenb, ABe ha3oBble NAacTuHKN JI4, aHannm3aTtop U yrofkoBblil OTpaxaTtenb. BHewHniA Bug
MHTepgepomeTpa npeacTasnieH Ha pucyHke B.5.

doTonpUeMHNK

PucyHok Bb.5 — BHelwHwnii Bug v npuHumMn paboTbl uHTeptepomeTpa MM

VicTouHnKOM cBeTa B MHTepdepomeTpe ABNsSeTCS cneyvanbHoe nasepHoe yCTPOCTBO, reHepupytoLwwee nsnyyeHme
Ha ABYX 6/IM3KMX A/IMHaxX BOMH. [pPOCTpaHCTBEHHO My4yku coBnafalT. Pa3HOCTb 4acTOT KOMNOHEHT cocTtasnset 3,6 MIu,
4YTO AaeT BO3MOXHOCTb NOMy4MTb 06a fyya U3 OAHON NNHUM MIOMUHECLEHUUN aKTUBHONM cpedbl. OAuH U3 nyyeli CNyxuT
OMOPHbIM, APYroN nyy HeceT nHopmaumio 06 yanmHeHun obpasua. J/lazepHoe yCTpoCTBO obecrneymBaeT Takxe Ha OT-
[JeNbHOM 3M1eKTPUYECKOM BbIXOAE 3/1EKTPUYECKWIi CUTHA Ha Pa3HOCTHOW yacToTe ABYX Ny4veil. SNeKTPUYECKWin curHasl
CUHXPOHN3UPOBAH C ONTUYECKOW PasHOCTbIO YacTOoT /y4yeil.

MpuHUMN n3mepeHnii nHTepdepomeTpa 3aknyaeTcs B cnegyowem. Ha Bbixoge u3 nasepa nyum cBeTa SIMHENRHO
NONSPU30BaHbl BO B3aMMHO OPTOrOHasIbHbIX MIOCKOCTAX, He MHTepdhepupyloT, T. €. Ha Bbixode W3 nasepa OueHus WH-
TEHCUBHOCTM C Pa3HOCTHOI 4YacTOTOW OTCYTCTBYHOT. Jla3epHblil flyd KOHEYHOW LWPWHbI (fanee — ny4yok), cogepxalyuii
06e KOMNOHEHTLI, NajaeT Ha NpusMy-pasgenutens (Ha pucyHke B.5 cnpasa Haneso). [lBa nyya, nokasaHHble Ha PUCYH-
ke B.5, — kpaiiHme nyun nyyka. ONOpHbIA Nyd, NONSAPU30BaHHbLIN Tak, YTO BEKTOP CBETOBOW BOJIHbI /1€XMWT B NI0OCKOCTU
pucyHka B.5, npoxoauT nonapusaLMoHHy0 Npu3My-paclienutenb 1 ganee yepes YeTBepPTbBOIHOBYIO (DA30BYHO NNACTUH-
Ky nonajaeT B YronKoBbIii oTpaxaTenb (Ha pucyHke B.5 cnesa). B yrosikoBoM oTpaxaTesie HanpaB/ieHne cBeTa CTporo na-
pannienbHo najatooLwemy nyyky U He 3aBUCUT OT OCTUPOBKW. Mocne oTpaKeHUs YroNkoBbIM OTpaxarenem CBeT MPoXoauT
yepes Ty Xe YeTBEPTbBOJIHOBYIO (Da30BYI0 NNACTUHKY. [IByKpaTHOE NPOX0OXAEeHNEe YeTBEPTLBO/THOBOM (Da30BOW NNACTUHKN
noBopaynBaeT NIOCKOCTb Nonspu3auny 3Toli KOMMNOHEHTHbI nasepa Ha 90°. B pe3ynbTaTe BEKTOp CBeTa OMOPHOro nyyka
Ha BXxofe B Mpu3My-pacuienutens (nocne ha3oBoi NNACTUHKM) Hanpas/ieH NeprneHANKYIAPHO K MI0CKOCTM pucyHka bB.5.
CBeT oTpaxaeTcs AuaroHasblo NpusMbl B COOTBETCTBMM C PUCYHKOM B.5 — HaBepx, B (hOTONPMEMHUK. 30HAUPYHOLLUI
nyy (gpyras KOMNOHeHTa cBeTa nasepa) WCXOAHO MNOASAPU30BAH Tak, YTO BEKTOP NEXUT NepneHAvKYNSApHO K MI0CKOCTH
pucyHka B.5. Boiiga (Ha pucyHke B.5 cnpaBa HasnieBo) OT fasepa B NpuM3My-pacllennTeslb, OH OTPaXaeTcs AnaroHasbio
NPU3Mbl BHU3, B HanpaB/eHWW BTOPOro YrosikoBOro oTpaxatens (ONTUYECKWn gaTuuk nonoxeHws obpasua). 3oHAUpYlo-
LW Iyy OoTpaxaeTcs OT BTOPOro YrosikoBOro oTpaxaTens U BTOPUYHO NPOXOANUT YeTBEPTbBOIHOBYIO (DA30BYH0 M/IACTUHKY.
MnockocTb nonspusaLnn 30HAMPYHIOLLEro iydya Takke noBopadvvMBaeTcs Ha 90° Mo OTHOLUEHWIO K UCXOAHON. Ha Bxope B
npu3my-pacluenuTesib BEKTOP CBeTa 3TO KOMMOHEHTbl HaxoAWTCs B NA0CKOCTU pucyHka B.5. CBeT, nonspu3oBaHHbIl Ta-
KM 06pa3om, NPOXoAuT CKBO3b AMaroHasnb pacliennstowelri npu3mbl HaBepx, Ha BbIXOA M3 Npu3Mbl. Ha Bbixoge (HaBepx)
13 NPWU3Mbl OMOPHbIA W 30HAMPYIOLWMIA Ty4n CHOBA COBMAAAlOT, HO NOMSPU30BaHbI OHWM OPTOrOHa/IbLHO APYr APYry U cO
casurom chasbl. a5 obecneyeHns MHTepdepeHLMn oba nydya NpusMbl-pacllennTenss NPOXoAsaT SIMHENHbIR aHanusaTop,
OPUEHTUPOBaHHbIN Nog 45° K HanpaBAeHUAM nonspusaunii 4ByX KOMMOHEHT nydyka. Mpy 3TOM MHTEHCUBHOCTb KOMMOHEHT
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yMmeHbliaeTca Ha 0,7. da3oBbiii caBWr, NPUOBPETEHHbI 30HAMPYIOLLUM NYYKOM B pesyfbTaTe AOMNO/HUTENbHOW pasHOCTH
xoAa, TpaHcdopmupyeTcs B (0a3oBblli CABUT MOAYMSILMOHHBLIX KonebaHuin. das30Bbli cABMT MOAynsauumn curdHana ¢oro-
npuemMHuKa HeceT MHGIOPMALMI0O O PaccTOsHUKM OT NpU3Mbl 40 obpa3ua, a M3MeHeHne (pasbl — 0 paclimpeHumn obpasua.
M3meHeHre hasbl curHana moaynauuu, npuxogsuiee ¢ )OTONPUEMHMKA, U3MEPSeTCs 3NEKTPOHHbIM YCTPONCTBOM HU3-
KO4YaCTOTHOrO OMOPHOr0 CUrHana, NPUXoAALLero U3 nasepHoro yctpoictea (3,6 MIu). BennunHa nsmeHeHus dasbl NpsAMo
nponopumnoHanbHa yaavHeHnto obpasua. [IMCKPeTHOCTb M3MepeHns usMeHeHus asbl B MHTepdepomeTpe cocTasnsier
277/512, 4TO COOTBETCTBYET HEOMPEAEIEHHOCTU N3MEPEHNS yAINHEHNSA o6pasua 1,24 Hm.

B.2 V3mepeHne yaenbHON TenI0eMKocT 6epunnus

Vi3mepeHns yaenoHol TenioemMmkocTn o6pasuoB 13 6epunnusa B gnanasoHe temnepatyp ot 260 K go 870 K npose-
OeHbl Ha agnabatnyeckom kanopumeTtpe KA-C4 n3 coctaBa rocyfapCTBEHHOIO MEPBUYHONO 3TasloHa e4MHNULbI YAENbHOW
TennoemkocTn Teepabix Ten MIT 60-2019. CKO pe3ynbTatoB M3MEpPEHW KasiopumeTpa npu BOCNPOU3BEAEHNN €4NHULbI
yAenbHol Tennoemkoctn coctasnseT (0,136  0,179) % npu nATMAECATM U3MEPEHUSIX. HeucknwuyeHHaa cuctemartunye-
ckas norpewHocTb He npesbiwaeT 0,008 %. CTaHAapTHasi HeonpeaeneHHOCTb N3MEepPEHUIA, oueHeHHast no Tuny A KA-C4,
coctasnset (0,136 * 0,179) %, no Tuny B — 0,004 %.

AgvabaTtnyeckuin kanopumeTp npeactaBnseT co6oi LUMAMHAPUYECKYHD A4eiiky n3 cepebpa, OKPYXEeHHYH ABYMS
LUNNHAPUYECKUM OXPaHHbIMU 060/104KaMn 1 Neyvbo IM60 TepMOCTaTOM B 3aBUCMMOCTW OT TEMMEpAaTypHOro guvanasoHa
n3MepeHnii. Aueiika cogepXnT YeTblpHaguaTb 60NbWNX LUANHAPUYECKUX KaHAN0B AN pasMeLleHns nccnegyembix 06-
pasuos, Tpy 60/bLIMX KaHasia ANA LEeHTPasbHOro M3MepuTesibHOro TepMOMeTpa COMPOTUB/IEHUA U ABYX TEPMOMETPOB
CONPOTUBNEHNS, BK/IOYEHHbIX B CUCTEMY aBTOMATUYECKOro perynupoBaHus, U TpuAauatb ABa MasblX LUANHAPUYECKNX
KaHana C HWXPOMOBbIM HarpeBaTe/nieM B KepamMuyeckoin usonsaumu. Bce kaHanbl fuelikm pacnosioXeHbl CUMMETPUYHO
OTHOCUTE/IbHO LEHTPasIbHOM ocK Auelikn. FAueiiky pasmeLLalT koakcuanbHO 06enM OxpaHHbIM 060s04kam. eomeTpu-
yeckne pasmepbl OXpPaHHbIX 060/04EK, UX KOHCTPYKUMA U pa3melleHne B KasiopyMeTpe M Cnoco6 pasmeLleHns syelikv
BbINOJ/IHEHbI TAKUM 06Pa3oM, YTO6bl MUHUMU3NPOBATL TEN/I0BbIE NOTEPU, Bbi3BAHHbIE Pa3HbIMW MeXaHW3Mamu nepegayv
Tenna. Kaxgasa obonoyvka npeacraenseT cob60i LMAUHAP C AHOM U KpbILWKO/ 13 cepebpa Cp 99,99, Ha BHellHeli 60KOBOI
CTOpOHEe KOTOPOI CnMpasibHO HamoTaH HarpesaTtesib. [leyb KkasopumeTpa BbiNOSIHEHA B BUAE ABYCTEHHOro koxyxa. Ha
BHYTPEHHEN CTeHKe KOXyXa C BHelUHeli CTOPOHbl pacnosioxeH (POHOBbIN HarpeBaTesnb. [N namepeHwii B obnactn oT-
puuaTtesnbHbIX TEMNepaTyp BMECTO Neyy UCMOoNb3YT TEPMOCTAT: KOHCTPYKUUA B BUAE ABYCTEHHOrO KoJjinaka W BHELIHEero
Tena0n30NALUNMoHHOro cnos [1].

ANTOpPUTM ynpas/ieHns KanopuMeTpoM npuBefeH Ha pucyHkax 5.6

PucyHok 6.6 — Anroputm ynpasneHusi o6opygoBaHmem

MeToauka n3MepeHuii yaenbHoi TennoeMkocT KA-C4 BkovaeT ABa aTana: M3MepeHue TennoBoro akBuBaneHTa
MycTOro KajiopumMeTpa 1 TEMIOBOTO 3KBMBAJIEHTA KaslopumeTpa ¢ Mepoii. TennoBble 3KBMBANEHTbI B 060MX C/yyas onpe-
LEeNAT No pe3ynbTataMm U3MEPEHWIA BBOAVMON 3HEPTM U Arana3oHy U3MeHEeHUs TemnepaTtypbl o6pasLa npu Harpeee oT
OfiHOVi 3aAaHHOl CTauMoHapHOW TemnepaTypbl A0 Apyroi. Mo pesynbTaTtam MnosyyeHHbIX 3HauyeHuii Ans NycToro Kanopw-
MeTpa ¥ KasiopumeTpa ¢ Mepoii CTPosAT NOIMHOMUA/IbHLIE 3aBUCMMOCTM OT TeMnepatypsbl. A 3atem cornacHo popmyne (5)
onpeaensitT yAebHylo TEN0EMKOCTb UCCeAYEMOro BELLECTBA MPU BbIGPaHHbLIX 3HAYEHUAX TEMNEpPaTypbl.



FOCT P 8.1034—2024

MpunoxeHvne B
(cnpaBoyHoOe)

3KCI'IepI/IMeHTa}'IbeIe AaHHblE

Pe3ynbTatbl M3MepeHuii OTHOCUTENBLHOTO yAnuHeHust n cpegHero TKJ/IP o6pa3yoB n3 6epunnaus Ha M4 n BAT,
peanusytoliem abconoTHOe N3MepeHne OTHOCUMTENbHOMO YA/MHEHUS B COOTBETCTBMU C METOAUKOW, paspaboTaHHOl Ans
[aHHOro martepuana B CTaTMYECKOM pexume, npueefeHbl B Tabnuyax B.1—B.6.

Ta6bnuuya B.1 — Pe3synbTatbl N3MEPEHNIA OTHOCUTENBLHOTO YA/IMHEHNUS U cpegHero TK/IP o6pasua 1 n3 6epunavsa Ha
BAT

Temnepatypa,

T K AUL w106 ap + 106, K-1 ALL - 106 acp * 106, k-1 OM. 106 aq + 06, K-1
413,11 1783,706 12,74 1765,940 12,61 1778,377 12,70
433,05 2070,192 12,94 2053,680 12,84 2064,000 12,90
452,89 2360,912 13,12 2346,775 13,04 2353,844 13,08
473,15 2655,342 13,28 2655,342 13,28 2647,368 13,24
493,08 2967,122 13,49 2949,355 13,41 2958,239 13,45
513,11 3275,338 13,65 3255,725 13,57 3265,531 13,61
533,14 3592,571 13,82 3571,058 13,73 3581,815 13,78
552,99 3916,002 13,99 3876,998 13,85 3904,300 13,94
573,23 4231,227 14,10 4214,319 14,05 4218,546 14,06
593,20 4559,501 14,25 4532,198 14,16 4545,850 14,21
612,93 4867,753 14,32 4887,282 14,37 4853,106 14,27
633,06 5240,880 14,56 5188,680 14,41 5225,220 14,51
653,01 5566,711 14,65 5533,378 14,56 5550,044 14,61
672,99 5909,904 14,77 5886,288 14,72 5892,192 14,73
693,15 6272,561 14,93 6222,531 14,82 6253,800 14,89
713,22 6617,609 15,04 6577,982 14,95 6597,796 14,99
732,94 6945,880 15,10 6959,800 15,13 6925,001 15,05
752,99 7305,360 15,22 7320,000 15,25 7283,400 15,17
773,09 7669,630 15,34 7685,000 15,37 7646,575 15,29
820,01 8768,201 16,03 8724,426 15,95 8741,936 15,99
858,15 9716,370 16,56 9735,842 16,59 9687,162 16,51
868,83 9963,193 16,69 10023,212 16,79 9933,184 16,64

Tabnuuya B.2— Pe3ynbTaTbl U3MEPEHNIA OTHOCUTENBLHOTO yAAuHeHUs un cpegHero TKJ/IP obpasua 2 u3 6epunnusa Ha
BAT

Te”'“?f’?gypa' [M. «106 «p W06, K-1  AM. *106  (p m106-K-1 AM/. * 106 % «106. K-1
41213 1778,377 12,70 1781,930 12,73 1780,153 12,72
433,06 2068,128 12,93 2072,256 12,95 2070,192 12,94
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OkoHuaHue Tabnuubl B.2

Te“"”?f”iwpa’ AUL w106 @p+106.K-1  OULWIOB  «p 106, K-1 AUL m106 «p +106. K-1
453,08 2363,269 13,13 2367,981 13,16 2365,625 13,14
473,05 2663,316 13,32 2668,632 13,34 2665,974 13,33
492,04 2958,239 13,45 2064,161 13,47 2961,200 13,46
513,03 3265,531 13,61 3272,069 13,63 3268,800 13,62
533,01 3581,815 13,78 3588,985 13,80 3585,400 13,79
553,01 3892,599 13,90 3900,400 13,93 3896,500 13,92
573,08 4222,773 14,08 4231,227 14,10 4227,000 14,09
592,08 4541,299 14,19 4550,400 14,22 4545,850 1421
613,10 4867,753 14,32 4877,518 14,35 4872,635 14,33
633,11 5204,340 14,46 5214,780 14,49 5209,560 14,47
653,04 5544,489 14,59 5555,600 14,62 5550,044 14,61
673,05 5886,288 14,72 5898,096 14,75 5892,192 14,73
693,01 6235,039 14,85 6247,546 14,88 6241,292 14,86
713,03 6591,191 14,98 6604,400 15,01 6597,796 14,99
732,91 6945,880 15,10 6959,800 15,13 6952,840 15,11
753,11 7298,040 15,20 7312,680 15,23 7305,360 15,22
773,21 7669,630 15,34 7685,000 15,37 7677,315 15,35
819,34 8728,803 15,96 8746,313 15,99 8737,558 15,98
859,58 9716,370 16,56 9735,842 16,59 9726,106 16,57
867,90 9973,196 16,71 9993,203 16,74 9983,200 16,73

Tab6nuuya B.3 — Pe3ynbTtarbl U3MEPEHUIA OTHOCUTENLHOIO YANAMHEHUA u cpeaHero TK/IP o6pasuya 3 u3 6epuniuvs
Ha BAT

Temnepatypa, T; K AuL =106 «cp + H06. K-1 AUL - 106 «cp + HOB. K~1 AL/L w106 % gl
412,89 1773,047 12,66 -0,1 1774,823 12,68 0,1
432,93 2070,192 12,94 0,4 2072,256 12,95 0,6
453,11 2365,625 13,14 0,5 2367,981 13,16 0,7
472,93 2663,316 13,32 0,3 2665,974 13,33 0,5
493,07 2964,161 13,47 0,2 2967,122 13,49 0,4
513,12 3275,338 13,65 0,3 3278,606 13,66 0,5
533,11 3592,571 13,82 0,3 3596,156 13,83 0,5
553,04 3904,300 13,94 0,2 3908,201 13,96 0,4
573,03 4231,227 14,10 0,2 4235,454 14,12 0,4
593,01 4559,501 14,25 0,3 4564,051 14,26 0,5
613,10 4892,165 14,39 0,3 4897,047 14,40 0,5
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OkoHuaHue Tabnuubl B.3

Temnepatypa, 7, K OLL =106 «p’ 106. K"1 o o8 «cp m™8, K-1 AUL - 106 % K'_!. °6.
633,21 5235,660 14,54 0,4 5240,880 14,56 0,6
652,18 5561,156 14,63 0,2 5566,711 14,65 0,4
673,16 5909,904 14,77 0,2 5915,808 14,79 0,4
692,92 6241,292 14,86 -0,1 6247,546 14,88 0,1
713,01 6577,982 14,95 -0,3 6584,587 14,96 -0,1
732,07 6973,720 15,16 0,3 6980,679 15,18 0,5
753,17 7327,320 15,27 0,2 7334,640 15,28 0,4
773,14 7700,370 15,40 0,3 7708,055 15,42 0,5
821,00 8746,313 15,99 0 8755,069 16,01 0,2
859,93 9755,313 16,62 0,3 9765,049 16,64 0,5
868,75 9983,200 16,73 -0,1 9993,203 16,74 0,1

Ta6bnuua B.4 — Pesynbtatbl M3MEPEHUI A OTHOCUTENBLHOTO YAJ/IMHEHUS U cpegHero TK/IP o6pasua 1 n3 6epunnus
Ha M4

Temnepatypa, Tt K AUL - 106 «cp m1°6. K~1 AUL +106  (cp.1°6 K-1 AUL 106 cp mi06. K-1
253,14 -205,205 10,26 -204,385 10,22 -204,590 10,23
312,99 461,076 11,53 462,000 11,55 459,690 11,49
333,10 708,214 11,80 703,973 11,73 706,093 11,77
353,07 962,722 12,03 956,957 11,96 959,839 12,00
373,23 1225,446 12,25 1218,108 12,18 1221,777 12,22
393,27 1498,190 12,48 1489,219 12,41 1493,705 12,45

Tabnuua B.5 — Pesynbtatbl M3MEpPEHU A OTHOCUTENBLHOTO YAJSMHEHUS U cpegHero TK/IP o6pasua 2 us 6epunnus
Ha M4

TEM”iS?YPa, aUL mo6 «p' 1°6.K-1 AL w106 «p’ 106 K1 ol =106 acp-108,K-'
252,97 -203,975 10,20 -204,385 10,22 -204,180 10,21
313,04 463,848 11,60 464,772 11,62 464,310 11,61
333,01 708,214 11,80 709,627 11,83 708,920 11,82
352,99 961,761 12,02 963,682 12,05 962,722 12,03
373,15 1225,446 12,25 1227,892 12,28 1226,669 12,27
393,03 1502,676 12,52 1505,666 12,55 1504,171 12,53

Tabnuua B.6 — Pesynbtatbl M3MEpPEHUIA OTHOCUTENBLHOTO YAJSIMHEHUS U cpegHero TK/IP o6pasuya 3 us 6epunnvs
Ha M4

Temnepatypa,
rf’ il AUL + 106 « 10 6. k-1 AUL w106 «p * 106, K"1 ALL m106 « +106-K'1
253,12 -204,385 10,22 -0,2 -204,590 10,23 0
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OkoHuaHue Tabnuubl B.6

Temnepartypa,

T,K

312,89
332,04
353,11
372,97

392,99

ALL m10e

461,076
706,093
961,761
1224,223

1496,695

«p+1°6.K-1

11,53
11,77
12,02
12,24

12,47

AUL - 10e

-0,1
0

0,2

0,2

0,2

% mio 6, K-1

461,538
706,800
962,722
1225,446

1498,190

FOCT P 8.1034—2024

[M. « 106

11,54
11,78
12,03
12,25

12,48

«p ' 106.K"1

0,1
0,2
0,4
0.4

0,4

[na npuBefeHns faHHbIX K eMHbIM TemnepaTypam Gblav onpefeneHbl NOMHOMUHAbHbIE 3aBUCMMOCTW TEMo-

BbIX 3KBMBA/IEHTOB NyCTOro Kanopumetpa Wil n kanopumetpa ¢ 6epunnvem W2 oT TemnepaTypbl. PesynbTaTbl U3MepeHnit

TEN/I0BbIX 3KBUBAJIEHTOB Ka/IOpMMETPOB NpuBegeHbl B Tabnvue B.7.

Tab6nuuya B.7— PesynbTarhbl

nnem

Temnepartypa, °C

-13,16
-9,53
-4,01
-2,80
-0,10

6,41

9,01
16,89
27,00
37,01
46,90
56,72
56,60
65,00
74,63
84,01
95,00
104,30
120,13
129,70

139,80

I/I3MepeHI/IVI TENJIOBbIX 3KBUBa/IEHTOB MNYCTOro KasaopunmMmeTpa U KaiopumeTpa C 6ep|/|n-

Wv [Ix/K
264,463

265,142

266,134
266,435
266,902

268,043
268,481

269,803
271,427
272,957
274,412
275,779
275,777
276,909
278,156
279,348
280,650
281,738
283,498
284,522

285,558

Temnepartypa, °C

-13,212
-9,654
—4,325
-2,677
-0,091

6,385

8,929
16,818
26,949
36,960
46,914
56,675
56,665
65,054
74,648
84,161
94,956
104,316
120,128
129,739

139,766

W2, Ox/K
344,8705
343,8574
346,5658
347,4606
348,6979
351,7636
352,8132
356,3084
360,5969
364,5777
368,1630
371,9348
371,9106
374,6372
377,8263
380,8982
383,7759
386,6553
390,7699
393,1835

395,5720
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MpoponmkeHne Tabnuubl B. 7

Temnepatypa, °C Wv Ox/K Temnepartypa, °C W2, Ox/K
149,68 286,549 149,667 397,8334
159,71 287,523 159,690 400,2802
169,46 288,446 169,458 402,2480
184,88 289,852 184,874 405,2825
194,90 290,738 194,926 407,2672
210,42 292,062 210,431 410,1591
220,76 292,918 220,753 411,9175
237,66 294,277 237,654 414,9608
249,90 295,240 249,982 416,9960
265,15 296,394 265,123 419,4004
279,14 297,436 279,124 421,5411
291,02 298,319 291,214 423,3310
307,30 299,469 307,243 425,6300
315,25 300,036 315,246 426,7501
324,55 300,689 324,541 428,0278
332,46 301,241 332,452 429,1003
341,16 301,845 341,15 430,2623
354,14 302,742 354,142 431,9692
365,60 303,531 365,612 433,4530
374,13 304,116 374,128 4345411
382,33 304,679 382,321 435,5800
391,121 305,284 391,124 436,6876
401,672 306,009 401,652 438,0036
412,505 306,761 412,521 439,3546
424,001 307,559 423,987 440,7743
431,835 308,110 431,842 441,7451
442,110 308,835 442,112 443,0149
457,570 309,939 457,564 4449298
466,001 310,549 465,987 445,9785
474,352 311,162 474,354 447,0246
482,320 311,752 482,321 448,0263
490,684 312,378 490,682 449,0850
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OkoHuaHue Tabnuubl B. 7

Temnepartypa, °C
501,230
511,107
524,241
531,952
540,218
549,882
561,230
569,119
583,125
590,180
599,130
-13,010
-5,047
-2,018
-2,021

0,012
50,033
100,078
150,025
199,980
249,015
300,010
349,980
399,985
450,055
499,999
550,029

600,001

WL, Ik/K

313,179
313,942
314,976
315,595
316,270
317,072
318,034
318,717
319,958
320,598
321,425
264,504
266,003
266,556
266,555
266,920
274,855
281,251
286,584
291,176
295,165
298,952
302,455
305,894
309,400
313,085
317,085

321,507

Temnepartypa, °C

501,231
511,112
524,236
531,946
540,224
549,876
561,227
569,122
583,121
590,172
599,121
-13,001
-5,040
-2,014
-2,015
0,011
50,032
100,087
150,021
199,988
249,011
300,009
349,978
399,982
450,053
500,001
550,032

599,998

FOCT P 8.1034—2024

W2, Ox/K

450,4321
451,7078
453,4265
454,4505
455,5633
456,8793
458,4548
459,5697
461,5886
462,6271
463,9672
342,1030
346,2086
347,7099
347,7145
348,8355
369,1057
385,0981
397,8822
408,2955
416,9206
424,5169
431,3006
437,7099
444,0247
450,4270
457,0540

463,9409

A 3aTeM C yueToM Macchl o6pasua u3 Gepunnua 49,140881 r paccuuTaHbl 3HAYEHUS YAEe/bHON TEennoeMKocTy,

npegcrasneHHble B Tabnvue B.8.
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Ta6nuua B.8— MonyyeHHble 3HAYEHUS YAE/LHON TennoemMKocTn 6epunnus

Temnepatypa, °C Cp, [x/(xr « K) Temnepartypa, °C Cl Ix/(xr « K) Temnepartypa, °C Cp, Ox/(xr « K)
-13,212 1585,978 220,75 2424,907 511,11 2802,635
-9,654 1609,134 237,65 2456,744 524,24 2816,663
~,325 1642,705 249,98 2478,671 531,95 2824,992
-2,677 1652,828 265,12 2504,231 540,22 2834,023
-0,091 1668,475 279,12 2526,629 549,88 2844,685

6,385 1706,444 291,21 2545,093 561,23 2857,433
8,929 1720,905 307,24 2568,429 569,12 2866,45
16,818 1764,215 315,25 2579,63 583,12 2882,778
26,949 1816,681 324,54 2592,292 590,17 2891,184
36,96 1865,366 332,45 2602,792 599,12 2902,045
46,914 1910,956 341,15 2614,062 -13,001 1587,368
56,675 1953,177 354,14 2630,401 -5,04 1638,275
56,665 1953,135 365,61 2644,379 -2,014 1656,867
65,054 1987,617 374,13 2654,512 -2,015 1656,861
74,648 2025,162 382,32 2664,082 0,011 1669,087
84,161 2060,543 391,12 2674,185 50,032 1924,699
94,956 2098,632 401,65 2686,052 100,09 2116,017
104,32 2130,014 412,52 2698,085 150,02 2264,409
120,13 2179,846 423,99 2710,576 199,99 2382,686
129,74 2208,333 431,84 2719,033 249,01 2476,982
139,77 2236,713 442,11 2729,99 300,01 2558,052
149,67 2263,474 457,56 2746,318 349,98 2625,226
159,69 2289,368 465,99 2755,167 399,98 2684,184
169,46 2313,511 474,35 2763,94 450,05 2738,4

184,87 2349,572 482,32 2772,29 500 2790,873
194,93 2371,831 490,68 2781,064 550,03 2844,859
210,43 2404,37 501,23 2792,171 600 2903,121
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MpunoxeHuve I
(cnpaBoyHoOe)

MeToa 06paboTKM 3KCNEePUMEHTasIbHbIX AAaHHbIX

1 Metog 06paboTKM aKCNepUMEHTaNbHbIX AaHHbIX N0 TK/IP

1.1 OcHOBHblE NONOXEHUA

Mpy obpaboTke pe3ynbTatoB usmepeHuin TKJIP G6epunnua ons annpokcumauun 3KCNepuMeHTaslbHbIX AaHHbIX B
cucteme 6blIM MCNOJIb30BaHbl Kybuyeckne chnaiHbl MOHWKEHHOM KPUBWU3HbI, MUHUMU3MpPYOLWMe B3BeweHHoe CKO. Mo-
CTPOEHMe ChNanHoB OCYLWEeCcTBAANN NO 3HAYEHUAM YAJMHEHUA NpU pasfiMyHbIX Temnepartypax ¢ fjobasneHnemM ycnosui
HenpepbIBHOCTM NEepBOI U BTOPOI MPOU3BOAHOW B y3nax annpokcumaumu. Ha kpasx nHTepBana NpuMMEHsAn KBagpatuu-
Hyto annpokcumaumio: ansa N y3noB annpokcuMmauyumn cnnaitbl cogepxat 4(J1/ —3) + 3 2 = 4/ —6 koadhmymeHToB, 415
onpegeneHns kotopbix umeetcsa N + 3(/V- 2) =4/V- 6 ypaBHeHuWii. Ha JaHHOM MHOXeCTBe y3/10B annpokcumauuy cymma
cnnaliHoB Takxe fiBNsfnacb cnnaiiHom Toro )KeNBm,qa, 4YTO NO3BOMUNO NPeACTaBUTb annNpPOKCUMUPYIOLWWIA cnnavH B BUAE,

aHanornyHoMm nonuHomam Jflarpavxa S(T) =Y pisi(T) - tde cnnaliHbl S, yaosneTsopsitoT ycnosusam S, (MY = 8y (cumBon
KpoHekepa). 1

OCO06EHHOCTbLI0 pe3ynbTaToB AMNaTOMETPUYECKUX U3MEPEHUI SIBASETCA UX NPUBA3Ka B Npefenax Kaxaon /c-cepum
K ee HayanbHoli Temnepatype TKOOTHOCUTENBLHO ANMHBLI 06pa3ua, Npu KOTOPOW M U3MEPSIIOT ero yaanHeHne. AHanornyHo
annpoKCMMPYIOLLY 3aBUCUMOCTb CTPOSAAT OTHOCUTE/IbHO HEeKOTOopol dhukcnpoBaHHo TemnepaTypbl TO (06bibHO 20 °C),
3HaYeHWe YASIMHEHWUSA NpW KOTOPO NPWHUMAKT paBHbIM HyM. COOTBETCTBEHHO K MHOXECTBY Y3/10B annpokcuMaLmm
fo6asnsatT Touky M0, B koTopoit Bce Sy= 0. [lanbHelilne BblYMCNEHUSA NPOBOAAT METOLOM CUHIYNSPHOTrO pPasfioXeHus,
NO3BOMSIOLWMM HAXOAUTb pelleHne NMHENHbIX CUCTEM C MaTpuLamMu HEMOHOTO paHra. Mounck annpokCMMUpYLWen yHK-
UMK CBOAAT K PELLEHNI0 CUCTEMBI JIMHEHBIX YpaBHEHWH 0THOCUTENBHO KoaddpuuneHToB Cy Alj Ci = DLK wl ¢ maTpuueit
Alj, Bbluncnsemoii kak Akj = (Sj(Tk) - {Si(TkO)wK. 3HaueHusi BecoB Wi BbIGMpatoT COrNacHo oLeHKkam MOorpeLHOCTU 3KC-
nepvMeHTasbHbIX faHHbIX. O NONYyYEHUsI CraXeHHbIX cniaiHoB k maTpuue Al 106aBNAOT CTPOKM, COOTBETCTBYHOLME
CcKaykaM NpoM3BOAHbLIX OT CM/IANHOB B y3/1ax annpoKcuMaLuu, YMHOXEHHble Ha Ko3(uumeHT crnaxuaHus. CooTBeT-
CTBYIOLLME KOMMOHEHTbI BEKTOPa NpPaBblX YacTeil MPUHUMAIOT PaBHbIMU HYM0. CUHIYNSIPHOE pas/iokeHue MUHUMU3NpYyeT
KBagpaTuyHoe OTK/IOHeHMe. Takum obpasom, cnnialiHbl, NOyYeHHble B pe3y/bTaTe pacyeToB, OKa3biBAKTCS «CMPSAMIEH-
HbiMW». CTeneHb CNpsAMAIEHUS 3aBUCUT OT KOIhULMEHTa CrIaXuBaHUa U MOXeT GbiTb BbiOpaHa B MpoLecce annpoKcu-
mauuu.

YBenunyeHne koadhuumneHTa CrnaxnBaHusi COBMECTHO C YBE/IMYEHUEM 4YKCNa Y3/0B annpokcumauuu no3BonsieT
MOBbICUTb €€ TOYHOCTb. MpK oNTUMaNbHOM BblGope KO3 huLMeHTa CrnaXmBaHnsa Noay4vatT 4OCTATOYHO rnajkie KpuBble
He TOMbKO A1 OTHOCUTENBLHOIO YANMHEHUS!, HO U ANA UCTUHHOro TK/IP, T. e. Ansi NPOU3BOAHOW yANMHEHMA MO Temnepa-

Type.
1.2 NMopagok oueHkNn HeonpeaeneHHocTn namepexunii TKIIP

Mpy oueHKe xapakTepuCTUK TOYHOCTU U3MEPEHU AN KaXAOro TeMnepaTypHOro gvanasoHa BblYUCAAKT cpefHee
apudgmeTnyeckoe 3HavyeHue TKJIP a 13 M, NoAy4YeHHbIX MeTogoMm cnnaiiHos TK/IP no chopmyne

5

r.1)
n
rae N — 4yncno m3MepeHunii Bcex obpasuyos TK/P.
CraHfapTHyl0 HeonpegeneHHocTb MA MO TUMy A BbIYUCNAIOT NO DOpMysiam:
S
r2
r3)

rae S — BblbopoyHoe CKO cniyyaiHOW NOrpeLHoCT! U3MEePEHNIA.
17
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CTaHfapTHY0 HeonpeaeneHHOCTb UB Mo TuMny B BbIUMCASIOT Mo dpopmysie

®(p)
WB=WT (r-4)
roe 0 A — poBepuTe/ibHbIE TPaHWULbl HEUCK/THOUYEHHON CMCTEMATMYECKOM MOrpewwHocTn pesynbTaTa U3MEepPeHUin Ha wuc-

nosib3yeMOM CpeAcTBE U3MEPEHUI, CKNaAbIBAEMON U3 HEUCK/TIOUYEHHON CMCTEMaTMYecKoli norpewHocTn (ganee — HCIM)
MeToAa U HEWUCK/IIUEHHOW CUCTeMaTUYeCKOol NOrpeLlHoCT CpeacTBa U3MepPEeHMii:

r,qej — 0603HaveHune COCTaBI'IFHOLLI.eI?I HENCKMYEHHOI cucTemMaTnyeckom norpeLwHoCcTH;

NPUHUMAIOT PaBHbIM CyMMapHOMY KBaApaTuyeckoMmy OTK/IOHEHWIO pe3ynbTaToB M3MEPEHUn Ha NPUMEHUMOM
CW, Tak kak oHo yuyuTtbiBaeT n HCI metoga u HCI camoro CU;

K — koadchuumeHT, pasHblli 1,1 npn goBepuTtenbHoi BeposaTHocT P= 0,95. CymmapHyt cTaHapTHYH Heonpege-
JIEHHOCTb UC BbIYNCNAOT M0 hopmyie

uc =ylul+u£. (rs)
PaclvpeHHyio HeonpeaeneHHocTs Up BbIUUCAAIOT No hopmyne

Up=kuc, (r.6)

roe K — npuHUMaloT paBHbIM 2 npu ypoBHe fosepus 95 %.

1.3 Pe3synbTaTthbl OLEHKN HEONpeAeieHHOCTN namepeHnin TKJIP
Pe3ynbTatbl oueHkn HeonpegeneHHocTn namepeHnin TK/IP ansa o6pasyoB 1—3 nocne 06paboTkM N3MEPEHHbIX 3Ha-
YeHuii MeToAoM, ykasaHHbIM B I.1, npuBegeHbl B Tabnuue 1.

Tab6nuuya TI1— Pe3ynbTarbl OLEHKM HeonpeaeneHHocTn namepenunii TKP

i3mepeHHbIi KOathULMEHT NMUHERHOTO pacluvpeHus B gnanasoHe 293,15 - T), acp x to 6, K-1

T
260 300 340 380 420 460 500 540
1 10,41 11,28 11,91 12,33 12,8 13,2 13,55 13,87
O6pasey 1 2 10,4 11,32 11,87 12,3 12,76 13,18 13,52 13,83
3 10,41 11,3 11,88 12,32 12,79 13,17 13,54 13,84
Vamepe- 4 10,43 11,31 11,9 12,31 12,8 13,19 13,52 13,83
O6pasey 2 Hve 5 10,4 11,33 11,92 12,34 12,76 13,22 13,55 13,86
6 10,4 11,3 11,88 12,3 12,79 13,18 13,53 13,84
7 10,39 11,27 11,87 12,3 12,73 13,17 13,52 13,84
O6paszey 3
8 10,41 11,3 11,91 12,32 12,77 13,19 13,54 13,86
Cp. x 10e, k-1 10,41 10,41 11,30 11,89 12,32 12,78 13,19 13,53
CKO x w0 7,K"1 0,06 0,12 0,20 0,20 0,15 0,24 0,17 0,13
LAX KO7,K"1 0,03 0,04 0,07 0,07 0,05 0,09 0,06 0,05
mB x K07, K~1 0,2 0,2 0,2 0,2 0,2 0,50 0,50 0,50
uc x 107, K"1 0,20 0,20 0,21 0,21 0,21 0,51 0,50 0,50
npx 107, K"1 0,41 0,41 0,42 0,42 0,41 1,01 1,01 1,00
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OkoHuaHue Tabnuubl L1

V13MepeHHbIN KO3hhNLMEHT MMHERHOTO paclunpenmns B gnanasoHe 293,15 - 7- ag x 10 6, K-1

° 580 620 660 700 740 780 820 860 870
1 14,15 14,35 14,68 14,92 15,18 15,44 16,03 16,57 16,76
O6bpasey 1 2 14,12 14,37 14,65 14,91 15,2 15,46 15,95 16,6 16,79
14,12 14,32 14,66 14,91 15,19 15,42 15,99 16,53 16,75

4 14,16 14,33 14,64 14,89 15,19 15,42 15,97 16,56 16,73

M3mepeHune

O6pasey 2 5 14,12 14,38 14,69 14,93 15,21 15,46 15,99 16,59 16,76
6 141 14,34 14,68 14,91 15,17 15,43 15,99 16,57 16,75

7 14,12 14,33 14,64 14,87 15,17 15,43 15,98 16,62 16,74

O6pasey 3

8 14,13 14,36 14,7 14,92 15,2 15,45 15,99 16,64 16,75

Cp. X106, k-1 10,41 14,13 14,35 14,67 14,91 15,19 15,44 15,99 16,59

CKO x K07, K"1 0,06 0,19 0,21 0,23 0,19 0,15 0,16 0,23 0,35

t/g x 107, K-1 0,03 0,07 0,07 0,08 0,07 0,05 0,06 0,08 0,12

mB X1 7, K-1 0,2 0,50 0,50 0,50 0,50 0,60 0,60 0,60 0,60

uc x 107, K"1 0,20 0,50 0,51 0,51 0,50 0,60 0,60 0,61 0,61

1/p X 107, K-1 0,41 1,01 1,01 1,01 1,01 1,20 121 121 1,23

1.4 OueHka JOCTOBEPHOCTU AaHHbIX no TKAP

OUEHKY [OCTOBEPHOCTU MOMYYEHHbIX AaHHbIX No TK/IP u3 6epunnnsa npoBoAnaIN MHOTOKPaTHbIM NOBTOPEHUEM W3-
MepeHuii TK/IP B BbIGpaHHOM TemnepaTypHOM AuanasoHe ¢ Noc/eAytoLeil COBMECTHON 06paboTKoi namepeHuii 1 cpas-
HEHVEM C 3KCMNEepPUMEHTa/IbHbIMU faHHbIMU A8 3TOro Marepuasna, nosyyeHHbiMn B 2017—2019 .

PacxoxeHus He npeBbilWaT CYMMapHO cTaHAapTHOW HeonpegeneHHoctn BAT B AgaHHOM TemnepaTypHOM WH-
Tepsasie (1,5 m10~7 « K-1).

2 MeTtog 06paboTKM AaHHbIX NO yAENbHON TEN0EMKOCTHY
2.1 MNMopsaok OLEHKN Heonpeae/IeHHOCTN U3MEPEHUI yaebHON TEN/TI0EMKOCTH

3HauveHnsa CKO Sohefl eAMHWYHBIX M3MEPEHWIT TEMOBbLIX 3KBMBAIEHTOB A/18 NMYCTOro aaMabaTnyeckoro Kanopuve-
Tpa u kasopumeTpa ¢ 6epunanemM BbIYUCAAIOT MO JOpMynam:

nw - w,)2 I(W2-w 2)2
>Wien k A2eq r.7n
\'o("1-M V n2-v2
rae w, 3HauyeHMe TenJIoBOro 3KBMBaJieHTa aanabaTuyeckoro kanopumeTpa c 6epunnvem, COOTBeTCTBYHLLee
3HAYEHMI0 NOIMHOMA NpU 3afaHHOW TemMnepaType;
W 2 3HayeHune TENI0BOro 3KBMBaIEHTA MYCTOro agnabaTnyeckoro kanoprMmeTpa, COOTBETCTBYHOLLEE 3HAYEHNIO
nosIMHOMa MNpu 3afaHHo Temneparype;
" yncno M3MEepeHUii TEMIOBOTO 3KBUBASIEHTA aanabaTnyeckoro kasopumeTpa ¢ 6epuinmem;
no YnUCNo M3MEPEHUIA TENOBOrO 3KBMBAJIEHTA NYCTOro agmabaTtuyeckoro KanopMmeTpa;
viz/1t+ 1 cTeneHb nofvHoMa /1 ¢ yyeTOoM CBOGOAHOIO uYjeHa AN8 W3MEepeHWid TenjoBOro 3KBMBasIEHTa
afnabaTnyeckoro kasopumeTpa c bepunnvew;
= +1 cTeneHb P monuHoma € yyeToM CBOGOAHOrO YneHa A5 M3MepeHuii TemnsioBOro 3KBUBAEHTa MycToro

aanabaTMyeckoro KkanopumeTpa.
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A6conioTHoe CKO n3MepeHuit yaensHol TennoeMKocTy onpeaensioT no gopmyne

siten * Fizen
(r-8)

OTHocutenbHoe CKO SSCS’,EI,’ N3MEPEHUI yaenbHOW TENOEMKOCT 6epunnina onpegensoT no gopmynie

4 |J $1eg + SAef 9

>5Cy[ - cya W, -W 2

roe W.* W2 — cpepgHue 3HaueHus TEN/I0BbIX 9KBMBAJIEHTOB A4/18 aanabaTuyeckoro kasiopumeTpa ¢ 6epuaimem m nycro-
ro afmabaTyeckoro KajiopuMeTpa BO BCEM AManas3oHe W3MepeHuii Temneparypbl.

nn B NpoueHTHOM BblpaXeHun: S5C =— — «100% = " A 2en .qqaqo/0
n Cyn w, —1a2
CTaHpapTHasa HeonpeAeneHHocTb no Tuny AWA paBHa [2] oTHocuTenbHOM CKO namepeHuin yaenbHol TennoeMKo-
cbA:ua =S6W.
CyMMapHyto CTaHfapTHY0 HeonpeaeeHHOCTb UC BbIYUCAAIOT N0 hopmyne

uc =Vua +"8, (no)

rae VB — HeonpeaefieHHoCTb pesynbTaTta U3MEpeHWii, oueHnBaemasi no Tuny B, NpueeaeHa B nacrnopTe Ha 3TasIoH.
PaclumpeHHyto HeomnpeaeneHHoCTb ANs YyPoBHS AoBepus 0,95 onpenenstoT no BbipaKeHuto

Up=kuc, (riy)

roe K — npuHUMaloT paBHbIM 2 npu ypoBHe aosepus 95 %.

2.2 Pe3ynbTaTbl OLEHKN HEOMPEAENEHHOCTU N3MEPEHUIA YAETbHO TENNOEMKOCTH

B Ta6nvue B.7 npvBefeHbl M3MepeHHble 3HaYeHUst TENIOBbIX 3KBUBA/IEHTOB NYCTOr0 KanopyMeTpa 1 kanopumeTtpa
¢ 6epunnnem (0603HaAYEHbI MHAEKCOM «3»), MO KOTOPbIM OCYLLECTBAS/IUCH ONPeAeneHnst NOMHOMUHANbHbBIX 3aBUCUMMO-
cTeli TENNOBbIX 3KBUBA/IEHTOB OT TeMnepaTtypbl (0603HaYEHbl MHAEKCOM «TI»).

Ons onpegeneHns NOMMHOMUHASMBbHBIX 3aBUCUMOCTEW MyCTOr0 KasiopuMeTpa W kasiopuMeTpa ¢ 6epuaimem npume-
HSM METOA HaMMEHbLLUUX KBagpaToB. B Tabnvue .2 npeacTaBfeHbl pesynbTaTbl pacyeTta HeonpeneneHHOCTU C y4eToM
MOJlyYEeHHbIX NOMIMHOMOB U 3KCNEPUMEHTASIbHbIX OTK/TOHEHUIA OT HUX NPU COOTBETCTBYIOLMX TeMNepaTypax.

Ta6nuua [.2— PacuyeT HeonpeaeneHHOCT U3MepeHnii yaenbHoi TennoemMkocTu

Temnepatypa, °C Wi1a, Ix/K Win, Ix/K W23, I/K 2N, [w/K w o, -w 192,
3KCNEepPUMEHT NOJIMHOM (Ox/K)2 9KCNEPUMEHT MOSIHOM (Ox/K)2

-13,212 264,463 264,4738 1,08 « 10-4 344,8705 342,400 6,10

-9,654 265,142 265,1651 5,14 «10"4 343,8574 344,217 0,13
—4,325 266,134 266,1919 3,31 «10~3 346,5658 346,858 8,56 m10-2
-2,677 266,435 266,4123 5,25 m10-4 347,4606 347,657 3,84 m10-2
-0,091 266,902 266,9002 3,21 «10-6 348,6979 348,892 3,78 m10-2
6,385 268,043 268,0476 2,19 « 10-5 351,7636 351,899 1,83 «10-2
8,929 268,481 268,4943 1,87 «10-4 352,8132 353,047 5,48 m10-2
16,818 269,803 269,8139 1,28 < 10-4 356,3084 356,498 3,58 m10-2
26,949 271,427 271,4349 6,87 « 10-5 360,5969 360,700 1,06 m10-2
36,960 272,957 272,9649 6,03 «10"5 364,5777 364,623 2,04 mIQ"3
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MpoponxeHne Tabnuubl .2

Tewneparypa, °C Wita, Ax/K W Ln, Ax/K <W,,-W,>2 w23, 1/K v/2n, A /K
3KCnepuMenT nonuHom (Bx/K)2 aKCnepuMenT nonMHoM (Bx/K)2
46,914 274,412 274,4091 7,38 - 10-6 368,1630 368,318 2,40 - 10~2
56,675 275,779 275,7843 3,01 - 10"5 371,9348 371,760 3,07 - 10-2
56,665 275,777 275,7683 8,45 . 10-5 371,9106 371,756 2,38 »10-2
65,054 276,909 276,9016 4,94 . 10~5 374,6372 374,582 3,06 »10~3
74,648 278,156 278,1543 4,17 « 10~6 377,8263 377,675 2,30 m10-2
84,161 279,348 279,3294 3,55 «10-4 380,8982 380,605 8,59 m10-2
94,956 280,650 280,6558 3,22 - 10-5 383,7759 383,779 8,12 - 10"6
104,316 281,738 281,7363 4,24 - 10-6 386,6553 386,409 6,06 =10-2
120,128 283,498 283,4981 1,88 - 10-7 390,7699 390,617 2,33 =10-2
129,739 284,522 284,5185 1,43 -10-5 393,1835 393,042 2,01 - 10-2
139,766 285,558 285,5616 1,27 - 10"5 395,5720 395,472 1,00 - 10-2
149,667 286,549 286,5507 1,64 - 10-6 397,8334 397,779 3,01 =10-3
159,690 287,523 287,5253 3,67 - 10~6 400,2802 400,025 6,52 - 10-2
169,458 288,446 288,4461 1,39 «10-7 402,2480 402,134 1,31 m10-2
184,874 289,852 289,8521 2,87 «10-7 405,2825 405,312 8,47 «10-4
194,926 290,738 290,7359 3,67 «10"6 407,2672 407,292 5,98 « 10-4
210,431 292,062 292,0615 5,69 « 10~7 410,1591 410,215 3,13 mi0 -3
220,753 292,918 292,9182 3,29 « 10-7 411,9175 412,080 2,63 m10-2
237,654 294,277 294,2776 5,63 «10-8 414,9608 415,004 1,86 m10~3
249,982 295,240 295,2340 4,11 - 10-5 416,9960 417,045 2,36 «10~3
265,123 296,394 296,3962 4,12 « 106 419,4004 419,454 2,90 «10-3
279,124 297,436 297,4372 1,76 » 10"6 421,5411 421,597 3,08 m10-3
291,214 298,319 298,3043 2,04 - 10-4 423,3310 423,387 3,10 m10~-3
307,243 299,469 299,4727 1,64 105 425,6300 425,684 2,86 «10-3
315,246 300,036 300,0358 7,97 «10-8 426,7501 426,801 2,57 m10~3
324,541 300,689 300,6894 3,97 «10-7 428,0278 428,076 2,36 m10~3
332,452 301,241 301,2414 7,76 «10-8 429,1003 429,145 1,96 m10-3
341,15 301,845 301,8459 6,91 «10-7 430,2623 430,302 1,61 =10"3
354,142 302,742 302,7421 7,59 «10"8 431,9692 432,003 1,12 «10-3
365,612 303,531 303,5306 8o o 433,4530 433,479 6,50 m10-4
374,128 304,116 304,1167 1,70 « 10-7 434,5411 434,561 4,10 m10-4
382,321 304,679 304,6795 3,82 «10-7 435,5800 435,594 2,01 m10-4
391,124 305,284 305,2837 4,26 «10~8 436,6876 436,696 6,61 mi0 -5
401,652 306,009 306,0106 191 - 106 438,0036 438,004 2,79 «10-7
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MpopomkeHne Tabnuubl L2

Temnepatypa, °C

22

412,521
423,987
431,842
442,112
457,564
465,987
474,354
482,321
490,682
501,231
511,112
524,236
531,946
540,224
549,876
561,227
569,122
583,121
590,172
599,121
-13,001
-5,040
-2,014
-2,015
0,011
50,032
100,087
150,021
199,988
249,011
300,009
349,978
399,982

450,053

W/1a, Ax/K

QKCNepumMeHT

306,761
307,559
308,110
308,835
309,939
310,549
311,162
311,752
312,378
313,179
313,942
314,976
315,595
316,270
317,072
318,034
318,717
319,958
320,598
321,425
264,504
266,003
266,556
266,555
266,920
274,855
281,251
286,584
291,176
295,165
298,952
302,455
305,894

309,400

Wn/in,Ax/K

NnoINHOM

306,7600
307,5602
308,1092
308,8346
309,9397
310,5504
311,1618
311,7514
312,3777
313,1789
313,9418
314,9767
315,5960
316,2700
317,0720
318,0344
318,7171
319,9584
320,5986
321,4258
264,5023
266,0017
266,5548
266,5543
266,9204
274,8548
281,2501
286,5847
291,1750
295,1657
298,9523
302,4555
305,8942

309,4003

)2.

(Ax/K)2

1,23 u10-6
9,57 - 10-7
2,42 « 10-7
go 08
1,87 + 10-7
1,04 « 10-6
2,17 w10-8
5,54 - 10-9
2,27 w10-8
5,87 « 10-9
1,52 - 10-7
1,59 - 10-7
2,36 - 10-7
2,43 m10-7
2,53 m10-7
6,63 +10-8
6,86 + 10-8
1,30 e 10 -7
5,35 m10-7
7,06 « 10-7
3,00 « 10-6
1,66 *10-6
5,25 m10"7
1,18 « 10-6
3,21 +10-8
1,99 m10-8
1,09 - 10-8
1,55 « 10-7
4,73 m10"7
9,57 « 10-8
5,14 « 10-9
1,90 - 10-8
4,28 +10-8
2,04 «10-8

Wi2a, Ax/K

QKCNepuMeHT

439,3546
440,7743
441,7451
443,0149
4449298
4459785
447,0246
448,0263
449,0850
450,4321
451,7078
453,4265
454,4505
455,5633
456,8793
458,4548
459,5697
461,5886
462,6271
463,9672
342,1030
346,2086
347,7099
347,7145
348,8355
369,1057
385,0981
397,8822
408,2955
416,9206
4245169
431,3006
437,7099
444,0247

nr2n, ox/K

NO/IUHOM

439,347
440,759
441,725
442,989
444,896
445,941
446,984
447,984
449,042
450,389
451,666
453,390
454,418
455,537
456,862
458,451
459,577
461,620
462,673
464,034
342,509
346,509
347,975
347,975
348,941
369,436
385,234
397,859
408,263
416,886
424,657
431,461
437,797

443,968

(w,n-

w,)2

(Ax/K)2

5,23
2,23
3,90
6,79
1,16
142
1,62
1,76
1,89
1,88
1,74
1,36
1,05
6,99
3,02
1,50
5,54
o
2,13

4,45

= 10-5
=10-4
ml10-4
=10-4
mio -3
=10-3
=10-3
- 10-3
nl0-3
nl0-3
=10-3
nl0-3
¢ 10-3
ml10-4
m10-4
m10-5
m10-5

&8
ut0-3

m10-3

0,17

9,04
7,05
6,78

111

*10-2
ml10-2
m10-2

m10-2

011

1,85
5,22
1,05
117
1,97
2,58
7,61

3,28

+10-2
ml10"4
ul10-3
ulO0-3
m10-2
+10-2
ml10-3

mlQ"3



OkoHuaHue Tabnuubl L2

n/l1a, Ox/K

3KCNepuMeHT

Temnepartypa, °C

500,001 313,085

550,032 317,085

599,998 321,507
Ln"-1032 —

ni-voj

Snjen?
en
(3KcnepuMeHT)

Wep, Bx/kr
CKO, syA, %
°A. %
uB, %
uc, %

np, %

N/ Ox/K

NOIMUHOM

313,0847
317,0844
321,5072

7,6 - 10"5

293,831

(Ax/K)2

2,34 - 10-8
6,33 - 10"8
7,88 - 10“8

5,82 . 103

W23, /K

dKCNepuMeHT

450,4270
457,0540
463,9409

77

0,3
0,3
0,004
0,3

0,6

2.3 OueHka AOCTOBEPHOCTU AaHHbIX MO YAENbHOW TEN/I0EMKOCTU

OLEeHKy AOCTOBEPHOCTU MOMYYEHHbIX AAHHbLIX MO YAENbHOW TENI0EeMKOCTU 6epuaimMa NpoBOAUAN MHOTOKpaTHbIM
NOBTOPEHMEM U3MepeHUi B BbIGPaHHOM TeMnepaTypHOM guanasoHe ¢ nocrneayloLein coBMecTHol 06paboTkoit 1 cpaBHe-
HMEM MOMMHOMUASIbHOM 3aBUCUMOCTU M 3HAYEHWI NOIMHOMA C AaHHbIMW, NONYyYeHHbIMK B 2017—2019 m.

OTK/IOHEHMA 3HAYEHUIA NOIMHOMA OT paHee NoJlyYeHHbIX He NPeBbIWAT norpewHocTn kanopumetpa KA-C4 B faH-

HOM TEMMepaTypHOM MHTepBase.

FOCT P 8.1034—2024

nr22n, ox/K

NoOINHOM

450,231
456,883
464,169

01

410,389

W n-wW ,,)2,
(Ax/K)2

3,85 =10~2
2,91 =10-2
5,19 =10-2

7,70
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