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MpeanucnoBue

1 PASBPABOTAH ImaBHbIM Hay4HbIM METPOSIOrMYECKUM LIEHTPOM «CTaHAapTHbIe CrpaBOYHbIE AaH-
Hble 0 (PU3UYECKMX KOHCTaHTax U ceoicTBax Bewlects u Matepuanos» (FTHML «CCh»), ®IrYn «BHUMM
um. A.1. Mengeneesa»

2 BHECEH TexHuyeckum komuteTom no ctaHgaptusaummn TK 180 «CtaHaapTHbIe CnpaBOoYvHbI€ AaHHbIe
0 (*)VI3VI‘-|eCKVIX KOHCTaHTax u CBOMCTBaxX BELLECTB U MaTepunanoB»

3 YTBEPXOEH M BBEAEH B JIENCTBWVE Mpukasom deaepanbHOro areHTCTBa N0 TEXHUYECKOMY pe-
rynupoBaHuto 1 Metponoruu ot 22 aekabps 2017 r. Ne 2078-ct

4 BBEJEH BMNEPBBIE

lMpasuna npumeHeHuss HacMosweeo cma+H0apma ycmaHoeneHb! 8 cmamee 26 ®edepanbHo20 3aKoHa
om 29 uwHa 2015 2. Ne 162-03 «O cmanlGapmu3sayuu e Poccutickoli ®edepayuu». NHpopmayus 06 us-
MEHEHUSX K HacmosiuieMy cmaxd0apmy rnybrukyemcs @ exe200HoM (Mo cOCMOSHUK0 Ha 1 sHeaps meKyuweeo
200a) uUHOPMaUUOHHOM yKasamerne «HayuoHabHble cmaH0apmbly, a ochuyuaneHbIll mekem u3meHeHul
U ronpaeok — 8 €XeMeCs]H4HOM UHOpMaUUOHHOM ykazamene «HaluuoHansHble cmaHlapmely. B cnydae
nepecMmompa (3ameHbl) unu OMMeHbl Hacmosuieeo cmarfapma coomeememeayroujee yeedomneHue bydem
onybnukosaHo 6 bruxalilueM ebiryCKe EXEeMEeCAYHO20 UHOPMayUOHHO20 ykazamensa «HauuoHanbHble
cmaHOapmbly. Coomeememeyrowjasl UHgopmayus, yeedoMieHUe U meKembl pasMewames makxe 6 UH-
gopmayuoHHOU cucmeme 0buie20 nob308aHUs — Ha oghuyuanbHoM calime ®edepanbHo20 azeHmemea no
MEXHUYECKOMY pez2yriupoeaHuro u Memposnoauu 8 cemu VIHmepHem (www.gost.ru)

© CraHaaptuHdopm, 2018

Hacroswmin ctTaHaapT He MOXET ObiTb NOMHOCTLIO UMK YaCTUMHO BOCMPOU3BEAEH, TUPAXXMPOBAH U pac-
NPOCTpaHeH B kayecTBe odmumanbHoro usganua 6es paspelueHuss deaepancHOro areHTCTea no TEXHUYECKOo-
MY PErynMpoBaHuio 1 METPONOTMK
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HAUMWOHANBbHBIWN CTAHAOAPT POCCUNCKOWN GEAEPALUMUMN

FocypapcTeeHHas cucteMa oGecnevyeHus eAUHCTBA U3MEePEeHUil

HALMOHANbHbIA CTAHOAPT.
CTAHOAPTHbLIE CNPABOYHbLIE AAHHbIE

Marepuanbl AnA 3TanoHHbIX Mep TeMnepaTypHoro koadduumeHta
nuHenHoro pacwupenus. Npadurt mapku NMN-4. TemneparypHbin k03P DULMEHT
NIMHEWHOro pacwupeHusa B gnanasoHe Temnepartyp ot 20 °C ao 2500 °C

State system for ensuring the uniformity of measurements. National standard.
Standard reference data. Materials for standard LTEC. Graphite GIP-4.
Linear temperature expansion coefficient for the temperature range from 20 °C to 2500 °C

Aara BBeaeHus — 2018—03—01

1 Obnactb NnpUMeHeHus

Hacrosawmin ctaHgapT pacnpoCTpaHAETCs Ha CTaHAapTHbIE cnpaBoYHble AaHHble (CCL) o Temnepatyp-
HbIX KO3dhduumeHTax nuHenHoro pacwmperus (TKIP) rpaduta mapku MAM-4 B ananasoHe temneparyp ot
20 °C pgo 2500 °C.

2 HopmaTtuBHbIe CChISIKU

B HacToswem craHgapTe Mcnonb3oBaHa HOpMaTMBHAA CCbINKa Ha CneayloLmi cTaHaapT:
OCT P 54500.3/PykoBoactBo MCO/MOBK 98-3:2008 HeonpeaeneHHOCTb uamepenms. Yacrtb 3. Pyko-
BOACTBO MO BbIPAXEHWUIO HEONPEAENEHHOCTU U3MEPEHUS

MpumeyvaHue —Npu NONLIOBAHUM HACTOSALLMM CTaHLapPTOM LienecoobpasHo NpoBepuTb AENCTBUE CChINOYHBIX
CTaHAapToB B MH(OPMaLMOHHO cucTeMe 06LLero nonb3oBaHUsA — Ha ocuLUMansHOM caifTe PefieparibHOro areHTCTBa Mo
TEXHUYECKOMY PerynmpoBaHWio U METPOMOTUI B CETU VIHTEPHET UMKU MO eXerogHoMy MHOpMaLMOHHOMY yka3saTento «Ha-
LMoHanbHble CTaHAapTbI», KOTOPLINA OMyGNUKOBaH Mo COCTOSIHUIO Ha 1 AHBapsl TeKyLLEero roaa, v no BbiMyckam eXxemecsiy-
HOro MHPOPMaLIMOHHOIO ykalaTens «HalunoHarbHble CTaHAapThI» 3a TEKYLLWA rod. ECnn 3aMeHeH CebiNoYHbIi cTaHAapT,
Ha KOTOpbIf AaHa HefaTupoBaHHas CCbiNka, TO PEKOMEHAYETCA UCMOoNb30BaTh AENCTBYHOLLYIO BEPCUIO STOTO CTaHAapTa
C Y4YETOM BCEX BHECEHHLIX B JaHHYIO BEPCUIO U3MEHEHMIA. ECnu 3aMeHeH CChINOYHbI CTaHAapT, Ha KOTOpLIA AaHa AaTu-
poBaHHas Cchbiflka, TO PeKOMeHAYETCA UCTMONb30BaTL BEPCUID 3TOMO CTaHAapTa ¢ yKadaHHBIM BhILLe FoAoM YTBEPXAEHNS
(NpuHATKS). ECnu nocne yTBepXAEHUA HACTOSLLEro CTaHAapTa B CChINOYHbIA CTaHAapT, Ha KOTopLIi aHa AaTupoBaHHas
CCbINKa, BHECEHO U3MEHEHWe, 3aTparmBaloLLee NoOXEHNE, Ha KOTOPOE jaHa CChifKa, TO 3TO NOMOXEeHUe PpeKoMeHayeTCs
NPUMeHsTL 6e3 y4eTa aHHOro U3MeHEHUs. ECIM CChINOYHbIA cTaHAapT oTMeHeH 6e3 3aMeHbl, TO MOMNOXEHWE, B KOTOPOM
JaHa ccblfika Ha Hero, PEeKOMeHAYEeTCSA NPUMEHSTb B YacTy, He 3aTparuBatoLLeil 3Ty CCbINKY.

3 O6wune nonoxeHus

3.1 OcHoBoW ang coctaeneHua Tadbnuy, CCH aBunuch AaHHble, NpMBEAEHHbIE B Tabnuuax A.1—A.10
npunoxexus A.

JaHHble, npuBeAeHHbIe B 9TUX Tabnuuax, paccyuTaHbl MO ypaBHEHUAM, OTOOpaXKaloLWUM 3aBUCUMOCTb
TKIP oT Temnepartypsl.

3.1.1 Tennoeoe (NMHERHOE) pacLuMpeHue — 310 Aedopmanms, BbI3aBaHHAsA USMEHEHUEM TEMMEPATYPHI.

W3paHue ocpuumanbHoe
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3.1.2 OTHOCUTENbLHOE yanuHeHue (gedopmaunio) AL BbIMUCIAIOT NO hopmyne
AL(TrTo) / LT0 = (LTi —LT0 )/LTD’ (1)

; — KOHe4YHas Temneparypa uHTepsana,
T, — HekoTopas dukcuposaHHas Temneparypa, pasHas 20 °C 4ns paccMaTpuMBaeMblX AaHHbIX;
AL(T,_T y — YANWHEHWEe B MHTEepBane Temneparyphb T.-T,

I o]

— AnvHa obpasua (reomeTpudeckuii pasmep B HanpasneHun ocu o6pasua) npu Temneparype T ;

roe T

L
L:; — AnuHa obpasua npu Temneparype T;.
3.1.3 OudbdepeHuymnanbHbii (M nctuHHbin) TKITP o BbIMMCASIOT NO hopmMmyne
o=/Ly)-(dLy 1dT)p, %))
rae Ly — anuna obpasua npu temneparype T;

P — pasneHue.
3.1.4 CpeaHuin TKIP o B uHTepBane Temneparypsl T; — T, (MHTErpanbHblif) BbIMUCHAIOT NO chopmyne

1T,y = (1/LTO)-AL(Ti_TO) (T, =T,). 3)
3.1.5 CpegaHuii TKIIP o B uHTepBane temneparypsbl T;...T;,4 BbMUCHAIOT N0 chopmyne
1.7 = W) Al [ Tiaa =T )
roe AL(T_ T, — YATMHEHME B UHTEpBANe TemnepaTypol T gy
TR E 3

LT; — AnuvHa obpasua npu Temneparype T,.

B Tabnuue 1 npuBeaeHsbl CTaHAapPTHbIE CNPABOYHbIE 3HAYEHUSA OTHOCUTENBHOTO yanuHeHusa AL/L n TKITP
Ogp ANA rpacomta mapku MNAr-4.

Tabnuya 1 — CTaHaapTHbIE CNPaBOYHbIE 3HAYEHUS OTHOCUTENBLHOMO yaANUHeHust AL/L n cpeaHero TKITP Otep ANA TPA-
dpuTa Mapkn M'MIMN-4 B auanasoHe Temnepatyp ot 20 °C go 2500 °C

TeM';IfEaTypa ALIL - 108 Ugp - 108, K1 TeM';fEaTypa ALIL - 108 Ugp - 105, K1
100 2772 3,47 1400 8380,9 6,07
200 7393 411 1500 9091,0 6,14
300 12846 4,59 1600 9811,9 6,21
400 18716 4,93 1700 10 543,6 6,28
500 2474,0 515 1800 11286,0 6,34
600 3087,3 5,32 1900 12 039,2 6,40
700 3711,3 5,46 2000 12 803,2 6,47
800 4346,1 557 2100 13577,9 6,53
900 49917 567 2200 14 363,4 6,59
1000 5648,0 5,76 2300 15 159,6 6,65
1100 6315,1 5,85 2400 15 966,6 6,71
1200 6992,9 5,93 2500 16 784,4 6,77
1300 76815 6,00 — — —

3.1.6 PacluMpeHHas HeonpeaeneHHoCTb pesynsTatoB cocraenseT 1 - 10~7 K-1 ana ananasona temne-
patyp ot 20 °C go 2500 °C.

PaclumpeHHas HeonpeaeneHHOCTb NonydYeHa NyTemM YMHOXEHUS CTaHAapTHOW HeOonpeaeneHHoCTU Ha
KO3(pMLMEHT OxBaTa k = 2, COOTBETCTBYIOLLMI YPOBHIO AOBEPUS, NPpUONUM3NTENbLHO paBHOMY 95 % npu fo-
nyLweHun HopMarnbHOro pacnpeaeneHus. OueHuBaHWe HeonpeaeneHHOCTU NPOBEAEHO B COOTBETCTBUU C
FOCT P 54500.3.

2
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lMpunoxexnune A
(cnpaBouHoe)

XapakrepucTuku rpajpura

A1 B OINYM «BHUAM um. .. MeHaeneesa» npoBefeHbl UcCneaoBaHus rpaduTa mapku MIMN-4 nsoctatuyecko-

ro npeccosaHusi, MMetoLLero B ceoeM coctase 3ony 0,05 % u ymepoa. XapakrepucTuku rpacuta M'MIM-4 npuseaeHsl B
Tabrnuvue A.1.

Tabnuya A1 — Xapaktepuctuku rpacouta MnN-4

MapameTtp EavHuua nsmepenua 3HaveHue

1 O6beMHasi NNoTHOCTb rfcm3 1,80
2 MpoyHoCcTb Ha narmb MMa 50

3 [poYHOCTL Ha pacTaxeHue MMa 33

4 TpoYHOCTb Ha cxaTue MMa 114
5 YgensHoe anekTpoconpoTUBeHne MKOM - cM 1300
6 Pasmep 3epHa, MakcUMarbHbI MM 0,05
7 30nbHOCTL macc. % 0,05
8 TeepgocTb no Lopy — 60

9 TennonpoBoAHOCTb BT/(MK) 105

A.2 3KkcnepuMeHTanbHas annapatypa

A.2.1 NamepeHus ygnuHeHus obpasLio u3 rpadguta mapku M'M1MN-4 B guanasoHe Temneparyp ot 20 °C go 1500 °C
npoBefeHbl Ha BEICOKOTEMMepaTypHOM gunatomeTpe (BOT), BXo4sLEM B COCTaB rocyaapCTBEHHONO BTOPUYHOIO 3TanoHa
egnHuuel TKITP (pernctpaunorHslid HoMmep 3.1.2Z2B.0055.2014). [JlonyckaeMble 3Ha4eHUsA JoBepUTENbHBLIX rpaHnl abco-
JIIOTHOI norpewwHocty BAOT (ycpeaHeHHoW B MHTepBane Temnepatypsl 100 K npy npoBefeHUN TPEX HE3aBUCUMBIX U3Me-
peHuiA) npu goBepuTtenbHoi BeposaTHocTn P = 0,95 coctasnstoT ot 1,00 - 107 5o 7,00 - 10~ B 3aBUCUMOCTM OT 3HAYEHMNIA
Temneparypsl.

NamepeHnsa npoBegeHbl nNpu ckopocTh Harpesa 1 °C/MWH 1 BbigepXKe NpU Kax[ol cTaluuoHapHoi TemnepaTtype,
3Ha4eHna KOTOpol NpuBeaeHsl B Tabnuuax A.2—A.10, He MeHee 2 v,

Ha pucyHke A.1 npeacTaeneHa npuHUMnuansHasa cxeMa atanoHHoro BAT.

|
OnTu4yeckoe yCTPOMCTBO < :_: >
yerp > Bnok conpshkeHus I
WHpukaTopbl
Lepxartenb ¢ Tonkarensmm —* j t
/
yd Mnara
- Bnok namepeHus COMpAXEHNA
- 1 perynvposaHusi
[
Y
Komnbiotep

- [a30BbIi kpaH
Meub-TepmocTar

BakyymHas _ BakyymHbIi f
cucrema Hacoc la3osblit 6annoH

PueyHok A.1 — ®DyHKUMOHanbHasa 6nok-cxema BOT
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B HmxHeli yacTu kopnyca BAT pacnonoxeHa cuctema M3MEPEHUSI U PerynnpoBaHust TemnepaTypbl. Hag Hell pas-
MeLlleHbl NeYyb-TepMOCTaT U BEHTUNMATOPbI OX/TaXKAEHUA. TemnepaTypHaﬂ neyb BbIMNOJ/IHEHA C NPUMEHEHNEM HarpeBaTeneVl
u3 gucnnuumga monméaeHa MoSi2, paBHOMEPHO PacnofIoXeHHbIX BOKPYr BHYTPEHHeW TpyObl. BHeLIHAA Tenion3onaums
MUMeeT Maulylo TensionpoBOAHOCTL, MO3BOJIAET 06X0ANTLCA 6e3 TPaMLMOHHOIO BOAAHOIO OX/1&XAEHMSA U UCMOMb30BaTb
ONS OXNaXAeHNA TOIbKO BEHTUNATOPBI. BHYTPEHHARA Tpyba 13 KepaMuku, B KOTOPYIO NMOMELLAOT Aepxartenb ¢ obpasuamm
1 TONKaTensamu, repMeTUyHO 3akpbiTa CHM3Y, a CBepXy YNn/IoTHeHa Mo AepxaTesno, YTO No3BOMIAEeT NPOBOAUTL M3MEPEHNA
B Bakyyme Wnu atMocdepe MHEPTHOro rasa.

Meyb cHabXeHa ABYMS MUKPOMPOLECCOPHLIMU perynsatropamu-m3MepuTensMn TemnepaTypbl, UMELWMMA CBSA3b C
KOoMMbOTEpOM. OAWH W3 HUX 3aeliCTBOBaH B KaHasie ynpas/fieHUs CUCTEMbl PerynmpoBaHus Temneparypbl neun. fatum-
KOM CUCTEMbI perynMpoBaHus SBASeTCA TepMonapa, pacnosiokeHHas B HeMocpeACTBEHHON 6/IM30CTM OT HarpeBaTens, YTo
NO3BOMISIET COKPATUTb MOCTOSAHHbIE BPEMEHU PerynnpoBaHus. VICNoNHUTENbHbIM YCTPONCTBOM CTAHOBUTCSH TUPUCTOPHBIN
ycunutesb, NocpeacTBOM KOTOPOro MPou3BOAAT PEryMpoBKY MOLLHOCTU Harpesaresns neyun. MporpaMmsl perysiMposaHuns
Temneparypbl MO3BOAAIOT NPOBOAUTL U3MEPEHNS Kak B AMHAMUYECKOM pexvMe, Tak U B CTauMOHapHOM TemnepaTypHOM
pexumMe c BblAEPXKOW 0bpasua npu 3agaHHON Temnepartype.

A.2.2 WN3mepeHue Temnepatypbl 06pasua npousBoaaT NNaTMHOPOAMA-NIaTUHOBON TepmMonapoi Thna S ¢ BO3MOX-
HOCTbIO ee 3aMeHbl Ha Xpomesb-asitomeneByto Tepmonapy Tuna K (nnm niobyo apyryto). Oco6eHHOCTbLIO Nneun ABnseTcs ee
Manast MHEPLUMOHHOCTb, YTO NO3BO/ISIET COKPaTUTb BPEMS BbiAEPXKM 06pasua npu 3afaHHONn cTaTuyveckow Temneparype.
[na npoBeAeHVs M3MepPeHWii B BakyyMe K neuy NoAkIloyeHa cucTema BakyyMHOM OTKauku, COCTOsLas M3 Hacoca, Baky-
YMHOrO KpaHa 1 BakyymmMmeTpa. ViMeeTcs Takke BO3MOXHOCTb NPOBEAEHUSA M3MepeHuii B aTmocdhepe MHepTHOro rasa, Ans
Yero MCMnosib30BaH repMeTUYHBbINA KpaH, COeAMHEHHBI C ra3oBbIM 6asi/IoHOM.

Oepxatens o6pasLoB BbIMOMNHEH B BMAE KOPYHAOBOW TPYy6bl, B HWXHEW 4YacTU KOTOPO yCTaHOB/EHbl 06pasLibl.
BHyTpu aepxarens pasmelleHa Tenjou3onmpyrowas BTy/ka ¢ TpeMsa KaHasiamu. B ofgHOM kaHane pasmelleHa apMupo-
BaHHas B ABYKaHasIbHYI0 KepaMuyeckyto Tpybouky Tepmonapa Ans n3mMepeHus Temneparypbl 06pasuoB. UyBCTBUTENbHbIN
3/1IEMEHT TepMonapbl PacrnosiokeH Ha YpOBHE cepefvHbl 06pasuos. B AByX ApYrMx KaHasiax cBO60AHO, 6e3 TpeHus, nepe-
OBUraloTCa KOPYHAOBbIE LMANHAPUYECKME TONKATENN.

B/I0OK MHAMKATOPOB PAaCMofIOKEH Ha MacTUHE OCHOBAHUS WHAMKATOPOB. B 6/10ke pa3melleHbl ABa OAMHAKOBbIX
WHAYKTUBHBIX LMPPOBBIX AaTuMKa nepemeLleHnst upmMbl «AHTep». [aTuMku UMET BCTPOEHHbI uHTepdelic ans ces3u
C KOMMNbIOTEPOM. M3mepuTenbHasi rofioBka KaxAoro Aatyvka ynupaeTcsi B COOTBETCTBYHOLMIA ToMKaTenb, PeErucTpupys
nepemMeLlleHne, BbI3BaHHOE M3MEHEHMEM pa3MepoB Mccneayembix 06pasLoB Npy U3MEHEHUN UX TemnepaTypbl. BAOK WH-
OVKaTOPOB M300paXXeH Ha pucyHke A.2.

PucyHok A.2 — KOHCTpyKuma 610ka MHAMKATOPOB
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Pesynsrathl namepeHnuii cpeagHero TKIP obpasuos 13 rpacuta Ha gaHHom BAT npusegeHbl B Tabnuuax A.2—A 4.

A.2.2.1 B guanasoHe Temnepatyp ot 1000 °C go 2500 °C nsmepeHnusa obpasuos u3 rpacgpura mapku M'IM-4 npose-
AeHbl Ha BT BbicokoTeMnepaTypHOM onTudeckoM aunatometpe (JOB-1), BXxogAwWEM B COCTaB rocyfapcTBEHHOro nep-
BUYHoOro atanoHa 3T 24-2014 [1], [2]. CpeaHekBaapaTuyeckoe (CKO) pesynirata usmepeHuii S B CTorpagycHoM UHTep-
Bane TemMnepatypbl PN 4ECATH He3aBUCUMBIX U3MepeHusX cocTasnaeT ot 0,05 - 108 go 5 - 1078 K-! B 3aBUcuMocTM OT
3Ha4YeHU TemnepaTypbl. amepeHns NpoBOAUIMCE NMpU ckopocTu Harpesa 50 °C/MUH 1 BbiAepXKe Ha CTaTUYeCKOW TOUKe
He MeHee 15 MUH.

[OB-1 cocTouUT U3 BBICOKOTEMNEPATYPHON MEYN HarpeBa, ANEKTPOHHO-ONTUHECKOrO YCTPONCTBa, CTOWKN ynpaene-
HUA 1 cunosoro TpaHcopmaTopa (CM. pUCYHOK A.3).

»| Cunosoi1 TpaHcgopmarop
\ i
Cucrema
perynupoBku »1 BbicokoTemnepaTypHas nevb | BoasHoe oxnaxaeHue
TeMneparypsbl
A
! y |
o IANEeKTPOHHO-ONTUYECKOe _
Crolika ynpasneHus YCTPOWCTBO > nK
A

PucyHok A.3 — CTpykTypHasa cxema ontudeckoro JOB-1

N3MepeHns TemnepaTypbl W YANUHEHUs1 uccnegyemoro obpasuya Npou3BOAAT NPU MOMOLLM SNEKTPOHHO-ONTUYe-
CKOro yCTPOICTBa, COCTOSALLEro U3 nupomerpa IS12 U anekTpoOHHO-ONTUYECKON U3MEPUTENBbHON cUCTeMbI. N3mepaemblin
obpasel| noMeLLatoT B BeICOKOTeMMepaTypHyto neds [JOB-1, a namMeHeHue ero AnuHbl (yarMHEHWe) oLeHWBatoT Mo U30-
BpaxeHnAM KpaeB WK cneumansHO cPOpMUPOBaHHBIX MapkepoB Ha obpasue. B kadyecTBe nofobHOro Mapkepa MoxeT
CMYXUTb OQHO OTBEPCTUE WUNU HECKONBLKO OTBEPCTUA. CUcTeMa No3BONSIET M3MepsTk obpa3subl gnvHoi 40 unn 80 MM —
no KpasM, a Takxe obpasLpl 6onbLuei ANUHEI — No MapkepaM Mpy yCrnoBUK, YTO MapKephbl pacnonoXeHbl Ha pacCcToOAHUN
40 unmn 80 Mm.

OneKTpoHHO-ONTUYeCKass U3MepUTenbHas cucTeMa COCTOUT U3 [BYX MapannenbHO HanpaefeHHbIX ONTUYecKUX
KaHanoB HabnioAeHus, Kaxabli U3 KOTOPbIX CHabXeH 06beKTUBOM W YCTPOWCTBOM CHWTLIBaHUS M3obpaxeHus. PaccTo-
AHWE MexXAy ONTUYeCKUMW KaHanamu (6a3a) perynupyroT ¢ NOMOLLbIO CleuWanbHOro MexaHusma Ha AnuHy obpasua
ot 40 go 80 Mm.

Kadxgblii onTMYeckunin kaHan no3sonseT NpoBogUTL HabnogeHNs 3a KpaeM M3aMepsiemMoro obpasia unu cneymanbHoO
chopMNpPOBaHHBLIM Ha obpa3Lie MapkepoM. KroYeBbIM SNEMEHTOM CUCTEMbI SBMSETCH YCTPOMUCTBO CUMTHIBaHUSA U306pa-
XKEHUS, KOTOpPOE MOCTPOEHO Ha Gase 5-meranuKcensHoro mMarpudHoro otonpuemHmka tuna KMOIM MT9P031. C noMo-
LLbIO A@HHOrO yCTpocTBa (hOPMUPYETCS CUrHan n3obpaxeHns ¢ 4OCTaTO4HO BEICOKUM MPOCTPAHCTBEHHLIM U BPEMEHHBIM
paspelueHvem. [na nepegaqv AaHHbIX U ynpasreHusa npuMmeHeH nHtepdeiic USB3.0, nossonstowuii obpabatbiBaTh AaH-
Hble Ha ntboM KoMnbloTepe, o6opyaoBaHHOM cBo6oAHbEIM USB-nopToM.

YnpaBneHvue pexumoM paboThl Kax[oro onTMYeCcKoro KaHana OCyLUeCTBAT B pearnbHOM BPEMEHWU MpW NOMOLLU
cneuuanuanpoBaHHoro nporpaMmHoro obecriedenus (MO). Kpome Toro, MO BU3yanusupyet, peructpupyet n obpabaTsl-
BaeT MOTOK JaHHbIX. PerncTpauus gaHHelx Heobxoauma Ansa ux nocnegytollein 06paboTku BbIMUCINTENBHO-TPYA0EMKN-
MU anroputmamMu. CurHan n3obpaxeHunit perucTpUpyeTcss CUHXPOHHO € PEXUMOM paboThl U 3HAYEHUAMU peryrmpoBoK
yCTpoiicTB BBOAA M30BpaxeHuii, obecneynBas Takum obpa3om Hambonee nomnHoe npepacTaBlieHne O 3aperncTpupoBaH-
HOM cUrHane. 3To oTnuyaeT paspaboTaHHoe 1O oT MHOXeCTBa pacnpocTpaHeHHLIX NporpaMm perucTpaunun BugeofaH-
HbIX, KOTOPLIE PErMCTPUPYIOT NULLL OTCHYETHI @Hanoro-uudposoro npeobpasosatens (ALM), He NpuBA3LIBaS UX K PEXUMY
paboTbl yCTpOUCTBA.

Mpoueaypy M3MepeHust YANMHEHNS BbIMOMHAIOT AN KaXA0W TOUKM U3MEPEHWIA nocne cTabunnsayum Temneparypel
obpasua.

A.3 3KcnepuMeHTanbHble AaHHble

Pesynbrathl usmepeHnuit cpegHero TKITP o6pasLos n3 rpaduta Mapkv 'UIM-4 Ha BAT, peanusytoLiem abconioTHoe
usmepeHue TKITP B cooTBETCTBUWN C METOAWUKON, paspaboTaHHOW ANS AaHHOro MaTepuana B CTaTU4eckoM pexumMe, npu-
BefeHbl B Tabnuuax A.2—A.4.
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Tabnuya A2 — Pesynesrartsl uamepeHuit cpegHero TKITP obpasya 7 us rpacdwuta mapku M'1IM-4

1-e onpeaeneHue 2-e onpeaeneHune 3-e onpegeneHune 4-e onpepaeneHne 5-e onpegeneHue
t.,=19,8°C t.0y=19,1°C tay = 19,1 °C t0y=21,2°C t.y =208°C

tom °C O‘ODKJOG' e °C O‘cpK'jOG' tom °C %pK'j T I “cpK’j LAl P “opK‘j 0°,

97,6 3,78 99,4 3,74 100,7 3,76 97,6 3,72 99,5 3,81
201,7 4,23 199,8 4,29 199,4 4,34 201,8 4,33 201,8 4,34
297,8 4,62 300,6 4,67 298,6 4,71 298,7 4,68 297,5 4,68
400,6 4,96 398,7 4,95 398,4 5,01 401,4 4,99 399,6 5,02
497,6 5,24 501,8 5,19 498,6 5,29 497,7 5,28 498,5 5,26
598,4 5,33 597,5 5,39 601,5 5,41 599,7 5,41 597,6 5,37
700,5 5,47 701,4 5,52 698,6 5,63 699,4 5,51 698,4 5,54
797,5 5,69 799,4 5,61 801,4 5,68 797,7 5,62 800,5 5,63
898,8 5,68 900,7 5,66 901,6 5,71 898,6 5,72 900,6 5,68
1000,5 5,74 1000,8 5,79 999,5 5,81 1001,8 5,76 998,5 5,78

Tabnuya A3 — PesynbsraTtel nsmepeHuii cpegHero TKITP obpasua 8 us rpacgputa mapkm M'IM-4

1-e onpejeneHue

2-e onpejaeneHune

3-e onpegenexHve

4-e onpepeneHve

5-e onpeaeneHuve

ty=208°C 0 =19,6°C t =199 °C 0= 20,4°C t = 20,6 °C

o °C O‘cpK'_l Bl g ec “cpK'jOG' o °C “cpK'_l S e “cpK'_l Ll “cpK'_l 0°,
97,4 3,89 100,8 3,85 101,4 3,92 97,7 3,89 100,5 3,92
1997 439 1975 439 2018 43 2004 432 1986 432
2998 4,79 301,5 474 2996 4,7 298,8 4,76 299,8 4,69
401,4 5,04 397,7 5,02 399,7 5,04 397,5 5,03 401,5 5,11
500,6 5,25 500,8 5,3 4996 5,31 501,4 5,34 500,8 5,34
598,7 5,49 599,8 5,52 598,5 5,44 597,8 5,52 601,8 5,46
699,8 5,64 699,7 5,54 698,7 5,65 697,6 5,57 701,8 5,63
800,8 5,7 797.7 5,67 7976 5,64 798,6 5,74 800,5 5,69
900,8 5,74 898,8 58 9018 5,75 9018 5,8 8978 5,78
998,5 591 999,5 58 999,7 5,85 998,5 5,81 999 4 5,87
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Tabnunya A4 — Pesynsratel namepeHuii cpegHero TKIP o6pasya 9 ns rpadgpmta mapku FIM-4

1-e onpeaeneHne 2-e onpefdeneHue 3-e onpedeneHue 4-e onpegeneHue 5-e onpegeneHve
t0y=218°C 0y =20,6°C tay=21,1°C tay =216 °C t0y=21,6°C

o °C %DKJ 08, (o oC occpKJ 08, (o oC occpKJ 08, (e occpKJ 08, (oC OCCDKJ 08,
97,8 3,95 101,6 3,93 99,4 3,94 100,6 3,87 99,7 3,84
199,8 4,34 198,5 4,39 200,7 4,35 201,6 4.4 197,6 4,31
297,4 4,72 301,7 4,68 298,7 4,74 299,8 4,71 298,4 4,69
401,5 511 401,8 5,06 400,6 5,01 400,4 5,06 398,7 51
501,5 5,24 501,8 5,25 497,7 5,28 499,7 5,25 500,6 5,35
600,4 5,48 599 4 5,49 600,7 5,47 601,6 5,49 599,5 5,41
699,5 5,65 698,5 5,67 700,4 56 699,7 5,69 701,7 5,68
7978 573 798,8 5,71 798,5 5,71 797,7 5,67 800,5 5,74
898,4 5,8 899,5 5,75 901,4 5,82 898,7 5,84 900,8 5,76
998,8 5,86 1000,8 5,82 998,5 5,84 1001,6 5,91 997,8 5,92

PeaynkraTel nsmepeHnuin cpegHero TKITP obpasuos u3 rpagwuta mapkm MMMN-4 Ha JOB-1 npuBeaeHsl B Tabnu-

uax A.5—A.10.

Tabnunya A5 — Pesynsratel nsmepeHuii cpegHero TKIP o6pasya 1 n3 rpadgpmTa mapku FIM-4

1-e onpeAereHne 2-e onpepjereHve 3-e onpejeneHve 4-e onpedeneHue 5-e onpeperneHve
tiay =22°C t0y =21,6°C t0y=21,8°C t0y =223°C t0 =225°C
b °C 0‘cpK'j ot cc 0‘cpK'j R P 0‘cpK'j R P 0‘cpK'j R P %pK'j o°,
787 5,68 786 5,66 788 56 786 5,49 786 5,67
986 5,88 986 5,9 985 5,88 986 5,86 983 5,93
1167 6,05 1170 6,08 1167 6,08 1169 6,11 1171 6,08
1377 6,09 1380 6,1 1377 6,12 1380 6,1 1377 6,06
1575 6,22 1573 6,2 1576 6,16 1575 6,22 1576 6,27
1766 6,30 1766 6,34 1768 6,37 1767 6,36 1770 6,36
1960 6,53 1963 6,45 1961 6,46 1962 6,53 1961 6,48
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Tabnuya A6 — Pesyneratsl uamepeHuit cpegHero TKITP obpasya 2 us rpacdwuta mapku M'1IM-4

1-e onpeaeneHve

2-e onpejaeneHune

3-e onpegeneHune

4-e onpeaeneHune

5-e onpeaeneHue

tioy =22,1°C tioy =21,8°C tioy=215°C tioy=223°C tioy =22 °C

t o °C occij 08, b, °C %pk—1 08, b, oC OCCPK.J] 08, b, oC ocCpKJ 08, b, oC %pk—l 08,
789 5,52 785 5,53 788 5,53 789 5,52 787 5,49
984 5,66 986 5,67 983 575 983 571 987 5,69
1181 5,84 1181 5,82 1179 591 1179 5,90 1181 5,87
1376 594 1380 5,91 1377 5,98 1378 591 1378 6,00
1574 6,06 1575 5,97 1573 5,99 1575 5,98 1576 6,02
1766 6,20 1767 6,15 1765 6,20 1769 6,13 1768 6,14
1960 6,29 1961 6,27 1960 6,34 1963 6,27 1964 6,28
2156 6,48 2154 6,43 2155 6,4 2156 6,38 2157 6,37
2344 6,63 2346 6,66 2344 6,56 2343 6,58 2345 6,60
2493 6,78 2494 6,82 2497 6,86 2497 6,72 2494 6,71

Tabnuya A7 — Pesyneratsl uamepeHuit cpegHero TKITP obpasua 3 us rpacduta mapku M'1IM-4

1-e onpegernexue

2-e onpejaeneHue

3-e onpeaeneHue

4-e onpegeneHue

5-e onpegeneHue

£y =22°C £ =21,4°C . =21,6°C £ =22°C t=218°C

o °C “cpK'j 0°, o °C O‘cpK‘j 0°, tom °C 0‘cpK'j 0, to °C anK.joG, t o °C O‘cnoK'f1 0°,
788 5,45 785 5,51 789 5,54 786 5,55 787 5,55
986 5,65 a87 573 986 573 983 5,76 986 572
1182 5,82 1184 5,83 1180 5,87 1183 5,91 1181 5,82
1379 5,99 1377 5,95 1376 5,94 1378 5,89 1377 5,92
1574 5,97 1575 6,07 1576 6,09 1576 6,09 1575 5,99
1773 6,23 1770 6,26 1772 6,17 1774 6,25 1770 6,21
1967 6,42 1966 6,34 1967 6,36 1969 6,42 1968 6,3
2159 6,44 2163 6,5 2163 6,47 2162 6,43 2163 6,47
2355 6,72 2357 6,62 2355 6,66 2353 6,67 2354 6,62
2497 6,89 2502 6,74 2499 6,68 2499 6,73 2493 6,79
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Tabnuya A.8 — Pesyneratel uamepeHuit cpegHero TKITP obpasya 4 n3 rpaduta mapku M'M-4

1-e onpejerieHve 2-e onpejeneHue 3-e onpeaeneHue 4-e onpeaeneHune 5-e onpepeneHune
ty=22°C toy =21,4°C ty=21,6°C tay =22°C toy =218°C
o °C O‘cpK'jos' e °C OccpK‘f1 S I anK.joG, b °C “cpK‘j S s OCcpK'_11 0°,
787 5,65 788 5,48 787 5,63 787 5,46 785 5,65
987 573 987 5,73 985 5,76 986 5,64 987 5,65
1180 5,92 1182 5,87 1181 5,81 1181 5,81 1182 5,9
1377 5,89 1379 5,94 1378 5,88 1376 5,93 1377 5,96
1575 6,09 1578 5,97 1574 6,03 1577 6,07 1574 6,07
1774 6,17 1771 6,26 1771 6,25 1771 6,23 1773 6,23
1967 6,38 1968 6,38 1969 6,35 1967 6,36 1969 6,37
2161 6,46 21569 6,51 2163 6,45 2162 6,45 2160 6,52
2355 6,67 2354 6,7 2356 6,68 2356 6,66 2355 6,62
2497 6,72 2494 6,71 2493 6,76 2497 6,8 2494 6,72

Tabnuya A9 — Pesyneratel uamepeHuit cpegHero TKITP obpasua 5 ns rpacdurta mapkm M'M-4

1-e onpejeneHue 2-e onpefgenexHve 3-e onpepenexue 4-e onpejaeneHue 5-e onpegeneHve
ty =22°C toy =21,4°C tay = 21,6 °C tiay =22°C toy =218°C
tom °C “CDKJOG’ teow °C O‘CPKJ 0°, teow °C “CDKJOG’ tow °C OccpK‘j 0%, ton °C O‘cpK'j1 0°,
785 5,51 786 5,42 789 5,53 787 5,43 787 5,47
987 571 986 5,67 985 5,74 983 57 985 5,67
1182 5,87 1183 5,81 1181 5,83 1184 5,88 1180 5,82
1382 6,02 1382 5,95 1381 6,01 1379 5,96 1379 5,93
1577 6,02 1578 6,04 1580 6,01 1580 6,03 1578 6,09
1772 6,25 1775 6,14 1775 6,14 1772 6,24 1773 6,16
1968 6,34 1964 6,37 1965 6,38 1967 6,34 1966 6,44
2161 6,52 2159 6,53 2159 6,43 2158 6,44 2162 6,49
2494 6,72 2497 6,73 2492 6,71 2493 6,76 2497 6,8
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Ta6nuya A.10 — Pesyneratel uaMepeHuii cpegHero TKITP obpasua 6 us rpacuta mapku M'r-4

1-e onpeaeneHue 2-e onpejaernexHue 3-e onpeaenexne 4-e onpeaenexue 5-e onpegenexune
tay = 22,1 °C tay = 22,4°C tay = 22,4 °C tay =21,8°C tyay=218°C

A B o B B e N il A R
786 5,48 785 5,59 788 5,50 789 5,47 786 5,64
986 5,73 983 571 983 5,76 987 5,71 985 5,78
1181 5,92 1182 5,90 1183 5,83 1180 5,90 1181 5,80
1379 6,02 1377 5,95 1381 5,94 1378 6,00 1378 5,95
1675 5,98 1679 6,04 1675 6,02 1579 6,01 1579 6,02
1775 6,15 1775 6,15 1776 6,15 1773 6,1 1774 6,19
1969 6,43 1969 6,44 1967 6,36 1967 6,34 1971 6,32
2163 6,60 2161 6,58 2162 6,53 2164 6,57 2161 6,55
2354 6,61 2355 6,63 2355 6,62 2357 6,57 2353 6,61
2497 6,72 2494 6,71 2494 6,72 2497 6,8 2493 6,76

A.4 Metoa o6paboTku aKCnepMMeHTanbHbIX AaHHbIX

[Ansa annpokcumMaLumy aKcnepuMeHTaNbHbIX AaHHbIX B CUCTEMe UCTIONb3YIoT Kybuyeckue cnnanHbl MOHWKEHHON Kpu-
BW3HbI, MUHUMU3MPYtoLMe B3BelweHHoe CKO. MNocTpoeHne cnnaiHoB OCYLLECTBIIAOT N0 3HAaYEHUAM YANUMHEHWUS NPy pas-
TNMYHBIX TemnepaTypax ¢ foGaBneHneM ycroBuiA HENPEpPLIBHOCT NEPBOIA M BTOPOI NPOU3BOAHON B yanax annpokcuma-
LuK. Ha Kpasix MHTepBana NpUMEHSAIOT KBagpaTuyiHyto annpokeumauuio [Ana N y3nos annpokcumanuu cnnaiiHel coaepxar
4(N - 3)+ 3 - 2 = 4N — 6 KoahDULMEHTOB, ANS onpeaerneHns kotopbix UMeetcs N + 3(N — 2) = 4N — 6 ypasHeHuit]. Ha
JaHHOM MHOXECTBE Y3rnoB annpoKcMMauun cymMa CnnaiHoOB Takke SBMSETCA CnNaiHOM TOro Xe BUAA, YTO NO3BONAET

N
npesCcTaBUTb annpoKCUMUPYIOLLMIA cnnaiiH B BUAE, aHaNorMiyHoM nonuHomam Jlarpanxa S(T) = ZC,-S,(T), rae cnnanHbl
1

S, YAOBINETBOPSIOT yCIOBUAM S,.(Tj) = Sij (cumBon Kpoxekepa).

OCoBeHHOCTLIO pe3ynsTraToB AUNaTOMETPUYECKUX U3MEPEHUIA SBMSAETCA UX NPUBA3Ka B Npeaenax Kaxaon k-cepumn
K ee Ha4anbHol Temnepartype T, OTHOCUTENBHO ANUHBI 06pa3Lja, NP KOTOPOIA M M3MEPSIOT ero YANIMHEHNe. AHaNOrTMYHO
annpoKCUMMPYIOLLYIO 3aBUCMMOCTb CTPOSIT OTHOCUTENBHO HEKOTOPOIA dnKcupoBaHHON TeMnepaTypbl Tg (06b14HO 20 °C),
3HayeHue YANMHEHUS MPU KOTOPOA NPUHUMAIOT paBHBIM HyNt. COOTBETCTBEHHO K MHOXECTBY Y3NOB annpoKkcumauuu
noGaenator Touky Tq, B KoTopoi Bee S; = 0. [ancHeilune BbIMUCAEHUS NPOBOAAT METOAOM CUHIYTSIPHOIO pasnoXeHus,
NMo3BOMNSAOLLUM HAaXOAUTb PELEHUE NUHENRHBIX CUCTEM C MaTPUL@MKU HEMOJHOIO paHra. Monck annpoKCUMUpYIoLLei (yHK-
LiK CBOAAT K PELIEHNI0 CUCTEMbI NTUHERHBIX YpaBHEHUI OTHOCUTENBHO KoathdmuueHToB C; Akj',.Ci = Dij~ Wi C MaTpuuen
Akj, j» BBIUMCIIIEMON KaK Akj,/ = (S Tkj) - S{ Tko))ij 3HaveHus BecoB Wy BbIGUpaloT cornacHo OLEeHKaM MorpeLHoCTH K-
NepUMeHTanbHbIX 1aHHBIX. [N Nony4eHns crnaxeHHBIX CnaiHos k MaTpuLie Ay ; [06aBnsioT CTPOKKU, COOTBETCTBYIOLLUE
CKavkaM MNpou3BOfHLIX OT CMfIaiHOB B y3nax annpoKcuMauun, YMHOXEHHbIe Ha KoadduLmMeHT crnaxusaHus. CooTBeT-
CTBYIOLLME KOMIMOHEHTLI BEKTOpa MpaBblX YacTeid NPUHUMALOT paBHBIMK HyMo. CUHIYNApHOe pasnoXeHne MUHUMU3UPYET
KBagpaTuiHoe OTKIOHeHWe. TakuM o6pa3soM, cnnaiiHbl, NONyYeHHbIE B pe3ynbraTe pacHeToB, OKa3blBalOTCA «CNPSAMEHHbI-
MW». CTeneHb CNpSMIEHNS 3aBUCUT OT KoahdULMeHTa crnaxnBaHna U MOXeT 6biTb BbiGpaHa B npoLiecce annpokcumaLuu.

YBenuueHue koadpuymeHTa crnaxmBaHus COBMECTHO € yBEfIMYEHWEM YKUCNa y3NoB annpokcuMauun no3sonsaet
NoBLICUTL €€ TOUMHOCTb. [pK onNTUManbHOM BbIGope KoadduLUeHTa crnaxusaHusa NONYYaKoT AOCTATOYHO rMaakue Kpusble
He TOMbKO ANA OTHOCUTENBHOTO YANIMHEHUS, HO K Ansa uctuiHoro TKIP, T. e. ANA Npou3BoAHON YANUHEHUA NO Temnepa-
Type.

A.4.1 OueHkKa HeonpeaeneHHOCTH

Onsa kaxzgoro TeMnepaTypHOro AuanasoHa BLIMUCISAOT cpefHee apudmeTudeckoe 3HadeHne TKIP o M3 natu
cpeaHux TKITP no dopmyne
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nA = (A2)
<o X(a-ap A3)
n-1
rae S — Bbl6opoyHoe CKO criyyaliHoli NOrpeLHoCcT 3MepPEeHWii;
n=5 — 4ncno nsmepeHuii.
CraHfapTHYI0 HeonpeaesieHHOCTb VB Mo TNy B BbIYMCAAOT Nno hopmyne
%1
7 - (A4)
B kvi
roe ©(p) — poBepuTenibHble rpaHuLbl HEUCKIOYEHHONM CUCTEMATMYECKON NOrpeLlHoOCT pesyfbTaTa N3MepeHuis;
K — KO3(phMUMEHT oxBaTa, paBHblii 1,1 npu AoBEpPUTENbHOI BeposTHOCTM P = 0,95.
CyMMapHyto CTaHJapTHYH HeonpefeneHHOCTb UC BblUMCAAIOT No dhopmyne
UC =Vua +ub * (A-5)
PacluvpeHHyto HeonpegfeneHHocTb Up BbIYMCASIOT Mo chopmyre
Up=Keuc, (A.6)

rae K — KoadhuUMEHT oXBaTa, paBHbIii 2 NpU AOBEPUTENLHON BepOATHOCTM P = 0,95.
A.4.2 OueHKa 0OCTOBEPHOCTU AaHHbIX

OLeHKa AOCTOBEPHOCTM MOJTyYEHHbIX AaHHbIX no TKJ/IP rpadmTta mapkm FUM-4 ocyuwectsnsnacb MHOTOKpaTHbIM
noBTOpeHnem umamepeHuin TKJTIP B BbIGpaHHOM TemnepaTypHOM Auana3oHe ¢ nocregytolleli COBMEeCTHO 06paboTkoit
60/1bLLUOr0 Yncna cepuii USMepeHnii U CpaBHEHNEM C IKCNEPUMEHTASIbHBIMU AAHHBIMU U3MEPEHUS 3TOT0 Matepuana, npo-

BefeHHoro B 2015 r.

CpaBHeHVe pekoMeHAyeMbIX AaHHbIX N0 TENI0OBOMY paclUMpeHuto rpaduta Mapku MIM-4 ¢ JaHHBIMU, NOYyYeHHbI-

mMu B 2015 1., NnpeAcTasfieHo Ha pucyHke A.4.

a, 10"6-K"1
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50
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35 o
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PrcyHok A.4 — CpaBHeHue MoJly4yeHHbIX pe3ynbLTartoB rno cpegHemy TKIP rpadmta mapkm FAM-4
B Anana3oHe Temnepatyp ot 20 °C go 2500 °C ¢ gaHHbIMKU, MosyYeHHbIMK B 2015—2017 .

CnnowHasa nnHna — 3HadeHnsa CCJ o TKNP rpadmta mapkm M'iMN-4

PacxoxaeHus He npesblwaloT norpewHoctTn BAT n OB B gaHHOM TemnepaTtypHoM uHTepsane (1,7 ¢ 10-7 K-1).
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