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M NONpaBoK — B eXeMeCAYHOM MH(OpPMaLNOHHOM ykasaTene «HauuoHanbHble cTaHAapThi». B ciyyae
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HAUWOHANBbHBIA CTAHAOAPT POCCUWMCKOW SEAEPALUNMN

[ocypapcTBeHHasa cucrtema ob6ecneveHuns eagnHCTBa I/I3MepeHI/II7I

TENNO®UN3NYECKUE CBONCTBA XWNAKOIO CBUHLA
B NHTEPBANE TEMMEPATYP ot 330 °C go 1000 °C

State system of ensuring the uniformity of measurements. Thermal properties of liquid lead
at temperatures from 330 °C to 1000 ° C

Jata BBegeHns — 2025—03—01

1 O6nactb NpPUMeHeHus

Hactosawwuin ctaHgapT npegHasHavyeH O/19 NPUMEHEHUS MpU NPOEKTUPOBaHMM U pa3paboTke SAepHbIX
3HEpreTMYecKkux ycTaHoBOK, a Takxe Mpu NPOBEAEHWN pacyeToB Tenn10PU3MYECKMX CBOWCTB CBUHLA, nNapa-
MEeTpbl COCTOSAHMSA KOTOPOro COOTBETCTBYIOT XWUAKOW ob6nactu npy aTMocepHOM AaBNEeHUN: MAOTHOCTU B UH-
TepBane temnepatyp ot 330 °C go 1000 °C mn ckopocCTu 3ByKa B MHTepBasie Temnepartyp ot 330 °C go 720 °C.

HacTtosawumin ctaHaapT ycTaHaBMBaeT 3HAYEHUA CTaHAAPTHbLIX CNPaBOYHbIX AaHHbIX (Aanee — CCL):

- 0 MNIOTHOCTK CBMHLA B XUAKol chase,

- CKOpPOCTM 3BYyKa B CBUHLE B XUAKOW (hase,

TemnepaType njaBfieHNsA CBMHLA,

NAOTHOCTU CBUHLLA B TBEPAONM M XKMAKOW dpazax npu TemnepaTtype naaBfieHus,
CKayke Nn/0THOCTW npu nnaBneHuUn cBuHLUa,

CKOpPOCTW 3BYKa B XWAKOM CBMHLE NpU TeMMepaType nnaB/ieHns,

a Takxe ycTaHaBnvMBaeT MeTOAbl pacyeTHOro onpegeneHus 3HavyeHuin CCJL O NAOTHOCTU M CKOPOCTU
3BYKa B CBMHLLE B XWUAKOIW (hase.

2 HopmaTuBHbIE CCbIJIKU

B HacTosuWeM cTaHfapTe UCnosib3oBaHa HOPMaTMBHAsSA CCblJiIKa Ha crefylowuii ctaHgapT:
FOCT 22861 CBuHeL, BbICOKON YMCTOTbl. TEXHUYECKME YCNOBUSA

MpumeyaHne — MMpy NOMb30BAHNN HACTOSLLMM CTaHZAPTOM Leiecoobpa3Ho NPOBEPUTL AECTBME CCbIIOY-
HbIX CTaHAAPTOB B MH(DOPMAUMOHHOW cucteMe 06LLEro nosib30BaHUsi — Ha omumanibHOM cante degepasibHOro areHT-
CTBa MO TEXHUYECKOMY PEry/IMpoBaHnio 1 METPO/IONMM B CETU VHTEPHET MM MO eXerogHoMy UHOPMaLMOHHOMY yKa3a-
Tento «HaunoHanbHble cTaHAapTbl», KOTOPbI Ony6/IMKOBaH MO COCTOSIHMIO Ha 1 siHBaps TEKYLLEero roga, v no Bbinyckam
eXeMeCsYHOro MHPOPMaLUMOHHOTO ykasaTens «HaumoHanbHble CTaHAapTb» 3a TekyLwmid rog. Ecnv 3ameHeH CCbINIoYHbIN
CTaHZApT, Ha KOTOPbI AaHa HeAaTMpOBaHHAs CCblIKa, TO PEKOMEHAYETCS MCMO/b30BaTb AEMCTBYIOLLYHO BEPCUIO 3TOTO
CTaHfapTa C y4eTOM BCEX BHECEHHbIX B f@HHYH BEPCUIO M3MEHEHWIA. ECnM 3aMeHEH CCbINOYHbIA CTaHAAPT, Ha KOTOpPbINA
[aHa faTupoBaHHas CCblka, TO PEKOMEHAYETCA UCMO/Mb30BaTb BEPCUIO 3TOTO CTaHAapTa C yKa3aHHbIM BbILIE FOA0M YT-
BepxaeHus (NpuHSTKA). Ecnn nocne yTBEPXAEHMS HACTOSILLEro cTaHfapTa B CCbIIOYHbIN CTaHAAPT, Ha KOTOpbIi gaHa
JaTMpoBaHHas CCblfka, BHECEHO M3MEHEHWE, 3aTparnBatolee MNosioKeHNe, Ha KOTOPOE AaHa CCbifika, TO 3TO MOJIOKEHME
pekoMeHayeTCsl NPUMeHsTL 6e3 yyeTa faHHOro U3MeHeHWsl. ECn cCbiNoYHbIl cTaHgapT OTMEeHeH 6e3 3aMeHbl, TO MoJo-
XXEHVE, B KOTOPOM JaHa CCblsika Ha Hero, PeKOMeHAYeTCs MPUMEHSTb B YaCTW, He 3aTparvMBatoLLeli 3Ty CCbIKy.

3 TepMuHbI 1 onpegeneHnsa

B HacTosileM cTaHhapTe NpUMeHeHbl TePMUHbLI Mo [1], a Takxe cneayolime TepMUHbl C COOTBETCTBYIO-
WMMK onpeneneHusmu:

M3pgaHne odmumnanbHoe
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3.1 NOTHOCTb CBUHUA B TBEpAOI (B XUAKOW) pase: 3Ha4YeHne NAOTHOCTM CBMHLA NPW AAaHHON TeMm-
nepatype n atmoc)epHoM AaBf€HUW, U3MEPEHHOEe WM paccyMTaHHOe B TBepAoM (B XMAKOM) dha30BOM CO-

CTOAHUN.
3.2 CKOpPOCTb 3BYKa B XWUAKOM CBUHLUE: 3Ha4YeHne CKOpPOCTM 3BYKa B CBUHLE, HAXOAALWEMCH B XUAKOM

ha3oBOM COCTOSAHMM NpyU aTMOCKEPHOM AaBNeHUN MpU faHHON TemnepaType n aTMocepHOM AaBneHun.

3.3

cpefHee KkBagpaTnyeckoe OTK/IOHEHUE; cTaHOapTHoe OTKIoHeHwe: MapameTp dyHKUUM pacnpepge-
NEHNA N3MEPEHHbIX 3HAYEHNI UM NoKa3aHWii, XapakTepusyuwnin nx paccemBaHne U paBHbIA NONOXUTENb-
HOMY KOPHIKO KBajpaTHOMY U3 AUCMEpPCUUN 3TOro pacnpefeneHuns.

MpumeyaHunsa

1 OueHKoli cpegHero KBagpaTuyeckoro OTKNIOHEHNS SABMISIETCA BbIGOPOYHOE CTaHOAPTHOE OTK/IOHEHWe, onpeaens-
emMoe no copmysne

rage XK— K-€ nsMmepeHHoe 3HadyeHue nam nokasaHue B paay U3 n 3HAYEHWIA;
X — cpenHee apVI(*)MeTVILIECKOG M3 1 U3MepPeHHbIX 3HAYEHUIA U NOKa3aHWiA.
2 s(x)Nn ABNAETCA OLl'eHKOIL/‘I CTaHOapPTHOro OTK/IOHEHUA pacnpenenieHna X U Ha3blBaeTca Bbl60p0‘-IHbIM CtaHaapT-

HbIM OTK/IOHEHMEM CpefHEro apugIMeTUUECKOro.
3 BbIGOPOYHOE CTaHAAPTHOE OTKIOHEHME WHOTAA HEeMpaBW/IbHO HAa3bIBAKOT CPEAHEN KBaapaTuyeckoli norpeLuHo-

CTbHO.

[1, ctaTba 5.18]

3.4 TemnepaTtypa nnaBneHusa: Temnepatypa, NpyM KOTOPON NpoucxoamnT ha3oBbii Nepexoq 13 TBepao-

ro COCTOSIHUA B Xuakoe (nnasneHue).
3.5 cKauyoK NAOTHOCTM MpPWU NaB/eHUN CBUHLUA: PasHOCTb 3HAYeHWli NJOTHOCTM CBMHLA B TBEPLOW

hase U NAOTHOCTU CBUHLA B XWAKON hbase npu TemnepaTtype nsaBfieHUs U aTMOCHEPHOM AaBfIEHUN, OT-
HeCeHHas K 3Ha4YeHW MAO0THOCTU CBMHUA B TBepAOi dhase npum TemnepaTtype niaabBfeHUs U YMHOXEHHas Ha
100 npoueHTOB.

4 O603Ha4YeHNs M COoKpalleHus

B HacTosilleM cTaHfapTe NpPUMEHEeHbl crefyuine 0603HaYeHNA U COKpaLLeHUs:

p — MNJIOTHOCTb CBUHLA, Kr/M3;

c —  KO3(PPULMEHT ypaBHEHUSA ANA NJIOTHOCTU XUAKOTO CBUHLA,;

T=(t+273,15) — Temnepatypa B KenbBuHax, K;

f — TeMmnepartypa B rpagycax Lenbcuga, °C;

a — CKOpPOCTb 3ByKa B CBMHUE, M/C;

b — KO3 ULMNEHT ypaBHEHUA A/1 CKOPOCTU3BYKA B XNAKOM CBUHLE;

Apnn — CKa4yoK N/IOTHOCTW Mpu njas/ieHnn ceuHua,  %;

Jil — CcpefHee KBagpaTuyeckoe OTK/OHeHWe KoadpuumMeHTa annpoKCUMUPYIOLWEro
ypaBHeHUA A1 NAOTHOCTU XUAKOTrO CBUHLA;

Ab cpefHee KBajpaTMyeckoe OTKNOHEHWEe KoahduumeHTa annpokKCMMUpYoLWwero
ypaBHEHUsA OJ/19 CKOPOCTU 3BYKa B XWUAKOM CBUHLE;

6p [oBepuTe ibHbIe TPpaHuLbl NMOrPeLIHOCTN N3MepPeHnsa NAOTHOCTH, %;

5a JoBepuTesibHble TPaHULbl MOTPELIHOCTM U3MEPEHNA CKOPOCTWN 3BYKa, %;

armnu [oBepuTeNbHble TpaHuLbl MNOTPELHOCTN U3MEPEHUA.

B HacTosAwem cTaHfapTe NpuUMeHeHbl cneayowmne NHAEKCbl, BXoasuue B 0603HAYEHUA BETNYUH:

| — /-e 3HAYeHne BESINYUHDI;
N1 — OTHOCAWMICA K Npoueccy niaaBneHus.
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5 TpeboBaHMs K 3HAYEHUSIM CTaHAAPTHbIX CNPaBOYHbIX AAHHbIX
0 Tenoun3nNYecKmx CBOMCTBaX XNAKOrO CBUHLA N XapaKTepuCcTMKa MaTepuana
CBMHUA

5.1 3HaueHusa CTaHOapPTHbIX cnpaBO4YHbIX AaHHbIX O M/ZTIOTHOCTU N CKOPOCTUM 3BYKa U MeToabl NX
pacyeTa

3HavyeHua CC/L o NAOTHOCTU M CKOPOCTM 3BYKa B XWAKOM CBUHLLE OnpeaenstoT no ypaBHeHusam (1) u (2)
cooTBeTCTBEHHO [2], [3]:

p=c0+clT+c2T2+ c373, (1)

a=b0o+bj+ b2T2. @)

KoagppuumeHTol ypaBHeHnin (1) n (2) u nx cpefHue kBajpaTuyeckne OTKIOHEHWUS, COOTBETCTBYHLLME
YPOBHIO AoBepusd, pasHomy 95 %, npueBeneHbl B NPpUI0OXeHUN A.

3HayeHua CC/[l o n1OTHOCTKU CBUHLA B XMAKOW hase B gnanazoHe Temnepatyp ot 330 °C go 1000 °C c
warom 10 °C, paccumMTaHHble No ypaBHeHuo (1), npeacrtaBneHbl B Tabnuue b.1.

3HayeHna CC/L o ckopoCTu 3ByKa B XWAKOM cBUHUe B anmana3oHe ot 330 °C go 720 °C c warom 10 °C,
paccuuMTaHHble No ypaBHeHUo (2), npeactasneHsl B Tabnuue b.2.

[oBepuTtenbHble rpaHulbl MOrPELHOCTN U3MepeHns 3HadyeHnin CCJL, 0 NAOTHOCTM CBMHLA B XWUAKOW
hase 1 0 CKOPOCTU 3BYKaA B XUAKOM CBUHLIE NPUBELEHbI B NPUIOXeHUn B.

5.2 3HaYeHMA CTaHAapPTHbIX CNPaBOYHbIX AaHHbIX O TeMMepaType naaB/fieHUs, NJAOTHOCTU
M CKOpPOCTW 3BYyKa Npu TemnepaType naaBfieHus

B Tabnunue 1 npuBepfeHsbl 3HayeHus CC/ o cnegylouwmx napaMmeTpax npouecca nnasneHus:
- Temnepartypa niasfieHuns;
NAOTHOCTb CBMHLA B TBEpAON hase npu TemnepaType naaB/eHUs;
NAOTHOCTb CBMHLA B XWAKON (pa3e nNpu TemnepaTtype naasB/eHUS;
CKayoK MAOTHOCTU NpW NaaBNeHUN CBUHLA,
CKOPOCTb 3BYKa B XWAKOM CBUHLE MpW Temnepartype nnaBneHuns.
3HayeHUsa gaHHbIX NapameTpoB NpuHUMAaT no Tabnuue 1. loBepuTenbHble rpaHunLbl NOrPeWwHOCTN U3-
MepeHus 3HadeHuin CCJL 0 NNOTHOCTM CBUHLA M O CKOPOCTM 3BYKa B CBMHLLE NPUBEAEHbI B NPUNOXeHUn B.

Ta6nuuya 1— CraHaapTHble CNPaBOYHbIE faHHbIE 0 NapaMeTpax npolecca niaBieHus!

MnoTHocTb prn, Kr/m3

Temneparypa Ckayok MniioTHoCTH CKOpOCTb 3ByKa
nnasrewns, T, °C TBEpON ¢hasbl XAKOM chasbl AP % amn, mc
327,46 10997,2 10640,1 3,25 1812,5

5.3 XapakTepuctuka martepuana cBuHLUa

HacTtosawwmin ctaHgapT cnefyeT UCNOb30BaTh ANS BbICOKOUMCTOrO cBuHUAa Mapkun C00 no MOCT 22861,
4nCcTOTa KOTOPOro No nacnopTty 3aBoga-u3rotosuTens cocrasnget 99,9985 macc. %.
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MpunoxeHve A
(o6s13aTENIBHOE)

KoadhdhnymeHTbl anNpPOKCUMUPYHOLWNX YPAaBHEHUIM C yKasaHMeM
CpefHUX KBagpaTU4ecknx OTK/IOHEHMWIA

Tabnuya Al — KoadhuumeHTbl annpoKCUMUPYIOLWEro ypaBHeHUs A8 NAOTHOCTU (ypaBHeHue (1) u ux cpefHue
KBagpaTuyeckme OTKIoHeHuA [2])

co [OcO0 a Acl o [Oc2 3 [c3
Kr/m3 Kr/(M3 « K) 10_3 kr/(M3 « K2) 10 6 kr/(m3 mK3)
11200,23 14,59 -0,66285 0,04154 -0,55397 0,03744 0,17453 0,01085

Tab6nuuya A.2— KoathdmumeHTbl annpoKCUMUPYIOLLETO YPaBHEHNS 415 CKOPOCTY 3ByKa (ypaBHeHue (2) n nx cpegHune
KBagpaTnyeckme oTkIoHeHus [3])

bo Nog -bi Abl b2 +10"3 "y o8
m/c M/(c « K) M/(c *K2)
1921,79 0,92 0,12464 0,00242 0,09531 0,00157
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MpunoxeHve b
(o6s13aTENIBHOE)

CTaHAapTHble cNpaBOYHble AaHHble O 3HAYEHMSAX NJIOTHOCTU
M CKOPOCTU 3BYKa CBUHLA B XWUAKOM COCTOSIHUU

Ta6nnya Bl — CraHgapTHble CPaBOYHbIE JaHHbIE O 3HAYEHUSIX MIOTHOCTU XWUAKOTO CBUHLA [2]

p, kr/mM3

0 10 20 30 40 50 60 70 80 90
300 — — — 10637,2 10625,8 10614,3 10602,8 10591,2 10579,6 10567,9
400 10556,2 10544,5 10532,7 10520,9 10509,1 10497,2 104853 10473,3 10461,3 10449,3
500 10437,3 104252 10413,1 10400,9 10388,8 10376,6 103644 10352,1 10339,9 10327,6
600 10315,3 10303,0 10290,6 10278,3 102659 10253,5 10241,1 10228,7 10216,3 10203,8
700 10191,4 10178,9 101665 101540 101415 10129,1 10116,6 101041 100916 10079,1
800 10066,6 10054,1 10041,6 10029,2 10016,7 10004,2 9991,7 9979,3 9966,8 9954,4
900 9942,0 9929,6 9917,2 9904,8 9892,4 9880,1 9867,7 9855,4 9843,1 9830,8
1000 9818,6 — — — — — — — — —

Ta6nuuya bB.2— CraHgapTHble CNpaBOYHbIE JaHHbIE O 3HAYEHUSIX CKOPOCTU 3BYKA B XUAKOM CBUHLE [3)]

7,°C 0 10 20 30 40 50 60 70 80 90
300 — — — 18119 1809,5 1807,1 1804,7 1802,2 1799,7 1797,2
400 1794,7 1792,2 1789,6 1787,0 1784,4 1781,8 1779,2 1776,5 17739 1771,2
500 1768,5 1765,7 1763,0 1760,2 1757,4 1754,6 1751,8 1748,9 1746,1 1743,2
600 1740,3 1737,4 1734,4 17315 1728,5 1725,5 1722,5 1719,5 1716,4 1713,3
700 1710,2 1707,1 1704,0 — — — — — — —
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MpunoxeHve B
(o6s13aTENIBHOE)

[JoBepuTenbHble rpaHULbl MOrPEWHOCTN U3MEPEeHN i CTaHAAPTHLIX CNPaBOYHbIX AaHHbIX
O NJIOTHOCTM CBMHLA U CKOPOCTU 3BYKa B CBUHLE

Ta6nunya B.1 — [oBepuTesibHble rpaHNLbl MOTPELLHOCTY U3MEPEHUIA CTaHAAPTHBIX CMPABOYHBIX AAHHBIX O MIOTHOCTY
CBMHLA M CKOPOCTY 3ByKa B CBUHLE

WHTepBan Temnepatyp t, °C A nnotHocTv 6p, % LA ckopoctu 3ByKa 5a, %
ot 327,46 oo 726,85 0,2 0,2
oT 726,85 fo 1000 0,3 —



(1]

(2]

(3]

PMI" 29—2013

rcccn 229—2007

rCCCA, 236—2009
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Bubnunorpadunsa

lFocyaapcTBeHHas cuctema obecrneyeHus eMHCTBa U3MepeHuin. MeTponormsi. OCHOBHblE
TEPMUHbI 1 onpeaeneHns

Tabnuubl cTaHAapTHBIX CNPaBOYHbIX AaHHBIX. [10THOCTb CBMHLA, BUCMYyTa U UX 3BTEKTU-
Yeckoro crnsasa B KOHAEHCUMPOBaHHOM COCTOSHUM B guanasoHe Temneparyp ot 273,15 K
0o 1500 K

Tabnuubl CTaHAAPTHBLIX CNPaBOYHbIX AaHHbIX. CKOPOCTb 3BYKa B XXMAKOM CBUHLE, BUCMYTE
N X 9BTEKTUYECKOM Cr/1aBe B AnanasoHe OT TemnepaTypbl nnasneHns o 1300 K
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KntoueBble cnoBa: rocyfapCcTBeHHas cuctemMa obecrneyeHuss eAnHCTBA U3MEPEHUIA, cTaHAapTHbIe CNpaBOYHble
[aHHble, Tennodusnyeckne cCBONCTBA, MJIOTHOCTb, CKOPOCTb 3BYKA, XWAKUA CBUHEL, XWAKOMeTasnyeckue

TenaoHocuTenn

Pepaxtop H.A. ApryHosa
TexHunyeckmin pegaktop B.H. MNpycakosa
Koppektop N.A. Koponesa
KomnbtoTepHas Bepctka W.HO. JINTOBKUHOM

CpaHo B Habop 20.09.2024. MMognucaHo B neyatb 24.09.2024. dopmat 60><84'4. [apHutypa Apuas.
Yen. ney. n. 1,40. Yu-u3g. n. 1,12,

[MoaroToB/IEHO HA OCHOBE 3/IEKTPOHHOW Bepcun, NpPefoCTaB/IEHHON pa3paboTumkoMm cTaHaapTa

Co3aHo B €VHNYHOM WCMONHEHUN B ®TBY «/HCTUTYT cTaHdapTu3aLmumn»
AN KOMMNekToBaHna defepasibHOro MHHOPMaLMOHHOrO (hoHAA CTaHAapPTOB,
117418 MockBa, HaxumoBsckuit np-T, 4. 31, K. 2.
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