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HAUMWOHANDbHBIN CTAHAQAPT POCCUUCKON PEAEPALUMN

NNocypmapcTBeHHasi cucrtema obecneyeHms eQUHCTBA U3MepPeHuin

CTAHAAPTHbLIE CNMPABOYHbIE AAHHBIE.
®TOPBEH30J1

Tennodu3snuyeckme CBOMCTBA (NSIOTHOCTb, TENJSIOEMKOCTb, IHTASNIbNUA, SHTPONUS, CKOPOCTb 3BYKa,
k03 (pULMEHTLI TENSIONPOBOAHOCTU U BA3KOCTU) B Anana3oHe TemnepaTypbl OT TPOWHOMN TOYKH
He Bbiwe 700 K npu aasneHuax He 6onee 100 MMa

State system for ensuring the uniformity of measurements. Standard reference data. Chlorobenzene. Thermophysical
properties (density, heat capacity, enthalpy, entropy, speed of sound, thermal conductivity and viscosity coefficients) over
a temperature range from the triple point to 700 K with pressures up to 100 MPa

Aara BBeaeHus — 2021—02—01

1 O6bnacTb NnpuMeHeHun

Hacrosawuii cTaHaapT pacnpoCTPaHAETCA HA XUAKUA U ra3oobpasHbin hTopOGEeH30n u ycTaHaBnuBaeT
METOAbI PACHETHOTO ONPEAENEHNSA 3HAYEHUIN CTAaHAAPTHBIX CNPABOYHbIX AAHHbIX NAOTHOCTU P, SHTaNbLNUK h,
SHTpONUU S, N306aPHOI TENNOEMKOCTH Cp» M30XOPHON TENMOEMKOCTH C,, CKOPOCTN PacnpoCTPaHEHNA 3ByKa
W, KO9(pULUEHTE JMHAMUYECKOW BASKOCTH | U KO3 ULUMEHTE TENNONPOBOAHOCTU A Ana dTopGeHsona, kak
B 0gHOpa3HbIX 06nacTsX, Tak U Ha NVMHUN HACLILLEHUS.

2 HopmaTuBHbIe CCbINTKU

B HacTosLeM cTaHaapTe UCMonNb30BaHbl HOPMATMBHbLIE CChIIKM Ha CreayioLme CTaHaapTbl:

FOCT 8.566 locymapcTBeHHas cucrtema obecneyeHus eauHCTBa u3amepeHuin. MexrocyaapcTBeHHas
CUCTEMA AaHHbIX O (PU3NYECKNX KOHCTaHTax U CBOMCTBAX BeLUEeCTB U matepuanoB. OCHOBHbIE NOMOXEHUA

FOCT P 8.614 locynapcTtBeHHaa cucrtema obecneyeHuss eauHCTBA u3MepeHuin. FocyaapcTBeHHas
cnyxda cTaH4apTHBIX CNPAaBOYHbIX AaHHbIX. OCHOBHbIE MOMNOXEHUS

MpuMedaHue—Ipu NoNb30BaHUM HACTOALLUM CTaHAAPTOM LienecoobpasHo NPOBepUTh AeHCTBUE CChINOYHBIX
CTaHAapToB B MHOPMALMOHHOK cucTeMe 06LLEro nosib3oBaHUs — Ha oULManb-HOM caiite defeparnbHoro areHTCTsa no
TEXHUYECKOMY PErynupoBaHUI0 U METPONOrUM B ceTu MIHTEPHET UMK Mo eXerogHoMy UHopMaLMOHHOMY ykasaTento «Ha-
LiMoHasbHble CTaHAapTbl», KOTOPLI ONyGNMKOBaH MO COCTOSIHMIO HA 1 sIHBaps! TEKYLLIEro rofja, 1 no BhINycKam exemMecsiy-
HOrO MHPOPMaLMOHHOrO yKasaTens «HauuoHanbHble cTaHaapTb» 3a TekyLumid rog. Ecnu 3ameHeH CCbINOYHLIN CTaHAapT,
Ha KOTOpbI AaHa HeAaTMpOBaHHas CChINKa, TO PEKOMEHAYETCS UCTIONb30BaTh AEHCTBYIOLLYIO BEPCUIO 3TOMO CTaHAapTa
C Y4ETOM BCEX BHECEHHLIX B JaHHYI0 BEPCUIO U3MeHeHWiA. Ecrn 3amMeHeH CChINOYHbIA CTaHAapT, Ha KOTOpbIi 4aHa AaTu-
pOBaHHas CCbiNka, TO PEKOMEHYETCS UCTIONb30BaTh BEPCUIO STOMO CTaHAapTa C yKasaHHbIM BhILLE FOAOM YTBEPXKAEHUS
(npuHaATUNA). ECnun nocre yTBepXAeHUs1 HAaCTOSILLEro CTaHAapTa B CChUTOYHBIA CTaHAapT, Ha KOTOpLIil AaHa AaTUpoBaHHas
CCblNKa, BHECEHO U3MEHEHMe, 3aTparuBaloLLee NoNIOXEHNE, Ha KOTOPOe flaHa CChlKa, TO 3TO NONoXeHNe pekoMeHayeTcs
NPUMeHSTb 6e3 ydeTa JaHHOTO M3MeHEHUS. ECniu CChbINOYHLIN CTaHAapT OTMeHEH 6e3 3aMeHbl, TO NONOXeHUe, B KOTOPOM
faHa CCbifka Ha Hero, PeKOMeHAYeTCs MPUMEHSTh B YacTu, He 3aTparuBaroLLeid 3Ty CChInKy.

3 Metoauueckue OCHOBBbI pa3pa60TKVI CTaHAAPTHbLIX CMPaBOYHbLIX AAHHbIX
3.1 OcHoBHbIe (hnM3uKO-aHANUTUYECKNE MoAernu, NPUHATLIE AN PacYeTHOro onpeaeneHun
3HaYeHU TepMoaAHaAMMYECKUX CBOUCTB (propbGeH3ona

B HacToAwem ctaHaapte npueeaeHbl OCHOBHbIE (busuxo-auanmmecxue Moaenu, NpuHATbIe Ana pac-
YETHOrO onpeaeneHus 3HayeHun TepMoaMHaMUYeCcKux CBOMCTB diTropbeH3ona, paspaboTaHHble B COOTBET-

U3paHue ocpuumnanbHoe
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cteumn ¢ FOCT 8.566, TOCT P 8.614 Ha 0CHOBE TEOPETMYECKN U NPAKTU4ECKM 0OOCHOBAHHOrO (oyHAaMeHTanb-
HOro ypaBHeHus1 coctosHusa (PYC), BbipaxaroLuero cso6oaHyo aHeprnio Menbmronbua a(p, 7) B 3aBUCUMOCTH
OT Temneparypbl T 1 NNOTHOCTHU p.

Bespa3mepHyio cBo6oAHYI0 sHepruio lenbmronbua o5, T) NPeaCTaBnAoT B BUAE CyMMbl uaeanbHo-ra-
3080 yactu 02(3, 1) u n3bLITOUHOI cocTasnsIowWwei of (S, T) M BLIMUCAAIOT NO hopmyne

a(p,T) _o®p,T)+a'(p,T) _
RT RT

al(8, 1) + o (5, 1). 1)

Ans npuaanua Haunbonee crpororo noaxoaa Kk ®YC B yactu y4eta 0Co6eHHOCTEN TEPMOANHAMUYECKOM
nosepxHOCTU hpTOPOEH30MA M PACLUMPEHNUSA €r0 IKCTPANONALMOHHBIX BO3MOXKHOCTEN U3ObITOYHYIO YaCTb CBO-
60aHON 3Hepruu MenbMronbLa NPeACTaBNSAIOT B BUAE Pa3nOXeHns B paa No cteneHsam (cMm. [1]) npuseaeHHON
Temnepartypbl T U NPMBEAEHHOM MIOTHOCTU & C ONTUMU3UPYEMBIMU NONTMHOMUATNBHBIMU 9KCNOHEHLUaNbHBIMU
YsieHamu U BblYMCHAIOT No dhopmyne

5 10 15
or (87) = YNk + ), Na% etk exp(-8k ) + 3, Mgk exp(-me (5-5)" B (- )°). @
i=1 i=6 =11
rae &= plp.
1=TJT,
P T, — NapameTpbl NPUBEAEHUS, B KAYECTBE KOTOPLIX MPUHUMAIOT 3HAYEHUA TEMNEepaTypbl U NAOTHOCTH
¢dropbeHsona B KpUTUUECKOH ToUKe (B [1] npuHATSLI p, = 3,721 KMonb/m3, T.=560,1K).

Ona onpeaenexnusa sHavyeHun napametpos ®YC no cdopmyne (2) u paclumpeHna ero PyHKLUUOHANbHbIX
BO3MOXHOCTEN NPU HaXOXAEHUU 3HAYEHUI KO3(pPuLUMeHToB ®YC, yuUTbLIBAIOT Pa3HOPOAHLIE IKCNEPUMEH-
TanbHbl€ AaHHbIE O TePMOANHAMUYECKUX CBOWCTBaX (hTopbeHsona:

-0 p, Vv, T-naHHblE;

- YNpYrocTH HaCbILLEHHbLIX NApos. P,

- NAOTHOCTM HaCLILLEHHOM XUAKOW P, U ra3oBou p, das;

- TENNOEMKOCTM HaCblLLEHHON KOHAEHCUPOBaHHOM (hasbl Cg;

- n3obapHoi C,, TENNOeMKoCTH;

- 9HTanbnuu h;

- CKOPOCTM pacnpoCTPaHEHUS 3BYKa W.

KoppeKkTHOCTE B ONMCaHMU TEPMOAMHAMUYECKON NOBEPXHOCTW (bropbeHsona npu o6paboTtke akcne-
PUMEHTAarbHLIX AAHHBLIX JOCTUraeTca NyTem BBOAA CUCTEMbI OrpaHUYEHui, HaknaabiBaeMbiX B BUAE Hepa-
BEHCTB Ha TEPMOANHAMNYECKYIO MOBEPXHOCTb. B uncno oCHOBHbIX BUOOB BBOAUMbBIX orpaHuquwﬁ BKIo4aloT
(em. [1D):

- KPUTMYECKME YCIOBUS;

- npaeuno Makceenna;

- KOHTPONb KPUBU3HbI UAearnbHbIX KPUBbIX;

- NONOXXUTENBHOCTb 3HAYEHUI TENNOEMKOCTEMN;

- paBuUIo NPSMONIMHENHOrO ANAMETPa;

- KOHTPONMPOBAHWE 3HAKOB NPOU3BOAHbLIX ANSA PA3NUYHBIX TEPMOAUHAMUYECKUX BETTUYMUH.

3Tu orpaHuyeHmns obecneunBaioT «PU3n4eckytoy oOpPMy NOBEPXHOCTU COCTOSIHUS U YNy4LLAIOT 9KCTpa-
NONAUMOHHbIE BO3MOXHOCTU YPABHEHUA.

OnpeneneHue koadpduumeHToB PYC BLINOMHAT C NPUMEHEHUEM anropuTtma, NpeacTaBneHHoro B [1],
peanuayoLlero MeTos Cry4anHoro nomcka ¢ BO3MOXXHOCTbIO BO3BpaTa B Hayano npoueaypbl noucka npu He-
yaa4yHowm wware. Mpu 3ToM anroputm mMoauULMpYIOT BBEAEHMEM SNTEMEHTOB A€TEPMUHMPOBAHHOIO NOMCKa Ha
Liare KOPPEKTUPOBKM BENMYMHBI LUAra noncka u BbiIbopa HanpaeneHus noucka.

B anroputme [1] npUMEHSIOT aaAuTUBHLIA KPUTEPUN ONTUMANBHOCTM — MUHUMU3NPYEMbIA (DYHKLK-
OHan, NpeaCTaBnEHHbI B COOTHOLIEHUN (3), KOTOPbI 0Opa3yloT MYTEM CNOXEHUS BbIXOAHbLIX NapamMeTpos,
npeobpasoBaHHbIX kK 6ezpasmepHbIM crnaraemeiM. 3TO OCYLUECTBIAT C MOMOLLLIO BBEAEHUS HOPMUPYHOLLIUX
MHOXUTENe — BECOBbIX KoachduumeHToB. HopmmuposaHue BBOAAT ANA 06beaMHEHUSI HE CKONbKMX BbIXOAHbIX
napamMeTpoB — TePMOANHAMMYECKUX CBOICTB, UMEILLMX B OBLLEM Criy4ae pasnuyHyto pusnyeckyio pasmep-
HOCTb. MMHUMM3NPYEMBIN PYHKLMOHAMN COAEPXMUT criaraemMble, OTBETCTBEHHbIE 3@ TOYHOCTb annpoKCumMaLmu
pe3ynsTaTtoB U3MEPEHUn PasHOPOAHLIX AaHHBIX O TEPMOAUHAMUYECKUX CBOWCTBAX, a TaKke OrPaHUYEHus,
HaknaabiBaemMble B BUE HEPABEHCTB HA TEPMOANHAMUYECKYIO NOBEPXHOCTL. ANfOPUTM NPEACTABMAIOT Cne-
OYIOLUM COOTHOLUEHUEM

2
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S:ZWP-FPZ+ZWP~F§+ZWCV-FCZV+...+ZW0~F02, ©)

rae W— BecoBol KO9(ULMEHT ANA KaXXA0N ONbITHOW TOYKM;
F — dyHKUMs1, ucnonb3ayemas anst MUHUMUM3aummn OTKIIOHEHMIA.
Hanpumep, 4nA N30XOPHON TENTOEMKOCTU AaHHbIX, PYHKLMIO F, BbIMMCSAIOT N0 COOTHOLLIEHMIO
v

ch _ (C‘C;KCI'I _ C\r/;acq)/c‘:/mcn. @)

KeaapatuuHble dyHKUMU ANA APYruX TEPMOAMHAMUYECKUX CBOMCTB MUMEIOT aHanormyHbli Bua. Fy —
OYHKLMSI, yYUUTBIBAIOLLASA PA3NUYHbIE OrPaHUYEHNUS HA 0OMAacTb U3MEHEHNS NEPEMEHHbIX.

BecoBoit koachpuumneHt W ana kaxkaon BbIGpaHHON 3KCNEpPUMEHTAaNbHON TOUKM HasHa4arT UHAUBM-
AyanbHO C YY4eTOM TUNa AaHHbIX, 06MacTu COCTOAHMI U TPeOyeMOn TOMHOCTU. TunuvHoe 3HaveHue W ans
JaHHbIX P, p, T ¥ AaBNEHUA HaCbILEHHbIX NapoB coctaenset 1, ana tennoemkoctu — 0,5, Ans ckopocTu
3Byka — 1.

M3 cooTHoweHusa (3) criegyeT, YTO OrpaHMYeHust BBOAAT B BUAE JOMNOMHUTENbHbIX CraraemslX B MUHU-
MU3UpPYeMbIi pyHKUMOHaN. Hanpumep, Ans KOHTPONsA 3Haka NPOWU3BOAHONM KakoW-nmbo TepMoaMHaMUYECKO
BENUYMHbI YUCMEHHO BbIMUCMSAIOT NPOM3BOAHYIO HA OCHOBE PACYETHLIX 3HAYEHUI MO YPAaBHEHMUIO COCTOSIHUSA,
COXPaHEeHHbIX Ha nocneaHux utepauusx. MNocne 3Toro BbIMMCNEHHOE 3HAYEHWE NPOU3BOAHON MO COOTBET-
CTBYIOLLIEMY CBOWCTBY B 6€3pa3mMepHOM BUAE C COOTBETCTBYIOLLMM BECOBLIM KOS(PDULMEHTOM BKIIOHAETCH B
KBaApaTU4YHbIA (DYHKLUMOHAN CO 3HAKOM, MPOTMBOMONOXHLIM 3a4aHHOMY. 3aMeHa 3Haka Ha NPOTUBOMOJIOXK-
Hblii 3HaK OCYLLECTBMAETCA ANA TOro, 4Tobbl NpU NPaBMLHOM 3HaKe MPOM3BOAHONM 3TO OrpaHudeHue He
BMMANO Ha pyHKumoHan (3).

OrpaHuyeHns He BNUAIOT Ha KPUTEPUIA ONTUMAaNbLHOCTM A0 TeX Mop, Noka napameTpbl HaxoaaTcs B 06-
nacTu AOMyCTUMbIX 3Ha4YeHuii. CTOUT U3MEHUTb NapameTp Takum 06pasom, YTO OH NepeceyeT rpaHuy, ABU-
>KEHWE MO TPaeKTOPUU MUHUMU3aLMK HEMEATEHHO NpekpalyaeTcs. 3Ta npoueaypa npoaoskaeTcs nnotb 40
BO3BpAaLLEHUs MapamMeTpoB B 00nacTb AONYCTUMbIX 3HAYEHUN.

Bnok-cxema NpuHATOro anroputMa npeacraeneHa B [1].

B MUHUMKU3MpYEMBII DYHKLMOHAN BKIOYAKOT HECKOMbLKO CraraeMbiX, KaXKa0€e U3 KOTOPbIX OTBETCTBEHHO
3a onpeaereHHyto kateroputo obpabdarbiBaeMbix TEPMOANHAMUYECKUX XapakTepucTuk (cm. [1]).

Onsa pacyeTHOro onpeaeneHus 3Ha4eHnit TEpMOAMHAMUYECKUX CBONCTB (pTopOeH3ona Ncnons3yT ns-
BECTHble AudpdepeHLmanbHble COOTHOLEHUA TepmoanuHamukn (5)—(10).

KoatbdpmumeHTsl M nokasaTenu CTeneHu npu Temnepatype u nioTHOCTU ONTUMU3UPOBAHHON hopMyrne
(2) npeactaenexbl B [1]. Mpoueaypa noctpoeHus PYC Gonee noapo6HO onucaHa B [1].

TepmoanHaMmuyeckne cBoncTea hropbeH3ona paccunTLIBAKOT MO CNEAYIOLMM COOTHOLLEHUSM:

- NNOTHOCTb
pRLT =1+ 3af; (%)
- BHTanbnNusa
%:1+T(a8+0¢2)+5a5; ©)
- BHTponus
R =T +al) =00 —ar; @
- U30X0pHaA TennMOeEMKOCTb
S L 200 yol ), ®
A o 0

- nsobapHas TennoemKoCTb

c
p_ _2¢,0 r
i T (OL”+OL”

2
(1+ 30§ — dtofy, )~ .
1+ 280§ + Szocg5 ’

©)
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- CKOPOCTb 3BYyKa

2
2= =1+ 20af +%al;

1+ daf — dtaf,
2l +al) (10

TA€ HWXHWIA MHOEKC npu KO3MMULMEHTE «a MOKa3biBAET YaCTHYI0 NPOU3BOAHYI0 NO COOTBETCTBYIOLLEN
nepemMeHHoMN.

3a TepMoAMHAMMYECKOE Hayano OoTcyeTa Mpu COCTaBfeHMM Tabnuy TepMOAMHAMMYECKUX CBOWCTB
hbTopbeH3ona NPUHATO COCTOAHUE PAaBHOBECHOTO MOMEKYNAPHOro Kpuctanna npu temneparype 0 K. 3Haue-
HUS SHTanNbMUN hy U SHTPOMUMN Sy BO BCMOMOTaTeSbHOM TOUKE OTCYETA HA NUHWUK HACLILLEHMS XWAKON ha3bl
npu Temneparype T, = 298,15 K onpeaeneHsi B [1] kak hy = 356,96 kb - k!, 55 = 2,1429 ki - k" - K-1.

3.2 KoachdhuuumeHTbl nepeHoca

3.2.1 KoadhpumumeHT BA3KOCTH

TabnuyHble 3Ha4YeHns K03MULUEHTOB NEPEHOCca ONPeaensioT Mo AMNMPUYECKUM YpaBHEHUAM, pa3pa-
60TaHHBIM Ha OCHOBE Hanbonee HaAeXHbIX IKCNEPUMEHTaNbHbIX AAHHBIX U anPOBUMPOBAHHBLIM HA NPAKTUKE.

Ons pacyeToB 3HaYEHWN KOIPMPULMEHTa AUHAMUYECKON BA3KOCTU UCMONb3YIOT ypaBHEHUE, Npeano-
XeHHoe [1].

np.T) =m°(TM)+n"(3,7), (1)

rae n°(T) — BA3KOCTb PaspeXeHHOro rasa npu HyneBoi NOTHOCTY;
1/(8,T) — M3BLITOYHAS BA3KOCTb.
BsiskocTb paspexeHHoro rasa 1n°(7) onpeaensior no ypaBHeHusaM (cum [1])

0, _ 0,021357(MT)V2
il (T) - GZS;(T*) ) (12)
* 2 * i
'”Sn =§Jo¢i(lnT ), (13)

rae BAsKkocTb 1°, MklMa-c;
M = 96,102 — macca KunomMmons, Kr/kMonb;
T — Ttemneparypa, K;
0 — INUHElHbIN MacwTabHbIi NnapaMeTp noteHumana JleHHapaa — [PKOHca, HM;
&/kg — dHepreTuyeckui MacLITabHbIN NapaMeTp;
K S;‘] — MpuBeAeHHbI 3 PEKTUBHBIN UHTErPAN CTONIKHOBEHMI, annPOKCUMUPOBAHHLIN ypasHeHueM (13);

T* — npueeaeHHas Temneparypa T = kg Tle.
N36LITOUHYIO BA3KOCTb annpoKCUMUPYIOT YpaBHEHUEM

n
' @7) = Y Nii8% exp(-8%), (14)
i=
rae t=TJT,

8= plp,.
MNOTHOCTbL pacCUMTLIBAIOT MO PyHAAMEHTANbLHOMY YPABHEHUIO COCTOsIHUSA (2). B Tabnuue 1 npuBeaeHbl
napameTpbl ypaBHeHui (12) u (13) ana pacyeTta BA3KOCTU pa3peXeHHOro rasa.

Tabnuuya 1— NapameTpbl ypaBHeHWi (12) n (13) ans pacyeTa BA3KOCTU pa3peXeHHOro rasa

dgy oy G (HM) glkg (K)
0,45753756 —0,47213274 0,556 401,011

[Nouck koadppuLmMeHTOB U NokasaTenen cteneHn Npu Temneparype U NNOTHOCTU ypaBHeHus (14), a Tak-
e koapuumeHToB npuseaeHHOro achEKTUBHOIO MHTErpana CTonkHOBeHUN (13) oCyLLIeCTBRAIOT METOAO0M
CnyyaiHoro noucka ¢ BO3BpaTom Npu HeyaadHom Lwar. Mpu noncke ko3ahPULUEHTOB BBOAATCA OrPpaHUYEHUSA
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Ha OpMy MOBEPXHOCTU COCTOAHMSA, 0BecneunBaloLLUME «npaBUMbHBIE» 3HAKW NPOU3BOAHLIX U TEM CambiM
yNyyLLatoT 9KCTPaNoNsALMOHHbIE BO3MOXHOCTM ypaBHeHus. Bonee nogpobHo meToa onucad B [1]. B Tabnuue 2
npusegeHbl KOAPPUUNEHTBI U NoKasaTenu cteneHn ypasHeHus (14).

Tabnuuya 2— KoadhMUMEHTEI M NoKasaTenu cTeneHun ypasHeHus (14)

i Ni tl d/ l/
1 0,245755249417 - 10! 6,9659 1 0
2 0,221268341035 - 102 1,4138 2 0
3 0,961261217436 - 10° 0,2481 5 1
4 0,836014986618 - 101 6,5584 3 1
5 -0,414575755019 - 101 2,9044 9 2
6 -0,201395922248 - 101 9,9176 7 2
7 -0,163179368467 - 102 2,4882 6 3

CpeaHasa HeonpeaeneHHOCTb OnucaHus KoadduuUeHTa AUHAMUYECKOM BA3KOCTM NO YpaBHEHUAM
(11)—(14) coctaenset 1,84 %. YpaBHeHua (11)—(14) He yuMTbIBAIOT KPUTUUECKYIO aHOMAIUIO BA3KOCTH, KO-
TOopas He uccnegosaHa aAnsa dropbeHsona. Pe3ynbrarbl CpaBHEHUSA paCHETHLIX AAHHBIX C UMEIOWUMUNCA KC-
nepuMeHTanbHbIMM AAHHLIMU BA3KOCTU NpeacTaBnieHbl B [1].

3.2.2 KoadpduumneHT TENNIONpoOBOSHOCTU

PacueTHoe onpeaeneHue 3HauyeHwii koadduuueHTa TennonposogHoctu gropbersona A(p, T) NpoBo-
AT cornacHo [1] Ha 0CHOBE NPUMEHEHUS AMMUPUYECKOTO YPaBHEHUSA BUAA

Mp,T) =20(T) + 17 (3,7), (15)

rae A°(T) — TennonpoBOAHOCTb PA3PEXEHHOTO rasa Npu HyNeBOW NMOTHOCTH,
M (0, T) — n3bbITOYHasa TENNONPOBOLHOCTL;
6= plp,
=TT,
P, T,— ONOPHbIE 3HA4YEHUSA NNOTHOCTU M TEMMEPATYPbI (MPUHUMALOT KpUTHYeckue 3Hadenus 7,=560,10K;
P = 3,721 kmorb/m3).
TennonpoBOAHOCTb Pa3PEXEHHOr0 ra3a onpeaesnsitoT No ypaBHEHNIO
0
2O(T) = Ny {%} +Nyt2 + Nge'3, (16)
rae 1M°(T) — BA3KOCTb Pa3peXXeHHOro rasa npu HyneBoi NNOTHOCTU, MKIa-c.
M36bITOYHYIO TEMMONPOBOAHOCTb annpoOKCUMUPYIOT ypaBHEHUEM

n
M (3,7) =D N;Tlis% exp(-8"). “an
i=4

Mounck koadhhnLUMeHTOB 1 NoKasaTenel CTeneHu Npu TemnepaTtype U NNOTHOCTM ypaBHeHui (16) u (17)
OCYLLECTBAAT METOAOM CMy4alHOro NOUCKa ¢ BO3BPATOM MpU Heyaa4vHOM Luare, KOTopblil nogpoGHO onucaH
[1]. Tarke BBOAATCA OrpaHu4eHus, o6ecnevnBaloLLme «nNpaBufbHbIN» 3HaK NPou3BoAHbIX. KoadduumeHnTsl n
nokasarenu creneHu ypasHeHuin (16) u (17) npencraesneHsl B Tabnuue 3.

Tabnuya 3 — KoadpuuneHTsl u nokasaTenu cteneHu ypasHeHui (16) u (17)

i N; 7 q; /j
1 0,2162004312 - 102 — — —
2 -0,11545188136 - 108 -1,89305 — —
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OkoH4aHue mabnuubi 3

i N; t g, I;
3 0,13635904193 - 103 —2,06653 — —
4 0,106237174331 - 10! 0,66027 4 0
5 0,312275332356 - 10! 0,38437 3 0
6 -0,818328501199 3,11308 5 1
7 0,252365959576 - 102 6,85567 7 2
8 -0,118106825548 - 102 6,30143 8 2
9 —0,349625585678 - 102 9,14236 3 2

CpeaHsisa HeoNpPeAEneHHOCTL ONMCAHUS 3KCNEPUMEHTaNbHbIX JaHHLIX ypaBHeHusAMU (15)—(17) cocTas-
NSIeT COOTBETCTBEHHO 0,572 %. YpaBHeHUs (15)—(17) HE yUMTbIBAIOT KPUTMYECKYIO aHOMAasUIO TENNONPOBO-
JIHOCTHU, KOTOpasi 3KCNEPUMEHTANBLHO He uccrneaoBaHa Ans ctopbeHsona. PaccumtaHHble 3Ha4eHUs koadhdu-
LIMEHTOB AMHAMMYECKON BA3KOCTM U TENNONPOBOAHOCTU dTopbeH3ona B ogHOMAa3Ho 06nactu U Ha NMHUK
HacblILLEHWA NpeacTaBneHbl B TabnuyHon gopme B [1].

4 AHanu3 1 oTéop akcnepuMeHTanbHbIX AaHHbIX

4.1 [aHHble 0 TepMOgMHAMUYECKUX CBOMCTBaxX hpTopOeH3ona

[N OLEHKU TOYHOCTU pacueTHbIX 3HAYEHU U aHanm3a pas3paboTku pacyeTHbIX YPaBHEHUI NPOBOASAT
aHanus u oTéop pasHOPOAHbLIX 3KCTepPUMEHTAaNbHbIX AAHHLIX O TEPMOANHAMUYECKUX CBOWCTBAX hTOpOEH30-
na, nonyyYeHHbIMU pasfu4YHbIMKU aBTOpamu. 3aTem MPOBOAAT CPABHUTENbHLIN aHANU3 IKCNEePUMEHTaNbHbIX
[aHHbIX C AaHHbIMU, NOMyYeHHbIMM NO PYC. PesynbraThl CPABHEHUA AAHHLIX O TEPMOAUHAMUYECKUX CBOM-
cTBax hTopbeH3ona co 3HauYeHusIMMU, paccumtanHbiMu no ®YC, npeacrasnensl B [1], B Tabnuue 6.1 u Ha
pncyHkax B.1—B.3, Ha KOTOPbIX MOKAa3aH XapaKkTep OTKIMOHEHUA IKCMEePUMEHTAarbHbIX JaHHbIX OT PaCYETHbIX
3HaYeHuin.

4.2 NaHHble 0 k03¢ duumeHTax nepeHoca propoeH3sona

[Ons aHanu3a pa3paboTku pacYETHbLIX YPABHEHUI U OLIEHKN TOYHOCTU PACHETHBIX AaHHbIX O AUHAMUYE-
CKOW BA3KOCTU (hTopBGEH30Ma UCMNONb3YIOT MaCCUB 3KCMEePUMEHTAarbHbIX AaHHbIX C YMCTOTON 06pasya 99,92 %,
npeacraeneHHbli B [1]. AuHamuyeckyio BA3KOCTb hropOeH30ma nccneayior B NnapoBon, XXUAKON, KPUTNHECKON
M CBEPXKPUTUYECKON 0ONnacTsx napameTpoB COCTOAHMSA, B uHTepBane aasnenun ot 0,1 no 40 MMa, B ana-
nasoHe Temneparyp oT HopManbHOM TeMnepaTtypbl kunexHusa ao 623,15 K. MamepeHus npoBoASAT METOAOM Bbl-
HeCeHHOro kanunnsapa. HeonpeaeneHHOCTb 9KCNEPUMEHTAsIbHOTO onpeaeneHus BaskocTu cocrasnset 1,2 %.
B 1abnuue B.2 (cMm. [1]) npeacTaBneHsbl pe3ynsTaThl CPABHEHUSI IKCMEPUMEHTArNbHBIX AaHHLIX Pa3sHbIX aBTo-
pPOB C PACCUUTAHHLIMU 3HAYEHUAMU N0 YPABHEHUAM.

Ons o6pabotkn koapduymeHTa TeNNONPOBOAHOCTU B NEPEMEHHbIX TeMnepaTtypa — MNOTHOCTb, UC-
NONb3ylOT YPaBHEHUS1 COCTOSIHUSI U MACCUB 3KCMEPUMEHTATNbHbIX JaHHbIX, MPEACTaBneHHble B [1].

5 OueHka AOCTOBEPHOCTU PacyeTHbIX 3HaYeHU CBOUCTB pTopbeH3ona

5.1 Pe3ynkraTtbl OLEHKN AOCTOBEPHOCTU PpacUeTHbIX 3HaYeHU TepMOAUHAMUYECKUX CBOMCTB
¢Topbensona

BernuuuHbl HEONPEAENEHHOCTU PACHETHBIX 3HAYEHWI TEPMOAMHAMUYECKUX CBOINCTB ¢hTopbeHsona ove-
HUBAIOT MO pe3ynbratam CpaBHEHUS C Haubonee HaaeXHbIMU IKCMEPUMEHTaNbHbIMM AaHHLIMU. OLIEHKN,
npeacrasneHHbie B [1], AaHbl: Ansa xuakon gasel: T< T, p > 1,3p,, Ans rasosoi casel: T< T, p<0,7p., Ans
ceBepxkputuyeckoro dniouaa: 7> T, BKNIOYAA KPUTHYECKYIO oOnacTe: 7,< T< 1,057, 0,7p,< p<1,3p,.

B tabnuue 4 (cMm. [1]) AaHa oLEHKA HEONPeAEnNEeHHOCTEN PACYETHLIX 3HAYEHUN TEPMOAUHAMUYECKNX
cBoicTB propbeHs3ona, a nonsi HeonpeaeneHHocTen npuBeaeHsbl B Tabnuuax B.5—B.7. B HacTosweM cTaH-
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Aapre OueHKa HeonpeaeneHHOCTEN PaCyETHLIX 3HAYUEHU TEPMOAUHAMUYECKUX CBOMCTB M NONS Heonpeae-
neHHocrel ¢pTopbeHsona npeacrasneHbl B Tabnuuyax 4—5, 6—7

Ha pucyHkax 5.1—b.3 (cm. [1]) npoaeMOHCTPUPOBaAHBLI OTKSIOHEHUA 3KCNEPUMEHTASbHbLIX AAHHBLIX O
NNOTHOCTM ra3oBoi hasbl, O AABNEHUM HACBILLEHHBLIX NapoB, O CKOPOCTU 3Byka (propbeHsona or paccyu-
TaHHbIX AaHHbIX N0 ®YC. Ha pucyHke 6.4 (cm. [1]) nokasaH xoa uaeanbHbiX KpuBbIX hropbeH3ona. Ha aua-
rpammax 6.5—b.7 (cm. [1]) npoaeMOHCTpMpoBaHbl MOBEPXHOCTU COCTOSIHUA OCHOBHBLIX TEPMOANHAMUYECKUX
cBONCTB (propBGeH3ona, NocTpoeHHbie No ®YC. Bup sTux noBEPXHOCTEN CBMAETENbCTBYET O XOPOLLUX UHTEP-
NONSALUMOHHBIX U IKCTPANONSLMOHHBLIX CBOMCTBaxX hropbeH3ona, paspaboraHHoro dYC.

Tabnuya 4 — OueHKN HEONPEAENEHHOCTU pacYETHLIX 3Ha4YeHU TepMoagUHaMMYeckux cBoUCTB propbeHsona

HeonpeaeneHHocTb, %, B obriactu
Ceonctso
>KuakocTtb las CBepxKpUTYECKUi chrirong

Py — 0,2—1,0 —
[of 0,1—0,5 — —
Py — 1,0—2,0 —

p.p. T 0,2—0,4 1,0—2,0 0,515
Cp 0,5—1.,0 1,0—2,5 5,0—15,0
C, 1,0—2,0 1,0—2,5 5,0—15,0
w 0,5—1,0 — —

Tabnuua 5-— Nons HeonpeaeneHHOCTM pacyeTa MIOTHOCTHU P

P, TemnepaTypa, K
MMa | 235 | 200 | 350 | 400 | 450 | 500 | 530 | 550 | s60 | 570 | 500 | 620 | 650 | 700
0,5 0,30 | 0,10 | 0,10 | 0,10 | 0,50 | 0,40 | 0,40 | 0,40 | 0,50 | 0,50 | 0,60 | 0,80 | 1,00 | 1,00
1,5 0,30 | 0,10 | 010 | 010 | 0,12 | 060 | 0,50 | 0,50 | 0,50 | 0,50 | 060 | 0,80 | 1,00 | 1,00
30 | 030|010 | 010|010 | 012 | 015 | 1,00 | 0,60 | 0,60 | 0,60 | 0,70 | 0,90 | 1,10 | 1,10
50 032|012 | 015 | 015 | 0,15 | 0,177 | 0,30 | 0,50 | 0,70 | 0,90 | 0,80 | 1,00 | 1,10 | 1,10
10,0 | 0,35 | 015 | 0,15 | 0,15 | 0,45 | 0,20 | 0,30 | 0,50 | 0,75 | 0,95 | 1,00 | 1,10 | 1,20 | 1,20
500 | — [ 020 020 020|020 ] 030]|040]| 06 | 080|100/ 1,10 120 | 1,30 | 1,30

1000 — | 030 ] 030 030|030 040|050 070 09 | 110 | 120 | 1,30 | 1,40 | 1,50

Tabnuya 6—ons HeonpefeneHHOCTU pac4eTa U306apHOI TeNNoeMKoCTH C,,

P Temnepatypa, K

MMa | 235 | 290 | 350 | 400 | 450 | 500 | 530 | 550 | 560 | 570 | 500 | 620 | 650 | 700

0,5 0,50 | 0,50 | 0,50 | 0,60 ( 1,20 | 1,00 | 1,00 | 1,00 | 1,00 [ 1,00 | 1,00 | 1,00 | 1,00 [ 1,00
1,5 0,50 | 0,50 | 0,50 | 060 [ 1,00 | 1,70 | 1,50 | 1,20 | 1,170 [ 1,10 | 1,10 | 1,10 | 1,10 [ 1,10
3,0 0,50 | 0,50 | 0,50 | 0,60 [ 1,00 | 1,50 | 2,50 | 2,00 | 2,00 ( 2,00 | 1,50 | 1,30 | 1,40 | 1,50
5,0 060 | 060 | 060 | 0,70 | 1,00 | 1,50 [ 2,00 | 5,00 | 6,00 ( 5,00 | 2,00 ( 1,50 | 1,50 [ 1,70

10,0 | 0,60 | 060 | 060 | 0,70 | 1,00 | 1,20 | 1,50 | 1,50 | 1,50 | 1,50 | 1,50 | 1,50 | 1,50 | 1,80
50,0 — 070070 |08 | 110 | 120 | 1,30 | 1,40 | 1,50 | 1,60 | 1,70 | 1,80 | 1,90 | 2,00
1000 | — 070 {070 080|110 | 1,30 | 1,40 | 1,50 | 1,50 | 1,60 | 1,70 | 1,80 | 1,90 | 2,00
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Ta6nuua 7 — Nons HeonpefeneHHOCTH pacyeTa CKOPOCTU pacrpocTpaHeHUs 3Byka w

p Temnepatypa, K

Mn 235 290 350 400 450 500 530 550 560 570 590 620 650 700

0,5 1,00 { 0,50 | 0,50 | 0,50 | 1,50 | 1,50 | 1,40 | 1,40 | 1,40 | 1,40 [ 1,40 | 1,40 | 1,40 | 1,40
1,5 1,00 | 0,50 | 0,50 | 0,50 | 1,00 | 2,00 | 1,90 | 1,80 [ 1,70 | 1,60 [ 1,50 | 1,50 | 1,50 | 1,50
3,0 1,00 | 0,50 | 0,50 | 0,50 | 1,00 | 1,80 | 3,00 | 250 | 2,00 | 190 | 1,80 | 1,70 | 1,60 | 1,60
5,0 1,20 | 0,50 | 0,50 | 0,50 | 1,20 | 1,50 | 2,50 | 3,00 | 3,00 | 2,00 | 1,90 | 1,80 | 1,80 | 1,70
10,0 | 1,30 | 0,60 | 060 | 0,60 | 0,90 | 1,00 | 1,20 | 1,30 | 160 | 160 | 1,60 | 1,60 | 1,70 | 1,80

50,0 — 0,60 | 0,80 | 0,80 | 0,90 | 0,90 | 1,20 | 1,30 | 1,50 | 1,60 | 1,60 | 1,60 [ 1,70 | 1,90
100,0 — 1,00 | 1,00 { 1,00 | 1,00 | 1,00 | 1,20 | 1,30 | 1,50 | 1,60 | 1,60 | 1,60 | 1,70 | 2,00

5.2 Pe3ynbraTbl OLIEHKM 4OCTOBEPHOCTU pacYeTHbIX AaHHbIX 0 KO3 PuumneHTax nepeHoca

Mona HeonpeaeneHHoCTeW pacyeta k03ahULUMEHTOB NepeHoca npeacrtasneHsl B Tabnuuax 6.8, 6.9
(cm. [1]). B HacTosilwem cTanaapte — B Tabnuuax 8, 9. Ha anarpammax 5.8, 5.9 (cm. [1]), npoaemoHcTpu-
pPOBaHbl NOBEPXHOCTU COCTOSIHUM UHTEPMOMNSILIMOHHBIX U 9KCTPANONALMOHHbIX BO3MOXHOCTEN YPaBHEHMWIA NO
BA3KOCTU U TENNONPOBOAHOCTU. AHANU3 pe3ynbTaTtoB OTKNOHEHMI SKCNEPUMEHTAaNbHbIX AAHHbIX NOKa3bIBAET,
YTO BeposATHasi HeonpeaeneHHOCTb pacyeTa koadduuueHTa TennonpoBoaHOCTU hTtopbeHsona cocrasnseT
2,0—2,5 %. HeonpeaeneHHOCTb 9KCMEPUMEHTANbLHOrO onpeaerneHus AUHaAMU4ecKon BSI3KOCTU COcTasnseT
2 %.

Tabnwuua 8— Nons HeonpegerneHHOCTH pacieTa KoahdULMeHTa TeNoNpPoOBOAHOCTY A

P, Temnepatypa, K
Mra 235 290 350 400 450 500 530 550 560 570 590 620 650 700
0,5 2,50 | 2,00 | 2,00 | 2,00 | 1,60 | 1,50 | 1,50 | 1,50 | 1,50 | 1,50 | 1,50 | 1,60 | 1,70 | 1,80
1,5 2,50 | 2,00 | 200 | 200 | 210 | 1,70 | 1,60 | 1,60 | 1,60 | 1,70 | 1,70 | 1,80 | 1,80 | 1,90
3,0 2,50 | 2,00 | 2,00 | 2,00 | 210 | 2,20 | 1,80 | 1,70 | 1,70 | 1,80 | 1,80 ( 1,90 | 1,90 | 2,00
5,0 2,50 | 2,00 | 2,00 | 2,00 | 210 | 210 | 2,10 | 210 | 210 | 2,10 | 2,00 | 2,00 | 2,00 | 2,10
10,0 | 2,50 [ 2,00 | 2,00 | 2,00 | 210 | 220 | 220 | 2,30 | 2,30 | 2,30 | 220 | 2,20 | 220 | 2,20
50,0 — 210 | 210 | 210 | 2,20 | 2,30 | 2,40 | 240 | 240 | 240 | 240 | 240 | 2,40 | 240
100,0 — 2,20 | 220 | 220 | 2,30 | 230 | 2,40 | 240 | 240 | 250 | 2,50 | 2,50 | 250 | 2,50

Tabnuuya 9—Tlons HeornpeaeneHHoOCTH pacyeTa KoapdnLMeHTa ANHaMUYECKo BASKOCTU

Temnepatypa, K

MMa | 235 | 200 | 350 | 400 | 450 | 500 | 530 | 550 | 560 | 570 | 590 | €20 | 650 | 700
0,5 5,00 | 200 | 2,00 | 2,00 | 2,00 | 2,00 | 2,00 | 2,00 | 2,00 | 2,00 | 2,00 | 2,00 | 2,00 | 2,00
1,6 | 500 | 2,00 | 2,00 | 2,00 | 210 | 220 | 2,10 | 2,10 | 210 | 210 | 2110 | 2,10 | 2,10 | 2,10
3,0 5,00 | 2,00 | 2,00 [ 200 | 2,00 | 2,30 | 2,20 | 220 | 2,20 | 220 | 2,20 | 2,20 | 2,20 | 2,20
50 500 | 2,00 | 200 | 200 | 2,10 | 2,50 | 3,00 [ 500 | 500 | 3,00 | 2,30 | 2,30 | 2,30 | 2,30
10,0 | 500 | 210 | 210 | 2,10 | 220 | 2,20 | 2,50 | 3,00 | 3,00 | 2,80 | 2,70 | 260 | 2,60 | 2,60
500 | — | 220|220 | 220|230 230 | 240 | 2,40 | 2,50 | 2,50 | 2,60 | 2,70 | 2,70 | 2,80
1000 | — | 2,30 | 230 | 2,30 | 2,40 | 2,40 | 2,50 | 2,50 | 2,60 | 2,60 | 270 | 2,80 | 2,90 | 3,00
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OLEHKN AOCTOBEPHOCTU pPaCYETHbIX 3HAYEHUIH TENNOMUINYECKUX CBOKCTBaX hTopOeH30na Ha NMHUK
PaBHOBECUA «KUAKOCTL — ra3» npegcraeneHbl B Tabnuue B.10 (cM. [1]). B HacToAweM cTaHaapTte nons He-
onpeaeneHHoCTU pacyeta TennoduUn4ecknx CBOMCTB PTopOeH30na Ha NIMHUM PaBHOBECUS «KUAKOCTb-ras»
npuseaeHbl B Tabnuue 10.

Tabnuua 10 — MonsA HeonpegeneHHOCTU pacyeTa TeNodUsNYecknx cBOMCTB hTopbeH3ona Ha NMHWUKU paBHOBECUS
WKUAKOCTb — ras»

T | 8, | 8 | S, | 8Cy | dcy, | sm | 8, | sam, | 8w, | & | oaw, | aw

K % % % % % % % % % % % %
235 | 150 | 0,30 | 1,50 | 050 | 050 | 040 | 040 | 1,00 | 250 | 200 | 500 | 2,00
290 | 050 | 010 | 050 | 050 | 050 | 041 | 041 | 050 | 200 | 150 | 200 | 200
350 | 030 | 010 | 080 | 050 | 100 | 042 | 042 | 100 | 200 | 150 | 200 | 200
400 | 030 | 010 | 070 | 060 | 120 | 043 | 043 | 1,00 | 200 | 150 | 200 | 2,00
450 | 040 | 012 | 050 | 1,00 | 150 | 044 | 044 | 100 | 210 | 160 | 200 | 2,00
500 | 0,50 | 0,15 | 1,00 | 1,50 | 170 | 045 | 045 | 150 | 220 | 1,70 | 210 | 210
530 | 0,70 | 020 | 1,50 | 2,00 | 250 | 046 | 046 | 1,70 | 2,30 | 1,80 | 220 | 220
540 | 1,00 | 050 | 200 | 600 | 600 | 048 | 048 | 200 | 240 | 19 | 230 | 230
550 | 1,30 | 1,00 | 300 | 700 | 700 | 050 | 050 | 250 | 250 | 200 | 240 | 240
555 | 1,50 | 150 | 4,00 | 100 | 100 | 060 | 060 | 300 | 300 | 250 | 250 | 250

WTorosble 3Ha4eHUsi TEPMOAMHAMUYECKUX CBOMCTB U KO3hMLMEHTOB NEpeHoca dpropbeHsona B 04HO-
chasHoli 06nacTu U Ha NUHUW HACILLEHWUA NpeacTaBneHsl B [1], B Tabnuuax CTaHAAPTHbLIX CNPABOYHbIX AaH-
Hbix B.3, B.4.
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Buonuorpadusn
[1] rCCCh 367 — 2020. GropbeHson. Tennodusndeckme cBoiicTBa (MMOTHOCTL, TENMOEMKOCTb, 3HTaNbMWA, 3HTPOMNWUS,

CKOPOCTb 3BYKa, KO3(PULIMEHTHI TEMIONPOBOAHOCTU U BA3KOCTW) B ANana3oHe TemnepaTypel OT TPOWHOWR Tovku Lo
700 K npu gaBneHuax go 100 MMa. — M: Oy «BHUMMC», 2020. — 60 c.
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YK 547.216:536.7:006.354 OKC 07.030

KnioueBble cnoBa: rocyaapcTBeHHasi cuctema obecneyveHns eauHCTBA M3MEPEHUI, CTaHAapTHbIE CrpaBoY-
Hble AaHHbIE, XXUAKKWI U ra3o00pasHbiii PTopbeH30n, TepMoaANHAMUYECKME CBONCTBA, KOIhULUEHTbI ANHA-
MMWYECKOMN BA3KOCTU U TEMNONPOBOAHOCTH
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