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[lpeagucnoBue

Llenn 1 npuHumMnel ctTaHgapTusaunm B Poccunckon ®egepauum yctaHosneHsl PegepanbHbiM 3aKOHOM
oT 27 aekabps 2002 r. Ne 184-P3 «O TeXHNYeCKOM perynmpoBaHni», a npasuna npuMeHeHUs HaunoHanbHbIX
ctaHaapToB Poccumnckon ®egepaumm — FrOCT P 1.0—2004 «CTtaHaapTnsaumnda B Poccunckon Pegepadinin.
OCHOBHbIE NONIOXEHUA»

CBeaeHUA o0 cTaHpapTe

1 NOAIrOTOBIIEH ®egepanbHbiM rocygapCTBeHHBIM YHUTAPHBLIM npednpuatmemMm «POCCUUCKUN Ha-
YYHO-TEXHUYECKUN LeHTPp UHdopMaLun no ctaHgapTusauumn, MeTpornorMm U oueHke cootBeTcTBUA» (Pl YT
«CTAHOAPTVNH®OPM») Ha ocHOoBe CODCTBEHHOrO ayTeHTUYHOro nepeBoda Ha PYCCKUW SI3bIK cTaHaapTa,
yKasaHHOro B NyHkTe 4

2 BHECEH TexHu4yecknm kommntetom no ctaHaaptusaumm TK 180 «[ ocynapcTBeHHas cnyxba ctaHaap-
THBIX CNPaBOYHbIX AaHHBIX»

3 YTBEP>XOEH N BBEAEH B JEVCTBWE Mpukazom defepanbHOro areHTcTea no TEXHUYECKOMY pe-
r'yNnupoBaHuto U metponornm ot 15 gekabpsa 2009 r. Ne 104 3-cT

4 Hactodawmn ctaHgapT asndeTtcd MoaAUnPUUNPOBAHHBIM MO OTHOLIEHUIO K MeXAyHapoaAHOMY CTaH-
aapty NCO 20765-1:2005 «las npupogHbin. PacyeTHoe onpeaeneHve TepMoAMHaMUYeCKUX CBOWUCTB.
YacTe 1. CBoUCTBa rasoBou pasbl ANd Leneun TpaHcnopTupoBaHna 1 pacnpegenerdud raza» (ISO 20765-1:2005
«Natural gas — Calculation of thermodynamic properties — Part 1. Gas phase properties for transmission and
applications») nytem MsMeHeHus ero CTpYKTYpbl 4N npuBedeHNUda B COOTBETCTBME C NpaBuiaMi, yCTaHOBNEHHbI-
MBI OCTP 1.5 (nogpasgensi 4.2 4.3), a Takke NnyTemM UaMeHeHUa otaenbHeIX dopas (CnoB, 3Ha4YeHUA, nokasa-
TeNnen, CCbINoK), KOTOPLIE BblAeNeHbl B TEKCTE MONY>XUPHBIM KYPCUBOM.

BHeceHne ykaszaHHbIX TEXHUYECKNX OTKITOHEHNIN HanpaBneHo Ha y4eT 0cobeHHOoCTEN 0bbeKTa cTaHaap-
TU3aLUunn, XapakrepHoelx anga Poccunckon deagepalinn, a Takke CBA3aHO ¢ LenecoobpasHOCTbLIO NCNONb30Ba-
HUA CChINOYHBIX HaLMOHANbHLIX N MEXrocyaapCTBEHHbLIX CTaHOapTOB BMECTO CChINMOYHbIX MeXayHapoaHbIX
CTaHOapTOoB.

HaunmeHoBaHMe HacTodwero ctaHgapta MsMeHeHo OTHOCUTENbHO HAUMMEeHOBaHUA YKasaHHOIo MeXxay-
HapoaHoro ctaHgapTa anda npuseaeHus B cooteeTcTBme ¢ FOCT P 1.5—2004 (nogpasgen 3.5).

CpaBHeHUe CTPYKTYPbI HACTOALLEro ctaHgapTa Co CTPYKTYPOU yKa3aHHOro MeXxXayHapoaHoro ctaHgapTa
npuBeaeHo B ACNONHUTENBLHOM NpunoxeHun OA.

5 BBEOEH BI'NEPBbIE

VIHgbopMauus ob UMEeHeHUSIX K HacmosuwemMy cmaHoapmy nybrnukyemecs 8 eXe200H0 u3tasaeMoM UH-
opMaylIOHHOM yKa3zamerne «HalyuoHarbHbie cmaHoapmbi», a meKkcm U3MeHeHUU U rorpasoKk — B exeMe-
CSYHO U30asaeMbiX UHpOpMayUOHHbLIX yKalamernsax «HauuoHabHbie cmaHoapmbl». B cny4dae riepecmompa
(3aMeHbl) Unu ommMeHbl Hacmosuw,e2o cmaHoapma coomeemcemesyroujee yseoomreHue byoem onybriukoeaHo
8 eXXeMEeCSYHO u3oasaeMoM UHpOPpMalUOHHOM yKa3zamerne «HaluuoHanbHbie cmaHOapmabi». Coomeemcemay-
rouast UHgbopmMmauus, yeeooMiieHue U meKkcmal pazMelaromcess makxe 8 UHgbopmMayluoHHoU cucmeme obujea2o
ronb308aHUs — Ha oguyuanbHoOM calime PedepallbHo20 azeHmemaea 1o mexHU4eCcKoMy peaynupoeaHuro U
Memporsnoauu 8 cemu ViHmepHem

© CTtaHgapTuHdgopm, 2010

HacTtoawmnn ctaHgapT He MoXeT OblTb MOSHOCTLIO UMM YaCcTUYHO BOCTIPOU3BEAEH, TUPaXKUPOBAaH U pac-
MpocTpaHeH B KayecTBe oduLmanbHoro nsganua 6es paspeweHns PegepanbHOro areHTCTBa No TeXHUYECKo-
MY PeryimpoBaHno N MeTPOSIoru
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(MCO 20765-1:2005)

HAUMWOHANBbHBINW CTAHOAPT POCCUUCKOWN PEOEPALUMN

[ocypapcTBeHHasa cucteMa obecnevyeHUs egUHCTBa U3SMepeHUn

A3 MPUPOOHLIN
TEPMOANHAMUYECKUE CBOUCTBA TA30BOU ®A3bLI

MeToAabl pacyeTHOro onpeneneHua Ansa uenen TpaHcnopTupoBaHus
U pacnpepeneHuda rasa Ha ocHoBe (pyHAaMeHTanbHOro ypaBHeHus coctoaHua AGAS8

oState system for ensuring the uniformity of measurements. Natural gas. Gas phase thermodynamic properties.
Methods of calculation for transmission and distribution applications on base of the AGAS8 fundamental equation of state

Nata BBeaeHnsa — 2011—01—01

1 Obnactb NpMeHeHUA

HacTodawmnin ctaHaapT ycTaHaBNMUMBAET METOAbLI PpaCYETHOro onpeaeneHns TepMUYECKUX N Kanopuiecknx
CBOMCTB (TepMOANHAMUYECKNX CBONCTB) NPUPOAHOIo rasa, mod2omoesiIeHHOo20 0151 mpaHcrnopmupoeaHusi
U pacripedesnieHUs1 No Maz2ucmparsnbHbIM 2a30rpoeodamM, Npun YyCNoBUN ero HaxoXaeHUs TOMNMbKO B ra30BOU
drase.

CtaHaapT pacnpocTpaHaeTcsl Ha NoAroToOBMEHHbIe ANnd TpaHCNoOpTUPOBaHUA NO MarncTpanbHbIM raso-
NPOBOAAaM rasbl B AnanasoHax gaBneHunst p n TemneparTypbl f, Mpu KOTOPLIX HA NPaKTUKE OCYLLIECTBIISIHOT TPaHC-
NOpTUPOBAHUE U pacnpeaeneHune rasos.

2 HopMaTuBHbIE CCbINKN

B HacTosdlemM cTaHaapTe UCNONb30oBaHbl HOPMAaTUBHBIE CChINKU Ha crneayolne ctaHaapThl:

FOCT 8.417—2002 NocydapcmeeHHasi cucmemMa obecrieyeHuUs1 eQUHcmMea usmepeHuu. EQuUHuUUbI
ee/TuUYUH

[OCT 31369—2008 a3 npupoaHbIin. BelvmncneHne TennoThbl CropaHus, NMOTHOCTU, OTHOCUTENbHON
NIOTHOCTKH, Yncna Bobbe Ha oCHOBE KOMMOHEHTHOro cocTtasa (MCO 6976-1:1995, MOD)

[OCT 31371.1—2008 a3 npupoaHbii. OnpegeneHne coctaBa MeTOAOM ra3oBOU XpomMaTtorpadpum
oueHkon HeonpegeneHHocTU. HacTte 1. PykoBoAdCTBO no npoBedeHUo aHanusa (MCO 6974-1:2000, MOD)

[TpumedyaHwue—Illpn NoNb3OBaAHUN HACTOALWMM CTAHOAAPTOM LEenecoobpasHo NPOBEPUTb AENCTBUE CCbIMNMOM-
HbIX CTaHAaApPTOB B WHMPOPMaAUMOHHOW cucTeme oOWero nonb3oBaHusa — Ha odwuumanbHOM cante PeagepanbHOro
areHTCTBa No TEXHNYECKOMY PEryriMpoBaHuUIo N METPOIONMU B ceTn IHTEPHET nnu no eXXerogHo nagaBsaeMmomy MHpopma-
LMOHHOMY yKa3aTento « HaymoHarnbHble CTaH4APThI», KOTOPbLIM ONyONMKOBAH NO COCTOAHUIC HA 1 SIHBApSA TEKYLWEro roga, m
NO COOTBETCTBYIOWMM EXEMECAYHO N3JABAEMbIM MHMPOPMALMNOHHBIM yKa3aTensm, onybnmkoBaHHbIM B TEKYLLEM roay.
Ecnn cCbiNOYHbIM CTAHAAPT 3aMEHEH (M3MEHEH), TO NPU NONb30OBAHMN HACTOALWMM CTAHAAPTOM CrieiyeT pPyKOBOACTBO-
BaTbCH 3aMEHSIOLWLMM (M3MEHEHHbBIM) CTaHAAPTOM. ECnun cCbIiNOYHbIM CTaHAAPT OTMEHEH BE3 3aMEHbI, TO NONMOXEHNE, B KO-
TOPOM AaHa CCbIfika Ha HEro, NPUMEHSAETCH B YacTu, HE 3aTparvBalowen 3Ty CChISKY.

3 TepMuUHBI, onpeaeneHnUa n 0603HavYeHudA

3.1 TepMuUHbI U onpeaeneHun

B HacTosawem ctaHaapTe npumMmeHeHbl TepMuHbl No FOCT 8.417,1OCT 31371.1, c ydeToMm [1]—[6], a Tak-
Xe cneayroline TepMuUHbl C COOTBETCTBYHOLLMMU onpeaeneHUaMNA:

3.1.1 HeunpgeanbHada cocTaBndawLWwan ceBoucTBa (residual property): Cocrtasnsawwaga TepMmoanHamu-
YecKoro CBOMNCTBA, KoTopas onpeaenseTcd HemgeanbHbIM (peanbHbIM) NOBeAeHUeM rasa Unm roMoreHHou ra-

U3pgaHne odbvumanbHoe
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30BOW CMECHU, TO eCTb NpeaAcTaBnaeT cobon pasHuLy MexXxay TepmMmoanHaMmmnyecKkMm CBOUCTBOM pearnbHOro rasa
NN ra3oBOU CMECU U naeanbHO-ra3oBOW COCTaBMNAOLLEN 3TOMC CBOUCTRBA rasa UM rasoBon CMecu npu Tex Xxe
caMbIX TeMmnepaType 1 NNOTHOCT!.

3.1.2 Kanopu4yeckoe cBoUCTBO (caloric property). Xapaktepuctuka rasa WUnM roMmoreHHoOM rasoBou
CMECU, KOTOPYHO MOXHO paccumTaTb No yHAaMeHTarnbHOMY YpaBHEHWIO COCTOAHUS (€ npuesieyeHUeM OaH-
Hbix 06 udeasibHO-2a308bIX 3HAYEHUSIX MenIoeMKocmu, aHmanbnuu u 3aHmponuu).

[TpumMedaHne— BbluncneHne Kanopnyeckux CBOUCTB Mo HaAcTosWeEMY CTaH4APTY NPUMEHNUMO K BHYTPEHHEN
SHEPIrUN, SHTANbBNUKU, SHTPOMUN, NZOXOPHOW TEMNNOEMKOCTU, N306aPHON TENNOEMKOCTU, KOSIDDUUNEHTY IKoynsi- TOMCOHA,
nokasaTento N303HTPOonNb! (aanadartbl), CKOPOCTU 3BYKA.

3.1.3 TepMuiyeckoe cBoUCTBO (volumetric property). Xapaktepuctuka rasa UM roMmoreHHoM rasosou
CMeCU, KOTOPble MOXHO paccyiuTaTb NO TepMUYECKOMY YpaBHEHUIO COCTOAHUS.

[TpnumeyaHune—Hacroawmm craHgapt pacrnpocTpaHAeTCcd Ha Takne TePMUYECKUEe CBOMCTBA, KakK hakTop
CKUMAEMOCTU N NINOTHOCTL; nepesod mepmMuHa 0aH 8 coomeemcecmeauu ¢ [6].

3.1.4 TepMoguHamMuyeckoe cBOUCTBO (thermodynamic property):. Tepmudeckoe UMK Kanopuieckoe
CBOWCTBO.

3.1.5 ypaBHeHUe cocToAHUA (equation of state): MaTemaTudyeckoe BhipaXXeH1e B3aMMOCBA3U MeXay
napameTpamMy COCTOAHUA rasa Unm roMoreHHoM rasoBon CMecH.

[TpnumMmedaHune—Batonyactu cnegyeT yunTbiBaTh Ppasnuyuns Mexay AByMsi BUaamMmu ypaBHEHUS COCTOAHMSA, a
MMEHHO: 1) TEPMUYECKMM YPaABHEHMEM COCTOSHUS, KOTOPOE YCTAHABIIMBAET B3aUMOCBS3b MEXAY TAKUMU napameTpamMmu
COCTOSIHUSA, KaK AaBneHne, Temneparypa n oobem, 3aHMMaeMbIN 3a4aHHbIM KONTMYECTBOM BELWLECTBA; 2) PyHaAaMeHTarb-
HbIM YPaBHEHMEM COCTOSIHMSA, KOTOPOE YCTaHABNMBAaET B3aUMOCBS3b MeXQy NMOTHOCTbIO, TEMNepaTypon n csobogHou
sHeprnen [ enbmronbua.

3.2 O60o3HauvYeHUN

3.2.1 YcnoBHble 0003HauYeHUA
YcnoBHble 0603Ha4YeHUA BENMUYNH NpuBeaeHbl B Tabnuvue 1.

Tabnwuwua 1— YcnoBHbie 0003HAYEHUA BENNYMH
OBo3Ha4YeHune HanmeHoBaHuWe BernuYuHbI EanHULUBI U3MepeHnn
a, KoHCcTaHTa ypaBHEHWS 1
(Ag 1) KosgdpuumeHT ypaBHEHUA COCTOSAHUA naeanbHOro rasa 1
(Ag 2)i Kos®dpuumeHT ypaBHEHUA COCTOAHUSA naeanbHOro rasa 1
b, KoathdpunumeHT ypaBHEHNA COCTOAHUSA pearbHOro rasa 1
B BTopon BupmnanbHbIN KOIPPULUNEHT M3/KMOINb
By ; KoathPununeHT ypaBHeHUs COCTOAHUA naeanbHOro rasa 1
B, KosthduLUMEHT ypaBHEHUS 1
Bng [TapameTp bMHApPHOro B3anMmoaencTBuS 1
C, KoahdPuuneHT ypaBHEHNA COCTOAHUSA pearibHOro rasa 1
C, MonsprHas naobapHast TENNOEMKOCTb kx/(kmonb - K)
C, MonspHas n3oxopHas TENNOEMKOCTb k/(kmonb - K)
Co KoathdunumeHT ypaBHEHNA COCTOSAHNA ngeanbHOro rasa 1
C, KoathPpununeHT ypaBHEHNA COCTOAHUSA pearibHOro rasa 1
C, YaenbHasa nobapHasi TENNOEMKOCTb KK/ (Kr - K)
C, YaenbHas n3oxopHas TennoeMKoCTb KK/ (Kr - K)
D YaenbHas (maccoBas) NnoTHOCTb Kr/m3
D, KoathPuuneHT ypaBHeHUs COCTOAHUA naeanbHOro rasa 1
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Obo3HaveHue HaunmeHoBaHUE BENMUYUHDbI EQnHULBI U3MEpPEeHnN
E. JHEepreTUYeCcKkun napamMmeTp B pacyHeTHbIX YpaBHEHUSAX 1

Eq ; KoathPpununeHTt ypaBHEHNSA COCTOAHUSA naeanbHOro rasa 1

Eﬁ JHEPreTYecKuin napameTp bMHapHOro B3anMmoaencTBus 1

EHU JHepreTu4yeckun napameTp bMHapHOro B3anmMmoaencTBuS 1

F MonsipHas ceoboaHas sHeprnsa [ enbMronbLa KIbX/KMONb
f KoatpPpnumneHT ypaBHEHUS 1

F KoapPpunumeHTt ypaBHeEHUS 1

F. BoicokoTemnepaTypHbin napamMmeTp B YPpaBHEHUAX 1

Fo ; KoatphPprnumeHT ypaBHEHNSA COCTOAHUSA naeanbHOro rasa 1

g, KoaphPpunumneHTt ypaBHEHUS 1

G KoatpPpunumeHTt ypaBHEHUS 1

G, OpueHTaunOHHbIN NapamMeTp 1

G, ; KoadhdmumeHT ypaBHEHNA COCTOAHNA naeanbHOro rasa 1

ij OpueHTaunoOHHbIM napameTp BMHAPHOro B3auMoaenCTBUSA 1

Gny OpueHTauuoHHbIN NapamMmeTp BUHAPHOro B3anMoaenCTBUSA 1

h MonsipHas sHTanenus KI>K/KMOIb
H YaenbHas sHTanbnus KLK/Kr
Hy ; KoapPprnuneHT ypaBHeHUS COCTOAHUSA naeanbHOro rasa 1

Iy ; KoatphPurnuneHTt ypaBHeHUs COCTOAHUSA naeanbHOro rasa 1

Jo ; KoatphPpurnumeHT ypaBHEHNSA COCTOAHUSA naeanbHOro rasa 1

K, KoathpunumeHTt ypaBHeHnst cocTosaHns AGAS 1

K [TapameTp pa3mepa ans cmecu (M3/kmonb)1/3
K. [TapameTp pasmepa Ans KOMMNOHEHTAa (M3/kmonb) /3
Ki [MapameTp paamepa ansa buHapHoro B3ammoaencTBus 1

L TemnepaTtypa HOPMUPOBKA K

M MonsipHas macca cmecu KI/KMONb
M; MonsipHas macca /i-ro KOMNOHEeHTa Kr/KMOnb
N Lncno KOMMOHEHTOB B ra30BOUN CMECH 1

o, [laBneHwne Ml 1a

q, KoathPpnumeHTt ypaBHEHUS 1

Q KoadhdhunuymeHT ypaBHeHUS 1

Q; KBagpynonbHbIN napameTp 1

R YHuBepcanbHas rasopasi noctrosHHas — 8,3145107 kx/(kmonb - K)
) MonsapHas aHTpOoNus kx/(kmonb - K)
S, KoapPpunumeHTt ypaBHEHUS 1

S YaenbHas SHTPONUS KIK/(Kr - K)
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OkonyaHue mabnuubi 1

ObBosHa4veHue HanmeHOBaHUE BENMUYUHDI EQnHUUBI U3MmepeHnn
; HvnonbHbIM NapameTp 1
T Temneparypa K
U MonsipHas BHYTPEHHANA 3HEPTUs kKIDK/Kmonb
u, KoadhdomumeHT ypaBHeHns coctosaHnsa AGAS 1
U YaenbHas BHYTPEHHAS SHEPIUs KIDK/KT
V KoadhdhunymeHT ypaBHEHUS 1
Vi [TapameTp BMHaApPHOro B3anmoaencTBuUs 1
w CKOpPOCTb 3BYKa M/C
W, KoapPpunumeHT ypaBHeEHUS 1
W. [TapameTp accoumnaumnm 1
X MonspHas gons 1
X BekTop 3Ha4veHnn MONSIPHOM 40NN KOMMOHEHTOB B CMECH (X1, X2, X3 ..., Xj ..., X21) 1
4 DakTop CHUMMAEMOCTH 1
O OTHOCUTENBbHAas NNOTHOCTL 1
0 OTHOCUTEenbHas ceobogHas aHeprus [ enbmronbLa 1
K [TokazaTtenb agmnabaTtsl 1
vl KoadhdumuymneHT xoyna-TomcoHa K/MI'la
P MonsipHasa NNOTHOCTL KMONb/M?3
T Ob6paTtHast OTHOCUTENbHAas TeMnepaTtypa 1
* MNpuBegeHHOe B HACTOSALWEN Tabnuue 3HaYeHNne YHUBEPCATbHOW ra30BON NOCTOAHHOW R He SIBNSETCH CaMblM CO-
BPEMEHHbLIM M3 NPUHATBIX MEXAYHAPOAHBIM METPONOrMYeckumMm coobwecteoMm. OgHaKo 37O 3HAYEHME DObINO WNPOKO
pacnpocTpaHeHo BO BpeMsi pa3paboTkm ypaBHeHnss AGAS n nostTomy OHO OCTaBNEHO 3aeck. PacxoxaeHne mexay npw-
BEEHHbIM 3HAYEHNEM U 3HAYEHUNEM, MPUHATBIM B HACTOSILLLEE BPEMS, MEHbLLE YeEM 5 - 107°

3.2.2 lNoacTpoyHble UHAEKCDI

NHAaeKchbl B YCNOBHBIX 0603Ha4YeHUAX BENMYUH O3HaYatoT crneaytoLlee:

| — Ang /i-ro kKoMmnoHeHTa (o1 /=1 ao N);

/— Ang BTOPOro (j-ro) KOMnoHeHTa B OMHapHOM B3ammoaencteum (ot = 2 ao N);
n — HoMep KoapPuLMeHTa B ypaBHEHUN COCTOAHUA (0T n = 1 oo 58);

0 — Ang naeanbHO- ra3oBOro0 COCTOAHUSA;
r— ANy HenageanbHOWU COCTaBNALWEN;

d — YacTHas npousBoaHas no OTHOCUTENbHOW MONAPHOWU NMNOTHOCTU;
6 — ana ctaHpapTHoro coctoanua (T, = 298,15 K, p, = 0,101325 Mlla);

T — YacTHas NpounsBoaHast no obpaTHoOM OTHO

CUTENbLHOU TeMnepaType.

4 TepmoaMHaMunyeckme OCHOBbI MeTOoAA

4.1 CywHoCTb MeToAa

MeToa HacTosLero ctaHAapTa OCHOBLIBAETCSH Ha KOHLUENLMU, YTO ANd noanexallero TpaHCcrnopTUpoBa-

HWIO MO ra3onpPoBOAY NPUPOAHOIO rasa MMeroTcs aar

Hbl€ O Pe3yJibTadTdX aHaJ1134a €10 NOJIHOIO KOMIMNOHEHTHOTI O

COCTaBa, UCMOoJb3yeMble A1S BbIYNCIIEHNSA TEPMOaN

HaMU4YeCKNUX CBOWCTB rasa. 3Tu AaHHble COBMECTHO C TEM-

nepaTypon 1 NNOTHOCTLIO, XapakTepusyrLMMN COCTOSAHNE rasa, COCTaBMNAT KOMIMIEKC BXOAHbIX NepemMeH-
HbIX ONA paccMaTpuBaeMoro Metoga. Ha npaktnke B KadecTBe BXOAHbIX nepemMeHHbiXx 6onee yaobHo

4
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NCNOMNb30BaTb TeEMNepaTypy W AaBneHue. B TakoM crniyvyae cHadvana Heobxoanmo npeodbpasoBbiBaTb 3TU
napamMeTpbl COCTOSIHUA B TeMnepaTypy Y NNMOTHOCTL.

B HacToslleM cTaHaapTe npeacTaBneHbl YypaBHEHUS!, B KOTOPLIX CBODOAHasA sHeprus [ eNbMronbsLia Bbl-
pa)kaeTca Kak (PyHKUMA NITOTHOCTU, TeMnepaTypbl U cocTaBa CMeCU; No 3TUM ypaBHEHUAM TepMoguHaMmmnyec-
Kne CBOMUCTBA BblpaXatoT 4Yepe3 CBODOAHYIO aHepruo ['enbMronbLa M ee NpousBoAHbIe NO TeMnepaTtype u
NIIOTHOCTWA.

B HacTodweM MeTode UCMONMb3YIOT pe3ynbTaThl AeTanbHOre aHanusa MONApPHOro coctaBa CMecH, TO
€CTb AOMKHbI ObITb yKasaHbl BCE KOMMOHEHTHI, NPUCYTCTBYIOLLME B CMECKU B KONMUYECTBaX, NMpeBbilatoLLmxX
0,00005 monsapHon gonu (50 MUNNNMOHHBIX YacTen MonapHon gonu)!). [lng TMNMYHOro NpUPoaHOro rasa Takon
aHann3 JOIMKeH BKItoYaThb ankaHbl, npumepHo Ao C-, nnn Cg, COBMECTHO € a30TOM, AUOKCUAOM yrinepoja U re-
nuem. OBbIYHO M3oMepbl ankaHoB cBbile C: 00begNHAIOT C HOpMalnbHbIMW U3OMEepaMn C y4eTOM MOAPHOU
Macchl.

[1Nna HekoTopbIX NPUPOAHLIX ra30B crieayeT YYUThIBaTb AOMNONMHUTENbHEIE KOMMOHEHTHI, Takue Kak yrie-
Boaopoabl Cy 1 C, 4, BOAAHON NMap U cepoBogopoa. Ana KoMMyHanbHO-ObITOBLIX ra3oB HEODXOANMO YUUTbI-
BaTb Hanuuune sogopoaa 1M okUcK yrnepoaa.

B HacTodawemM meTode UCNONb3YIOT pe3ynbTaThl aHanmsa KOMMOHEeHTHOro coctaBa, pacCynTaHHOro Ha
21 KOMMOHEHT. DTN KOMMOHEHTLI MOTYT NPUCYTCTBOBATL B NPUPOAHOM rase B Ka4yecTBe OCHOBHbIX UMW BTOPO-
CTeneHHbIX cocTaBnArWnX (6.2). J1iodbon «cneaoBon» KOMMNOHEHT, KOTOPbIW He BXOAWUT B YMCno 21 onpeaensie-
MOTrQ, MOXXHO NPUONU3NTENBHO YYUTBIBATbL COBMECTHO C ONpeaensemMblM KOMMOHEHTOM.

4.2 dyHaamMeHTanbHoOe ypaBHeHUe COCTOAHUA ANAa cBoboaHoM aHepruu NenbmMmronbua
4.2.1 UcxoaHble NONoXeHUus

[Tpnumedvanune—Wexognble nonoxeHnss ana dyHAaMEHTaNbHOIO ypaBHEHUS COCTOSAHUA Ans cBOBOAHOU
sHeprn [ enbMmronbua nNnpuBeaeHbl B NPUNoXeHmm A.

4.2.2 CBobogHana aHeprusa NenbMronbLa

CB0OOAHYIO 3Hepruto ['enbMronsLa f roMOreHHON ra3oBoM CMEeCK NMpu 3agaHHbIX AaBNEeHUN N TeMNepa-
Type BblpaXKkatoT Kak CyMMY naeanbHO-ra3oBon CocTaBnaoLWen f, U HengearnbHOW COCTaBNAOLLEN [, XapaKTe-
pUusylollen noseaeHe peanbHOro rasa, cornacHo ypaBHeHUo

Fp, T, X) = 1olp, T, X) + 1{p, T, X), (1)

KOTOpOE Npu bespasmMepHOM npeacTtaBneHnn cBodoaHOM 3Hepriun B Buae ¢ = f/(R - T) npeodbpasytoT B ypaBHe-
HUe

¢ 0,7, X)= 0,7, X)+ ¢ (6,7, X), (2)

rage X — BEKTOp MONAPHLIX 40NeN CMeCH;
T— obpaTHas (be3pasmepHas) OTHOCUTENbHAA TeMnepaTtypa, cBaA3aHHasa ¢ TemnepaTtypon T no COOTHO-
LLUEHWHD

T = L/T, (3)

rnel =1K.

[TOCKONMbKY, COrnacHo cTaTUCTUYECKON TepMoanHamMuke, ceoboagHasa aHepriuda ['enbMronsLa npeacran-
naet cobon HenocpeaCTBEHHbIN pe3ynbTaT Ynucna U TUNOB MONEKYNAPHLIX B3aUMOAEUCTBUNA B CMECU U ABISI-
eTcsd TeM caMbIM HenocpeaCcTBEHHOU PYHKLUMEN MONAPHOU NMOTHOCTU M MONAPHBLIX 40NEeN MOJeKy B CMeCu, B
ypaBHeHUaA (1) 1 (2) B Ka4eCcTBe BXOAHbIX NepeMeHHbIX 3anicbiBaloT COOTBETCTBEHHO p — MOJIAPHYHO MIIOT-
HOCTb U & — OTHOCUTENbHYIO NMOTHOCTbL, a He AaBneHue p.

OTHOCUTENBLHYIO NMOTHOCTL O CBA3LIBAKOT C MOJIAPHOU MIMOTHOCTLIO p MO YPaBHEHUIO

5 =K3- p, (4)

rge K — cMeceBOU napaMeTp pasmMepa.

MaeanbHO-ra3oBy0 COCTaBNALLYIO ¢, OTHOCUTENbHOW cBOOOAHON 3Heprun ['enbmMronbLa nomyvatoT U3
ypaBHEHUU ANna naeanbHO-rasoBov n3obapHon Tennoemkoctu (4.2.2) U n3bbITOYHOW cocTaBnAloLlen ¢ U3
ypaBHeHUA cocToaHna AGAS (4.2.3).

) mnH~! — HecucTemMHas eamHuuA.
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4.2.3 UpeanbHo-razoBad cocTaBnsoLwan cBoboagHon 3aHeprum NenbMronbLa
MaeanbHO-rasoByo COCTaBNAWLWYHO CBOOOAHOU 3Heprun ['enbMronbLa vyepes aHTanbnuio h, N 3HTPO-
MU0 S, BblpaXkatoT B COOTBETCTBUN C YypaBHEHUEM

folp: T, X) = ho(T, X) = R-T—=1T-84(p, 1, X). (9)

B cBoto ovepeb, aHTanNbLNNO Ay U 3HTPONNIO S, BblpaXkatoT Yepes uaeanbHo-ra3oByo M300apHyo Tenno-
eMKOCTb Cy , M0 ypaBHeHusM (6) v (7), rae B Ka4ecTBe NpeAesioB NHTerpupoBaHns ycTaHaBImMBatoT TeMnepa-
Typbl T, n T

ho(T, X) = [ o odT +hi, o3 (6)
c /N T N

So(p T,X)=j 2P AT —R-In| 2 |-R-In I +8019—R-2x;-lnx,-. (7)
T \Pa . o =1

CtaHgapTHOe cocTosHWe ANA HYyNeBblX 3Ha4YeHWW SHTanbMMM KU 3HTPONUU yCTaHaBNMBaT Mpu T, =
= 298,15 Knp, = 0,101325 MPa gna ngeansHou Hepearnpytowemn ra3oBoll cmecu. KOHCTaHTbl UHTEerpnpoBa-
HUA hy 4 NS, 4 YCTaHaBNNBAIOT Jaree Tak, UTobbl cnegosaTh 3ToMy yenosuto. CTaHaapTHYO (MaeanbHo-raso-
BYIO) NIOTHOCTb p 4 ONPeAensaoT MO COOTHOWEHUI py = po/(R- Ty).

HeuageanbHyto cocTaBnatwoLlyto csoboaHon sHeprin 'enbmronsua ¢, = f,/(R - T) onpeaensatoT, NCNOb-
3ya ypaBHeHuUs (6) 1 (7), Kak PYHKUKIO O, T U X, N0 YPaBHEHUIO

(o )
CO.,U ho}e + T CO o 0 Tg S0 N
3T X) =7 d A 1+ | =5dt+In|— [+ ]n = Y X InX; (8)

(6onee nogpobHy NHpoPMaLUO CM. B NMPUNoXXeHun B).

4.2.4 HeunpgeanbHana cocTaBnswoLwan cBodoogHou aHepruu NenbMronbLua

B HacTosweM cTaHaapTe HeuaeanbHyH COCTaBNSAOLLYIO CBOOOAHOW 3Heprun ['enbmMmronsua nony4varoT
nyTeM UCNONb30BaHUA ypaBHeHUA cocToaHna AGAS. 3anuceiBad pakTtop CKMMaeMoCTU Kak PYHKLUNIO OTHO-
CUTENbLHOW NMOTHOCTU, 0OPaTHOWM OTHOCUTENbHOW TeMnepaTypbl M MOMAPHLIX A0NEeN KOMMOHEHTOB, YpaBHe-
HMe cocTosaHUAa AGAS nNpeacTaBndal0T B BUAe crieayollero ypaBHeHUs

| 18 58
7=1+2 35 3N Cp -t + Y C, -t 87 (b, —c, -k, -3 )exp(—c, - 8"N), (9)
K n=13 n=13
rae B — BTOpoW BUpUanbHbi KO3MDULNEHT;

C, — (PYHKLNA MONAPHbLIX A0MEe KOMMOHEHTOB;
u., b, C,, K, — KO3(PPULNEHTbI ypaBHEHNA COCTOAHNA U PYHKLNA MONAPHbLIX J0NEeN KOMMNOHEHTOB.
dakTop CKMMaeMocTn Z CBA3bIBAOT C HengeanbHOW COCTaBNSAOLWEN OTHOCUTENTbHON CBODOAHOW 3HEP-
rMn ['enbmMronbLa ¢, COrnacHo ypaBHEeHUo

Z=1+5-9,5 (10)

rAe ¢. s — YacTHada NnpousBoaHas oT ¢, M0 OTHOCUTENTbHOW NIOTHOCTM NPU NOCTOAHHbBIX T N X.

[TyTem ncknodeHna Z, ncnonbsyd ypasHeHUa (9) 1 (10) M MHTerpuposaHue nNo OTHOCUTENbHOW NITOTHOC-
T, NPUXOOAT K YpaBHEHUIO AN HenaeanbHOW COCTaBMAKLWEN OTHOCUTENBHOWU CBODOAHON 3Heprim ['enbm-
ronbLa

| 18 58
0.(31X) =225 C, -t + > C, -1 57 exp(-c,, - 57) (11)
K n=13 n=13

(6onee noapobHyo nHpopMaLno cMm. B npunoxeHun C).

4.2.5 OTHOCUTeNnbHaA cBobogHasn aHeprua NenbMronbLa

Mcxoaa ns BOIMOXHOCTU paccunTaTh BCe TepMognHamMmmnieckne CBoUCTBa No pyHAaMeHTanbHOMY ypaB-
HEeHUIO COCTOAHNSA (2) ANd OTHOCUTENbHOM CBODOAHOW 3Heprun ['enbMronbua ¢, NyTemM UCnoNbL3oBaHUS ypaBs-
HeHnA (8) AnAa ngeanbHO-ra3oBoW cocTaBnAoLlLen ¢, U ypaBHeHna (11) ana HengeanbHoW cocTaBnAoLLeEN ¢,
OTHOCUTESTbHYI0 CBODOAHYIO SHepruio 'enbMronsLua ¢ NpeacTaBnsoT B BMAE YpaBHEHUS

6
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C hoo T C (5 s N
(p(S,T,X)=—TI 2P g+ 20 1+I OP gt +In| -2 +In(r—9] LA > X;-Inx; +...
=1

R.-1° R A \g/ T R
T S k (12)
F—-08),C, -t + ) C, -1 87 exp(—c, - 3).
K n=13 n=13

4.3 TepMmognHaMUyecKune CBOUCTBA, NonyvyaeMble U3 cBoOoOAHOU 3Hepruu NenbmMmronbua

4.3.1 UcxoaHble NOoNoXeHUA

Kaxxgoe 13 TepmMoanHamMmnYeckmnx CBOMCTB MOXHO BbIpa3snTb B ABHOM BUAe Yepe3 OTHOCUTESbHYHO CBO-
6oaHyto aHepruto MenbMronbLa ¢ 1 pasnnMyHbie NPouU3BoaHbIe OT Hee. Tpebyemble NPoU3BOAHBIE ¢, ¢.., Ps,
Pss U @5 ONPeaensoT No ypaBHEHUAM:

2 ) £ 2\

/
5 5 5 5 o (o
0, =[—(p] P = —— | s =[—(p] P55 =| —— | P = —[—(p] - (13)
o, X D% T, X T, X

2 2
ot It s, \ 90" . x TN OO X 5 x

Kaxgyto NnpousBoaHYo onpeaendtoT B Buae CyMMbl MaeanbHO-rasoBoM cocTasnaoLwen (npunoxeHue B)
N HengeanbHOW cocTaBnawowen (npunoxeHue C). BBogaT noacTtaHOBKU, NpuBedeHHbIe B ypaBHEHUAX, ANS
YAPOLLEHNS NoNyvYeHUs TpedbyeMbiX aHannMTUYeCKNX BblpakeHUN:

2
(0" -9y)
2 .
Pq = =2:0 @5 + 0" Pgs; (14)
00
_ dg, X
/6 N
2| O P
Py =T Ol =895 —1:8 . (15)
O T
LT\ /18, X

(bonee geTanbHble BbIpaXXeHNA AnNa ¢, ¢.., P5, ¢4 N ¢, CM. B npunoxeHum C; Heobxoanmble obLLne Bbipa-
XeHUa Ansa pasnnMyHbIX TepMognHaMmn4eckmnx cBoOUCTB npuBedeHbl B 4.3.2.1—4.3.2.9 [ypaBHeHUsA (17)— 26)]. B
ypaBHeHUNAX (19)—(24) HUXKHNE CUMBOILI OTHOCATCHA K MONAPHBLIM BeNMYMHAM (TO eCTb OTHEeCEeHHbLIM K 1 KUNo-
MOJIIO), U COOTBETCTBYIOLLME BEPXHNE CUMBOIIbI OTHOCATCHA K MAacCOBbLIM BeNMMYMHaM (TO eCTb OTHEeCEHHbIM K

1 KMnorpammy); nepexoq 0T MONMSAPHBbIX NepeMeHHbIX K MacCOBbLIM AOCTUraeTca AeNneHneM Ha MOJIAPHYH Mac-
cy M).

[TpnmedaHwune—BatmxypaBHeHusax R — MonsipHas ra3zoBasi NOCTOAHHAaNA, COOTBETCTBEHHO R/M — maccoBas
ra3oBas NoCTosIHHAas.

MonsipHyto maccy M cmecn nony4aroT Ha OCHOBE KOMMOHEHTHOro cocTasa X 1 MOMsIpHbIX Macc M, KoMMo-
HEHTOB MO YPaBHEHUIO

N
=1

3Ha4YeHnsa MonApHbIX Macc M, KOMNOHEeHTOB NpuBeaeHbl B [/] 1 [8], B KOTOPbLIX 3TK 3Ha4YeHNA ABNAIOTCA
MOEHTUYHBIMU 3Ha4YeHunsIM, npusegeHHsiM B [OCT 31369.

[TpunmedaHne— 3Ha4YeHns, NPUBEAEHHbIE ANS MONAPHbBIX Macc, B BONbLUMHCTBE CNYyYaeB HE NAEHTUYHbLI CO-
BPEMEHHbIM 3HA4YEHUSM, MPUMEHSAEMbIM B MEXAYHAPOAHOW METPONOrn4eckon npaktuke. OHW npeactaBnsanT cobon 3Ha-
YEHUS, KOTOPbIE BbINM NCNONBb30BaHbLI B OCHOBHOM MPW MNONyYeHnn ypaBHeHUs cocTosiHUsS AGAS 1 B 3TON CBA3U OCTaBMNEHb!
be3 nameHeHnn; pacxoxxgeHnsi BoO Bcex cnydasx He npesbiwatoT 0,001 kr/kmone.

B ypaBHeHusax (20), (21) 1 (23)—(26) oCHOBHbIE BblpaXkeHns A4S CBOUCTB A, S, €, U, KU W NpeACTaBNAoT
B HECKOJIbKMX BapuaHTax angd 1oro, 4todbl NonyvyeHHble 3Ha4YeHUA CBOUCTB MOXKHO ObINTO MCMOMb30BaTh ANS
YAPOLWEeHNS nocneayloLwmx BelMucneHnin. Takon noaxod MOXHO NPUMEHSATb B cnydadx, korga Heobxogumo
onpenendaTb HECKOMbKO UMM BCe TepMoanHaMmnyeckme CBoOMUCTBA. B kaxkaoM NoanyHKTe cHavana npeacraBne-
Hbl OCHOBHbIE TepMoANHaMUNYECKe COOTHOLLEHWA, a Aanee BCroMoraTesbHble BblpaXeHUs.

4.3.2 YpaBHeHUda AnAa TepMoguHaMMU4eCKUX CBOUCTB

4.3.2.1 PaKTop CX)KMMaeMoOCTU U NNOTHOCTL

BeipaxxeHne ana dpakropa cKMMaeMocTn Z NnpeacTaBnanT COrnacHo ypaBHEHUo
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Z =03 @s, (17)

rae ¢; — NpousBoaHasa oT cBoboAHOW 3Heprum [enbmronbua NO OTHOCUTENBHOU MOMAPHOU MNITOTHOCTU
[cM. Takke ypaBHeHKe (10)]. MonapHyo NNOTHOCTL p U YAENbHY0 (MaCcCOBYIO) NIOTHOCTL L) CBA3bI-
BalOT C AaBlEeHNUEM COrmacHoO ypaBHEHUIO

0o=DM=plZ-R-T). (18)

3HavyeHUa pakTopa CKUMaeMoCcTu Z, paccynThiBaeMble Mo HAcTosALWEeMy cTaHaapTy, Kak npaBunio, He
OOTDKHBI OTNIMYATLCS OT 3HAYEHUWN, pacCcyYUTbIBAEMBIX Mo ctaHaapTy [1]. st amo20o ebixo0 u3 umepayuoH-
HO20 rpouecca npu pacyeme niIoOmMHOCMU Ha waze 4 6110Kk-cxeMbl pacdyema mepMooOUHaMU4eCKUX
ceolicms (pucyHok F.1, npunoxeHue F) dormkeH npoeodumbcs O Kpumepuro pasHocmu abcosirom-
HbIX 3Ha4YeHUU paccyumaHH020 U 3a0aHHO020 (6XOO0HO020) OaesleHUs; ama pa3HoCMb OOJ/DKHa 6bImb
meHbuwe 10-° Mla.

4.3.2.2 BHYTpeHHAA 3Heprua

BripaxkeHue Ansi BHYTPEHHEN SHEPrun U NpeacTaBnsoT CorMacHo ypaBHEHUIO

2" .. (19)

4.3.2.3 3HTanbnusa
BeipaxkeHne Ana sHTanbny h NpeacTaBndai0T COrnacHO ypaBHEHUIO

h H-M u UM

p— = 7T- T + 6- — i Z — | Z 20
RT RT o UTTRT R-T <0
4.3.2.4 OHTpoONUA
BhipaykeHue ANga SHTPONUU S NpeAcTaBNAoT COrNacHo YpaBHEHNIo
s S'M u u-Mm
= =T, —¢ = = . 21
R R VTR T TTRT Y b

4.3.2.5 N3oxopHaa TennoeMKoCTb
BbipaxeHune anga n3oxopHon TennoemMKoCcTU ¢, NPeacTaBNAT COrMacHo ypaBHEHUHO

Cy :CV-M:_TZ_(PTT_ (22)

R R

4.3.2.6 N306apHasa TennoeMKocCTb
N300apHyo TENNOEMKOCTb C, ONPEeAensitoT Mo ypaBHEeHNIo

2 2 2
CD_CP'M__Tz_(PTT:@z:Cv=®2:Cv‘M=®2_ (23)

R R ¢4 R ¢4 R oF

4.3.2.7 KoadphuumeHTt dxxoyna-ToMmcoHa
BeipaxkeHne ansa kosgpduuneHTa [bkoyna-ToMcoHa 1L NpeAcTaBNAT YypaBHEHUEM

4 \ 4 \
-R-D — R R
:H _ P2 = P9 P2 1 P2 1| (24)

2 2 -
M 05 (179, -0q) Cplor ) Cyp-Mioy

uw-R-p

4.3.2.8 lNoka3aTenb aguadarthbl
BulipaxkeHune anga nokasatensa agnabatbl kK NpeacTaBnsitOT COrfacHO ypaBHEHMUIO

2
0 P2 o R (P2 0 R (pg
1 2 1 2 1 Z
o — VP Cy _ Cy - M :(P1.CD:(P1‘CI3_ (25)
6‘([)5 Z V4 V4 Cy Z C,”r
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4.3.2.9 CKoOpoCTb 3BYKa
BripaxeHne ang ckopoCTU 3ByKa W NpeacTaBndAloT COrMacHo ypaBHEHUIo

=@ —— =P —-

2 2
w *M_ Do =Z'k:(P1C—p Cp (26)
R-T T - Qrp Cy CV

5 MeTon pacyeTa CBOUCTB

5.1 BxogHble nepeMeHHbIe

[1pn XapakTepUCTUKe CyLLHOCTU MeToAda, YcTaHaBNMBaeMoOro B HacTosILLEM cTaHdapTe, npeanonaraioT
MCNONb30BaHNWE OTHOCUTENbHOW MNMOTHOCTUA, 0DPaTHON OTHOCUTENIBHOMW TeMnepaTypbl U MOMSIPHOIC KOMMNO-
HEHTHOro COCTaBa B KA4YeCcTBe BXOAHbIX MepeMeHHbIX. Ha npakTuke B Ka4ecTBe BXOAHbIX NepeMeHHbIX ODbIYHO
yalle UCnonb3yoT abcontoTHOE AaBneHne, abCcoMoTHYIO TeMnepaTypy U MONSIPHLIA KOMMOHEHTHBLIA COCTAaB.
COOTBETCTBEHHO Ha OCHOBE 3TUX AaHHBIX HEODXOAMMO CHavana paccyutatb 0OpaTHYHO OTHOCUTENbHYH TEM-
nepatypy M OTHOCUTESIbHYIO MNIOTHOCTL. epexon oT abconoTHOM TemMnepaTypbl K 0bpaTtHOM OTHOCUTENLHON
TeMmnepaType OCYLWEeCTBNAIOT, UCMOMNb3ys COOTHOoLeHUe (3).

[lepexoa oT gaBneHUsa K OTHOCUTENbHOW NIOTHOCTM NPOBOAAT NO 5.2.

Ecnn BMecTo gaBneHnda p B KayecTBe BXOAHOW nepemMeHHOW NpUBOAAT yaenbHYo (MacCOBYIO) NMMNOT-
HOCTb D, 3HadeHuUs & nonydarT HenocpeacTBeHHO 0e3 npoBedeHUsa npoueayp no 5.2, a UMEHHO, Kak
5=D - K3/M, rne M — monsaipHasa macca, onpegensemMas rno ypasHeHuto (16). KOMMNOHEHTHLIA cocTaB HEODXO-
OUMO onpeaenatb angd cneayrowmx 21 KOMNoHeHTa: a3oTa, guokcuga yrnepoaa, MetaHa, 3TtaHa, nponaHa,
H-OyTaHa, nsobyrtaHa (2-meTtunnponaHa), H-neHTaHa, usoneHTaHa (2-metunbyTtaHa), H-rekcaHa, H-rentaHa,
H-OKTaHa, H-HOHaHa, H-gekaHa, Bogopoaa, Kucnopoga, yrinepoaa, Boabl, cepoBogopoaa, renusa naproHa (o ao-
NMYCTUMBIX Npegenax MOMAPHbIX Aonen KOMMOHEHTOB, YycCTaHaBNMBaeMbIX paccMaTpuBaeMbiM METO-
OoM, — cM. 6.2). Kakon-nmbo cneaoBon KOMMOHEHT, NPUCYTCTBYIOLWWA B rade, HO He MAEHTUDPULIMPYEMBIN B
yncne nepevncrieHHbiX 21 KOMNOHEeHTa, MOXKHO NMPUBNMU3UTENBHO YYUTLIBATL B COBOKYMHOCTU C NOAXOAALLIAM
N3 nepevyncrneHHbIX Belle (npunoxeHune E). Cymma MonsipHbIX A0NeN KOMMOHEHTOB A0KHA ObITh paBHA egun-
HULE.

Ecnu 3T0 ycnoBue He BLINOMHSAETCH, HeoOXoAUMO NPOBEPUTL KAYECTBO NPOBEASHHOIO KOMMOHEHTHOIO
aHanusa, B TOM 4YMucne Ha NosTHOTY ydeTa KonndecTBa KOMMNOHEHTOB. Henb3a nepexoanuTb K peLleHnto nocneay-
IOLLIMX 38424, noka He byaeT obHapy)XeH NCTOYHUK 3TOW npobnembl. Ecnu He ycTaHOBNEHLI MONSAPHLIE O0MNN
rerntaHa, okTaHa, HoOHaHa 1 AeKkaHa, MOXXHO UCMofib3oBaTh cyMMapHyo dpakunio C, , Heobxoanmo npoBecTus
MNP STOM aHanma BRUAHUS NOACOHBIX NPUDNMKEHUIN Ha NCKaXXEHUE KOHEYHbIX PEe3ynbTaToB.

[Tpnmeyanwune— EcnucocTas rasa nssecteH B 00beMHbIX A0MNSAX, ero HeobXoaMMO NepecHUTaTb B MONSIPHbLIE
aonun, ncnone3dysa metog no OCT 31369.

5.2 llepexopn oT naBneHUa K OTHOCUTENIbHOU NNTOTHOCTU
KombuHupya ypasHeHusa (4), (9) n (18), nony4aroT ypaBHeHUe

43 , 18 98
Pt R 7142 36 52C, -t + YC, -t 37 (b, —c, -k, 5" )exp(—, - 5), (27)
0-R-L K n=13 n=13

Ecnu BxogHble NepeMeHHble BblpaXKeHbl Yepes AaBlieHne, 0bpaTHY0 OTHOCUTENbHYIO TeMnepaTypy 1 KOM-
MOHEHTHLIN COCTaB, UCMONb3yA ypaBHeHUe (27), MOXHO onpeaenutb NpuBedeHHY MOMAPHYIO NMIOTHOCTL O.
3HadeHna napameTpoB B(t, X), C (X), K(X) n koadpdpuumeHtoB b, ¢, .k 1 U ypaBHEHUA (27) MOXHO NOJTYyHUTb 13
ypaBHEHMN U Tabnuu, npeacTaBneHHbIX B npunoxeHun D [ypasHeHun (D.1), (D.6) n (D.11), n tadbnuuel D.1 cooT-
BETCTBEHHO] ANd 3TUX XapakTepUcTuK. YncneHHble 3Ha4YeHUsa napamMeTpoB AN BceX MHAMBUAYaNbHbIX KOMIMO-
HEHTOB U UX DUMHAPHOIO B3aMMOAEUCTBUA, Takke TpebyeMmble ans peweHus ypasHeHun (D.1), (D.6) n (D.11),
npeacTtasnexsl B Tabnuuax D.2 n D.3 cooTBETCTBEHHO.

PelueHne MOXHO Mony4nTb NOoAXoAsALWL MM YUMCNEeHHBIM MeToAoM. Ha npakTuke NnpMMeHSoT cTaHAapTHLIN
ariropyuTM peLeHns ypaBHEHUS COCTOSAHUSA OTHOCUTENbHO MIOTHOCTU Kak Hanbonee yaobHbIN U 4OCTAaTOYHO
KOPPEKTHbIN. B Taknx anroputmax obbl4HO UCMOMb3YIOT HavYanbHoe NpubnukeHue Ans 3Ha4yeHUs NIOTHOCTU
(4acTo ugeanbHo-rasoBoe NpUbIMXKeHne) 1 NpoJosNkKaT pacdeThl MyTEM UTepaLMOHHbIX BbIYUCIEHNA p N &
A9 Toro, YToObl HAUTU 3HAYEHNE §, KOTOPOE BOCMNPOU3BOAUT U3BECTHOE 3HAYeHUe p B npeaenax 3ajaHHoro
YPOBHSA TOYHOCTW. B paccmaTpruBaeMoM MeToe B KavecTBe JONYCTUMOro KpUtepus ycTaHaBIMBatoT YCIOBUE,

9



[OCT P 8.662—2009

YTO AaBNeHne, paccHMTbIBaeMoe U3 BbIYMCIEHHBIX 3Ha4YeHUN OTHOCUTENBbHOWU MOMAPHOWU NNOTHOCTU o, ACITKHO
BOCMPOU3BOANTb NCXOAHOEe 3HaveHne p B npeaenax (1/10°) Mfa.

5.3 lNpoBeaoeHUe OCHOBHLIX BbIYUCTTEHUI

[ns npoBeaeHUs1 BEIMUCNIEHNIA B LIENOM HEODX0AMMO BhINOMTHEHNE HMXKeCeayoLWNX YCITOBUN.

TpebyeMbl HADOP BXOAHbLIX NepeMeHHbIX UMeeTcsl B Hann4mn. C 3TUM BbiBEPEHHBIM HABOPOM BXOAHbIX
NepeMeHHbIX: OTHOCUTENBbHOW NITOTHOCTLIO §, 00DPaTHOW OTHOCUTENBHOW TEMNEPaTYPON TU KOMMOHEHTHBLIM CO-
cTaBoM X UCNONb3YOT pyHAaMeHTanbHoe ypaBHEeHNe COCTOAHUA ANsl BbIMMCNIEHNUSA OTHOCUTENBHOW CBODO-
HOW 3Heprun ['enbmronsbLa 1 apyrux TepMmognHamMmmieckmx cBoUCTB. CornacHo ypasHeHuio (12) onpegenaroT
OTHOCUTEeNbHYIO CBODOAHYIO 3Hepruto ['enbmMronbLa Kak ¢ = ¢, + ¢.. CornacHo ypasHeHuto (11) onpeaensatoT
HeuaearnbHyo cocTaBnAoLWYy cBoOOAHON 3Heprin ['enbmronbLa ¢. Kak PYHKLNIO OTHOCUTENbHOU NNOTHOCTY
O, 0bpaTHOW OTHOCUTENBHOMW TeMMNepaTypbl T U MOMAPHOTO KOMMOHEHTHOrO cocTara X. loeanbHO-ra3oByto CO-
CTaBNALLLYIO ¢y, ONpeaensaemyto ypaBHeHnem (8), nony4vatoT cornacHo ypasHeHuto (B.3) npunoxenusa B Ta-
KUM 0Bpaszom, 4ToObI BbIPA3UTL ¢ Kak NpeacTaBfeHo B YpaBHEHNM

N
P = ZX‘,’ -{(AOA)!' ‘|‘(A0}2)f ‘ T_l_BO,f Nt + CO,f ‘ln[Sinh(DOJ ‘ T)] _EO,;' |n[COSh(FOJ ‘ T)]‘|‘..
=1

%
.+ Gy -In[sinh(Hy ;- t)] = 1; -In[cosh(Jy; - T)]+Inx;} +1n : | In(?] .. (28)
N
, 18 98
. 5 36 53C, -t + YC, -1t .87 exp(—c, - 8"n).
K n=13 n=13

3HaueHus1 Bcex KoadbpnuneHToB (A, 1), (A, ,);, NOT By ; 80 J, ; ANA naeanbHOro rasa faHbl B Npuoxe-
HAM B anga Bcex 13 21 BO3MOXHOIo KOMMNOHEeHTa rasa.

[Tpon3BoaAHLIE OT ¢ MO (OTHOCUTENBHOW) NMOTHOCTU N (OBpAaTHON NPUBEAEHHON) TEMNepaType, KOTOpbIE
HeoOXxoAUMbl ANSA BbIMUCNEHUA Pa3NUYHBIX TePMOAMHaAMUYECKNX CBOMUCTB, MOXHO MOMy4YUTb U3 ypaBHe-
Hu (C.2)—(C.6) (npunoxeHue C). HakoHel, pasnuuHblie TepMognHaMmmnyieckme cCBOUCTBA MOXKHO paccumTaTth
10 ypaBHeHuaM (17 )—(26). 3HaveHus koddduumneHtToB b, , ¢, k. 1 U, U napameTpos C , ABNAKOLWMXCA PYHKLN-
AMWN MONSAPHLIX 40N1eN KOMIMOHEHTOB, NpuBedeHbl B NpunoXxeHun D.

Bonee nogpobHoe n3noxeHue npoLeayp BblMUCIEHUA NpeAcTaBeHo B NpunoxeHum F.

6 YcnoBusa npumeHeHUNA

6.1 JaBneHue n Temneparypa

MeToa HacTosIlWero ctaHgapTa NMPUMEHUM TOMbKO K rasam, NoAroTOBMEHHbIM ANd TpaHCNopTUPOBaHUSA
Mo MarnmcTpanbHbIM razonposoaam (6.2), B AgManasoHax gaBneHnn 1 TeMnepartyp, rnpu KoTopbiX 0BbIMHO OCY-
LLIECTBIAOT TPAHCNOPTUPOBaHNE N pacnpeaeneHne raza. CooTBeTCTBYHOLWME Anana3oHbl AaBNeHUA U TeMne-
paTyp npeacrtaBneHbl B Tabnuue 2. HacTtoaAwMn MeTod MPUMEHUM TOMbKO K CMecsiM B rasoobpasHom
COCTOSIHUN, N HA HEro pacnpocTpaHsaeTcs cneunarnbHoe orpaHn4eHne, YTo OH He AO0SKEeH NPUMEHSATLCH AN
Kaknx-nnmbdo ycnoBui, Korga pacyeTHoe 3HaveHmne pakropa CXMMaeMocTn MoXeT bbiTb MeHee 0,5.

Tabnwuwua 2 — YcnoBusa NnpUMeHeHUs metoaa (gasneHne n temneparypa) ans rasa, nogrotToBneHHOro Ans TpaHc-
NOPTUPOBAHUSA NO MarucTparnbHbIM ra3onpoBogam
[NasneHue (abcontotHoe), MIla 0<p<30
Temnepartypa, K 250 < T <350

6.2 a3, noaroroBneHHbIN ANA TPAHCNOPTUPOBAHUA MO MarucTpanbHbIM rasonpoBoAam

[[a3oM, NOAroTOBMNEHHBIM ANA TPAHCNOPTUPOBAHUA NO MarncTpalnbHbIM rasonposogam, creayeT CcyK-
TaTb NPUPOAHBLIN (MK eMy NoA0OHLIN) ras, cHabXXeHHbIM AaHHBIMW O KOMNOHEHTHOM COCTaBe — COAEPXKaHMNU
OCHOBHbIX 1 BTOPOCTEMNEHHbIX KOMMOHEHTOB B AManasoHax MOJMAPHbLIX A0MEeN, yKkasaHHbIX B Tabnuue 3.

Bo3MOXHbIe crefoBble KOMMOHEHThLI NPUPOAHOro rasa M KOHKpeTHble pekoMeHaauun no mnx ydety —
CM. npunoxenmne F. OblWee cymMmapHoe coaepaHue cnedoBbiX KOMMOHEHTOB He AOMMKHO NpeBbIWAaTh
0,0005 monsipHon gonu.
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Tabnwuua 3— duanasoHbl 3Ha4YEHUN MOMAPHbBIX A0NTEN OCHOBHbLIX U BTOPOCTENEHHbBIX KOMMOHEHTOB NPUPOAHOIo rasa

[TopsaakoBbIM HOMEP | KOMMNOHEHT [lnanasoH aHavYeHUM MONAPHOU O0NU
1 A30T 0<xN,<0,20
s [Hnokeng yrnepoaa 0<xCO, <0,20
3 MeTtaH 0,7 <xCH, 1,00
4 JTaH 0<xC,H;<0,10
5 [1ponaH 0 <xC,Hg; 0,035
6+7 H-byTtaH + n3obyrtaH 0<xC,H,,<0,015
8+9 H-[leHTaH + n3oneHTaH 0<xC;H,, £0,005
10 H-[ ekcaH 0 <xCgH,, 0,001
11 H-[ enTaH 0 <x C,H,; <0,0005
12+13 +14 H-OKTaH + H-HOHaH + H-AeKaH 0 <xCg+<0,0005
15 Boaopona 0<xH,<0,10
17 MoHokeua yrnepoga 0D<xCO<0,03
18 Bopa 0 <xH,0 <0,00015
20 [enun 0 <xHe <£0,005
16 Kncnopon 0<x O2 < 00,0002
19 CepoBoaopo 0 <xH,S<0,0002
2 AproH 0D <xAr<0,0002

7 OueHka HeonpeaeneHHOCTeN pacyeTa CBONCTB

7.1 HeonpepeneHHOCTU pacyeTa CBOUCTB ANA rasa, NoAroToBNeHHOro AnA TpaHcnopTupoBaHus
Nno MarucTpanbHbIM ra3onpoBogam

7.1.1 OunarpaMmbl HeonpegeneHHOCTEN ANA MeTaHa

B kayecTBe npumepa Ana HeonpeaeneHHOCTEN, KOTopble MOXHO OXuaaTb AN CMecei, coaepXKallux
MONSAPHYI0 400 MeTaHa, 6rIM3Kyto K eaAnHULE, Ha pucyHKax 1—3 npeacTaBneHbl COOTBETCTBEHHO AMarpaMmmel
HeonpeaeneHHocTen Ansa dakropa CKMMaeMoCTN, CKOPOCTU 3BYKa U 3HTanbnum Yuctoro MmeTtaHa. Heonpege-
NTEHHOCTb, BblpaxkeHHas ¢ 95%-Ho AOBepUTEnNbHOW BEPOATHOCTLIO, AaHHasA ANd Kayaow obnactu, npeacTas-
naetT Haubonbluee 3HadYeHMe B npedenax CyMMbl HeonpeaeneHHOCTW B 3aclyXMBaloWMX [OoBepus
CNpaBOYHbIX AaHHbIX U pa3HULbI MeXay cnpaBOYHbIMU JaHHBIMU N 3
TOAOM HacToslero ctaHaapTa. Mcnonb3oBaHHble cnpaBoYdHble Aak

aeHHbIM B [10].

Y
30

25
20

15
10

5
0

Ha4YeHUAMU CBOUCTBA, pacCHYUTaHHOIo Me-

Hble paccynTaHbl NO ypaBHEHUSAM, NPUBE-

250 260 270 280 290 300 310 320 330 340 350 X

X — temneparypa, K; Y — gaenenue, Mla; a — gnanasoH oTHOCUTENBHOW pacllupeHHon HeonpeaeneHHocTu £ 0,08 %;
b — AnanasoH OTHOCUTESNIBHOW pacLlupeHHon HeonpeaeneHHocTn + 0,04 %

PucyHok 1 — Huarpamma pacumpeHHON HeonpeaeneHHOCTN Ans akropa CXmmMaemMocTn metaHa Z
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Y
30

25
20

15
10

° _
0
250 260 270 280 290 300 310 320 330 340 350 X

X — 1temneparypa, K; Y — nasneHue, Mla; a — gamanasoH OTHOCUTENBHOW paclunpeHHon HeonpeaeneHHoctu £ 0,20 %; b — anana-
30H OTHOCUTENBLHOW paclLlUpeHHon HeonpeageneHHocTn £ 0,05 %

PucyHok 2 — Hdwnarpamma pacwmpeHHON HeEonpeaeneHHOCTU A5 CKOPOCTU 3BYKa B METaHE W

Y
30

25
20
15
10

o

0
250 260 270 280 290 300 310 320 330 340 350 X

X — temnepartypa, K; Y — naenerue, Mlla; a — gnanasoH abconioTHOW pacluupeHHon HeonpeeneHHocTn + 3 kIbk/kr; b — auanasoH
abCoNTHOU pacllnpeHHOU HeonpeaeneHHocTu £ 2 kIbk/kr; ¢ — anana3oH abcontTHOU paclUMpeHHon HeonpeaeneHHocTu £ 1 kIbhx/kr

PUCYHOK 3 — [marpamma paclumpeHHON HEONpPeaeeHHOCTU ANA 3HTanenum metaHa H

7.1.2 OuarpamMmbl HeonpeAaeneHHoCcTen ANA NPpUPOAHOro rasa

B kavyecTBe npumepa HeonpeaeneHHOCTEN, KOTOPLIE MOXHO OXMAaTb ANdA NPUPOOAHOro rasa, Ha pUCyH-
kax 4—06 npeacTaBneHbl COOTBETCTBEHHO AMarpaMmMbl HeonpeaeneHHOCTeN ANa pakTopa CKUMaeMOCTU, CKO-
POCTWN 3BYKa WM 3HTanbNuUKU. HeonpeaeneHHOCTb, BhipaXeHHad ¢ 95%-HOU OOBepUTENbHON BEPOATHOCTLIO,
OaHa ansa kaxxgown odbnactn HanbonbLUKMX OTKIMOHEHWN (ONA LUMPOKOro cnekTpa npupodHbIX ra3zoB) Mexay nsme-
PEeHHbIM 3Ha4YeHNeM CBOUCTB U 3Ha4YeHUeM, pacCunTaHHbLIM C UICNONb30OBaHUEM MeToda HACTosALLero ctaHaap-
Ta. Ana gakTopa CKMMaeMOCTU SKCnepumMmeHTarnbHble 3HavyeHUs B34aThl U3 [10]; ana ckopoctu 3Byka — 13 [11];
a ang sHtanbnmnm — n3 [12].

[TpnumedyaHune 1 —]lnaBcex razos gnarpamMmma HeonpeaeneHHoCTN A NNOTHOCTUN MOEHTUYHA Mo PopMe Oun-
arpamme anst pakropa CXMMaemoCcTy.

[MTpumevanwmne 2—[Ina Bcex ra3oB HeonpeaeneHHoOCTb AN nokasarens aguabartsl NpubnnanTenbHO B ABa
pa3a bonblie HeonpeaeneHHOCTU Ans CKOPOCTU 3BYKA.

Y
30

25
20
15
10

<

0
250 260 270 280 290 300 310 320 330 340 350 X

X — temnepartypa, K; Y — nasneHue, Mlla; a — gnanasoH OTHOCUTENbHOWU paclumpeHHou HeonpepgeneHHoctu £ 0,4 %; b — ananasoH
OTHOCUTENBHOM pacllnpeHHon HeonpeaeneHHoctu £ 0,2 %; ¢ — auMana3soH OTHOCUTENbHOW paclumpeHHon HeonpeaeneHHoctu £ 0,1 %

PUcyHok 4 — Hunarpamma pacwmpeHHON HeonpeaeneHHOCTU ans akropa CXmmMaeMoCcTy NpupogHoro rasa £
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Y

30
25
20
15
10 -

o

0
250 260 270 280 290 300 310 320 330 340 350 X

X — Temneparypa, K; Y — naeneHue, Mla; a — ananasoH OTHOCUTENbHOW paclunpeHHon HeonpeageneHHoctu = 2,0 %; b — aunanasoH
OTHOCUTENBLHOW pacllnpeHHon HeonpeneneHHoctTn £ 0,8 %; ¢ — AnManasoH OTHOCUTENBHOU paclLMpeHHOn HeonpeaeneHHocTu £ 0,2 %

PucyHok 5 — [unarpamma pacwumpeHHOU HeonpeaeneHHOCTN Ans CKOPOCTU 3ByKa B NMPUPOOHOM rase w

Y
30

25
20
15
10

o

0
250 260 270 280 290 300 310 320 330 340 350 X

X — temneparypa, K; Y — naenenune, Mla; a — gnana3oH OTHOCUTENBHOW pacluMpeHHoU HeonpegeneHHocTu £ 0,20 %;
b — AnanasoH OTHOCUTESNILHOW pacllUpeHHoU HeonpeaeneHHoctn + 0,05 %

PUCYHOK 6 — [unarpamma pacwmpeHHON HeonpeaeneHHOCTN AN 3HTanbnm NpupoaHoro rasa H

[na CBOUCTB, OTNUYHLIX OT pakTopa CKMMaeMOoCT, NIOTHOCTU (ANA KOTOPOWU AMarpaMmma Heonpene-
NEeHHOCTU Takas Xe, Kak 1 ANsa oakTopa CKMMaeMOCTU), CKOPOCTU 3BYKa U 3HTaNbMUN, He4oCTaToK 3acnyXX1Ba-
IOLLIX A0BepUst (YPOBHSA peKoMeHayeMbIX) sKenepuMeHTarnbHbiX AaHHbIX AeNaeT HEBO3MOXHbBIM obecrneyeHne
OOCTOBEPHbIX OLleHOK HeonpeaeneHHocTen. OgHako MOXHO gaTb HEKOTOPLIE pekoMeHaaLunn.

[ns1 ra3oB npu HU3KNX AaBneHusix (HmxKe, kak npasuno, 1 MlMa), seaywinx cedbsa nogodbHo naeanbHOMY
rasy (pakrtop cxmmaemoct donee yem 0,95), MOXKHO OXMOaTb, UTO BCE KanopuUveckne CBOUCTBA AOMKHbI
ObITb NOMy4YeHbl C Marnon HeonpeaeneHHoCTbo. ITO cneayeT U3 Toro pakra, UTo B paccMaTpuBaeMOM Yac-
THOM chnydyae bonbllasg 4yacTb KaXXOoro CBOUCTBA onpeaensietcsl U3 naeanbHO-ra3oBo 4yactih cBoOOAHOM
dHeprun NenbmronbLa, KoTopas byaydm paccumtaHa NpsiMo M3 BbICOKOTOUYHBLIX AaHHLIX MO M300apHON Tenno-
eMKOCTU naeanbHoOro rasa (npunoxeHue B) cama aBnaeTca BbICOKOTOYHOU. B Takom cnydae HeonpeaesneH-
HOCTW ONSA NMOTHOCTK, pakTopa CKUMAEMOCTU, CKOPOCTU 3BYKA, U3OXOPHOMN N N30DapPHOW TEMNOEMKOCTH,
nokasatens aguadartbl n kosdduumneHTa xoyna-TomncoHa Haxoaatcs B npegenax 0,1 %.

7.2 BnuaHue HeonpegeneHHOCTEU BXOAHbIX NepeMeHHbIX

[Tonb3oBaTenb AOMKEH UMeTb B BUAY, YTO HeonpeaeeHHOCTN BXOAHbIX BENMMYKH (AaBNeHns1, Temnepa-
TYPbI U MOJTAPHBLIX A0Nen KOMMOHEeHToB) OyaAyT AaBaTb ACMONMHUTENbHYIO HEONpPeaeNeHHOCTb NMPW pacyeTe Nio-
boro ceoncTtBa. lMpu peweHnn nNOOON KOHKPETHOM 3adadu, Koraa AONoSIHUTEenbHas HeonpeaeneHHoCTb
BHOCWUT CYLLIECTBEHHbIE KOPPEKTUBLI, NOMb30oBaTeNb AOIMKEH onpeaenunuTb ee 3Ha4YyeHKe.

8 OdgopmMneHUe pe3ynbTaToB pacyeToB

B cooTBeTCTBUU C eANHULLAMKX BENMNYNH, MPpUBEeAEeHHBIMU B pasgene 4, 3Ha4eHUsa paccyUTaHHbIX TEPMO-
OUHaAMKUYECKNUX CBOUCTB AO0MKHbI ObITb 3anMcaHbl C YACNOM 3HaKOB Noche 3andToun, ykasaHHbIM B Tabnuue 4. B
pesynbTaTax pacyeToB HeOOXOANUMO YKasbliBaTb 3HAYEHUS TeMnepaTypbl, AaBNeHUs (M1 NNOTHOCTU) N KOM-
MOHEHTHLIN COCTaB, ANA KOTOPLIX Nony4veHbl pesynbTaTthl. ICNoNnb3oBaHHLIM MeTod pacyeTa QOMMKeH coaep-
XKaTb CChINKY Ha HacToALWMN cTaHaapT.

[1ns npoBepKn He crneayeT UCNoNb3oBaTh NUWHME LUndpbl (CM. NpuMep B npunoxexHun G).
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Tabnuwua 4 — OdopmneHne pesynsTaros
QObo3HaveHue CBOUCTBO EanHuubl BENUYKUH KONnU4ecTBO 3HAKOB
/ DakTop CXUMAEMOCTH — 4
P MonsipHas NIOTHOCTL KMOIb/m3 3
D [TnoTHOCTL K/ M3 4
U MonspHasa BHYTPEHHAS 3HEPIUA KI>K/KMOIb 0
U YaenbHas BHYTPEHHASA 3Heprus KIDK/KT 1
h MonspHas sHTanbnus KK/ KMOnb 0
H YaenbHasa sHTanbMUA KIbX/KMOnNb 1
) MonspHasa aHTpoNus kx/(Kkmonb - K) 2
S YaenbHas SHTPONuS kKIK/(Kr - K) 3
C, MonspHas n3oxopHast TENNMOEMKOCTb kx/(kmonb - K) 2
C, YaenbHas n3oxopHas TennoeMKoCTb KIDK/AKr - K) 3
C, YaenbHasa naobapHasi TENNOEMKOCTb kKIDK/AKr - K) 3
L KoatppunumeHT [xxoyna-TomcoHa K/MI'a 2
K [MokazaTtenb agnabartsbl — 2
w CKOpOCTb 3BYKa Mm/C 1

[MpnnoxeHve A
(cnpaBo4HOe)

UcxopgHble nonoXxeHua gna oyHaAaMeHTanbHOro ypaBHeHUA COCTOAHUA
ana ceobogHoun aHepruu NenbMronbLa

YpaBHeHue coctosHus [8] AGAS 6bino onybnukoeano B 1992 r. KomMuteToM NoO N3MEPEHNAM MNPU TPAHCNOPTUPOBKE
raza AMepPMKaHCKOW ra3oBon accoumaumm Kak Meto AN BbICOKOTOYHbLIX BbIYUCIIEHUN dpaKTOpa CHUMAEMOCTU. B aTon
CB$13U OHO SIBNSIETCH OO BEKTOM paccMoTpeHust. [nsa BblMMCNEHNM HA OCHOBE ypaBHeHUs1 cocTosiHuA AGAS8 Bcex Tepmoaun-
HaAMNYECKUX CBOUNCTB HEODBX0AMMO BbINOMHUTL ABA OCHOBHbIX TPebOBaHUS:

a) ypaBHeHue AOImKHO ObiTb MaremaTudecku npeobpasoBaHo K Buay, rae mabbiTouHasi cBobogHasi SHeprus
[fenbMronbUa NpeacTaBnseTcsa B SIBHOM BUAE, TO €CTb B BUAE PyHAAMEHTANBHOIO YPaBHEHUS COCTOAHUSA AN CBODOAHOW
aHeprun ['enbmronbua. Ha ocHOBE COOTBETCTBYIOWMNX COOTHOLWEHUN [8] MOXHO paccunTbiBaTh BCE N3DLITOYHbIE TEPMOAN-
HaMU4eCKne CBOUCTBA U3 N3DbLITOYHOW CBODOAHOW 3HepPrumn ['enbmMronbLa n ee NPoU3BOAHbIX NO TeMNepartype u NMNOTHOC-
TN KaK napamMeTpoB COCTOSAHUS;

b) ansa pacdera Kanopu4ecknx CBOUCTB HEODXOAMMO Hanu4vme unaeanbHO-ra3oBOW COCTABNSAOWEN CBODOAHOW
aHeprun ['enbmMroneua Kak QyHKumMn Temneparypsl. B atom cnyvae yenecoobpasHo ncnonb3oBaTb COOTBETCTBYHOWMNE CO-
oTHoweHus [13], [14] anst naeanbHO-razoBon N30H6apPHON TENNOEMKOCTU. [1pn 3TOM Takke TpebyroTCcs NPON3BOAHbLIE CBO-
bogHomn sHeprum ['enbmMronbLa Mo napameTpam COCTOSAHUS.

[TpenmyecTBO NPUMEHEHUS B COBOKYNHOCTU NAanbHO-ra3oBon N HEWZearnbHOW COCTaBNAKWMNX CBOOOAHON 3HEP-
v [ enbMronbua CoCTOUT B TOM, YTO NPOU3BOAHbIE, HEODX0AMMbIE ANA BbIYHUCNEHUA TEPMOANHAMUYECKUX CBOUCTB, MOX-
HO NONy4YnTb B aHanutudeckon dopme. CrnepoBarteribHO, HET HeObXOAMMOCTU B HYMUCIIEHHOM WHTErPUPOBaHUK C
NCMONb30BAHUEM COOTBETCTBYIOLLMX KOMIMbIOTEPHbBIX NPOrPamMm; BblYUCITUTENBHbIE NPOBNEMbI MOXHO YNPOCTUTL U BPEMS
BbI4YUCIIEHUS COKPaATUTD.

[Tpeanaraembin MeTO4 BbIMUCIEHWN cneayeT NPUMEHATb B MPUKITAAHbIX MporpaMmmax, B YHaCTHOCTU B NporpaMmmax,
KOTOPble MOXHO UCNOMb30BaTb NMPY TPAHCNOPTUPOBAHMK U pacnpeaeneHnmn rasa.

14
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[MpnnoxeHve B
(obsA3aTenbHoOE)

WpeanbHo-razoBasd cBobogHana aHeprua NenbmronbLua

B.1 BbliuncneHve naeanbHoO-ra3oBOW COCTABIAIOLWEN CBOOOAHOW 3Heprnn [ enbMronsLa

a) VpeanbHo-ra3oByo N300apHyo TENNOEMKOCTb MHAMBUAYANbHOrO KoMnoHeHTa no [13], [15] moXHO 3anncaThb B
creayrouwem Buae

- 2 - 2 - 2
C . D .. | ST H- .-
( U,p)f :BOE+COF | 0 ¥ +E0; 0,V +Go;‘ | 0,V L
R ’ "I sinh(Dg;-t) "lcosh(Fy; 1) "I sinh(Hg; 1)
- 12
» B.1
Y A B i | S
lcosh(Jy; T)

YpaBHeHue (B.1) moxHo 0606WmnThL HA cnydYan N-KOMNOHEHTHOW CMECK, UCNONb3ys Cneaytouee ypaBHeEHNE

Cop <h (Cgp)
’ — X . ’ _ BZ
= ; = (B.2)

b) 370 ypaBHeHve Ansi naeanbHO-ra3oBon M3006APHON TEMMOEMKOCTU C, , MOXHO BKIIOUMNTL B YpPaBHEHUE (8) Ans
OTHOCUTENbHOW CBOBOAHOW 3Hepruu [ enbmronsua ¢,. B pesynbtare nony4amT ypaBHEHNE

N
Po :fo'{(A0,1)f+ (Ag 2)i- T+ By j-Int+ Cy ;-In[sin h (Dy ;- 1)] — Eq ;-In[cos h(Fy ;- T)] +...
i=1

(B.3)
.+ Gy i-Infsinh(Hy ;- 1)l =14, ;-In[cos h(Jy ;- 1)] +inx;} +1n ; -n (1:9]
8

B ypaBHeHun (B.3) kOHCTaHThI (A, ), U (A, ,); CBA3LIBAIOT C KOHCTAHTaMV MHTErPUPOBaHUS (S, 4); U (M o ); YPaBHe-
HUA (8) B COOTBETCTBUN C YPABHEHUAMMN!

(Ag 1)i==1(Sp )i/ R+ By ;= 1; (B.4)

(Ag 2); = (hg ¢);/R- L. (B.5)

BaxxHo oTMeTnThb, 4TO B ypasHeHuu (B.3) ¢ , ABnseTca PyHKUMEN OTHOCUTENBHOW MOJIAPHOMN NITOTHOCTU & pearibHO-
ro rasa, a He OTHOCUTENBbHOW MOJISIPHOW NNTOTHOCTU nAaeanbHOro rasa u, crnegoBaTefibHO, HE MOXKET DbITb NONTHOCTBLIO pac-
cunmTaHa go Tex nop, noka 3HadveHune o HEM3BECTHO (CM. npunoxeHwe D). YpaBHeHue (B.3) ncnonbayloT ans pacyera

OTHOCUTENBHOW CBODOAHOW 3HEPruu [ enbmMronbLa naeanbHOro raaa.
c) Hanbonee ooCTOBEPHbLIE U3 U3BECTHLIX B HAYYHOW NuTepaTtype gaHHble 06 naeanbHO-ra3oBon n3obapHon Ter-
noemMkoctu [14] c, ) ObINM NCNONBb30BAaHbI B KAYECTBE NCXOAHbIX AAHHbIX A8 MONYYEHUSA YNCITEHHbIX 3HAYEHUWN KOHCTAHT C

Ay 00 J, Ans Kaxgoro u3 21 nHgnBugyanbHOro KOMMNoOHeHTa, paccMmaTpMBaeMoro B HacTosILWEM cTaHgapTe.
3HaYEHUs KOHCTaHT (A, )1 (A, ,);, @ TaKKke KOHCTaHT ¢ B ;80 J, ;, ucnonb3yemblie B ypaBHeHuu (B.3), npueeaeHb! B

Tabnuue B.1.

15
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Tabnwunuya B.1— 3HavyeHnsa KOHCTAHT ypaBHeHusA (B.3) Ans naeanbHO-ra3oBoOW COCTaBNAOWeEN cBODOAHON 3Heprum [ enbmroneua

[ KOMMNOHEHT (Ag 1), (Ag ), B, , Co Dy ; E, ; Fo G H, ; 1y Jo ;

1 A3oT 23,206530 | —-2801,72907 | 3,50031 0,13732 | 662,738 | -0,14660 | 680,562 | 0,900066 | 1740,06 O 0

2 | Ouokewp yrnepopa | 26,35604 | —4902,17152 | 3,50002 | 2,04452 | 919,306 | —1,00044 | 865,070 | 2,03366 | 483,553 | 0,01393 | 341,109
3 MeTaH 35,53603 | —15999,69151 | 4,00088 | 0,76315 | 820,659 | 0,00460 178,410 | 8,74432 | 1062,82 | 4,46921 | 1090,53
4 OTaH 4242766 | —23639,65301 | 4,00263 | 4,33939 | 559,314 | 1,23722 | 223,284 13,1974 | 1031,38 | —6,01989 | 1071,29
5 [TponaH 50,406609 | —31236,63551 | 4,02939 | 6,60569 | 479,856 | 3,19700 | 200,893 19,1921 955,312 | -8,37267 | 1027,29
6 H-byTaH 42,22997 | —38957,80933 | 4,33944 | 9,44893 | 468,270 | 6,894006 183,636 | 24,4618 | 1914,10 | 14,7824 | 903,185
7 N306yTaH 39,99940 | —38525,50276 | 4,06714 | 8,97575 | 438,270 | 5,25156 198,018 | 25,1423 | 1905,02 | 16,1388 | 893,765
3 H-[leHTaH 48,37597 | —45215,83000 4 38,9504 3 178,670 | 21,8360 | 840,538 | 33,4032 | 1774,25 0 0

9 MN3oneHTaH 48,86978 | —51198,30946 4 11,7618 | 292,503 | 20,1101 910,237 | 33,1688 | 1919,37 0 0

10 H-[ eKcaH 52,69477 | -52746,83318 4 11,6977 182,320 | 26,8142 | 859,207 | 38,6164 | 1826,59 0 0

11 H-[ enTaH 57,77391 | =57104,81056 4 13,7266 169,789 | 30,4707 | 836,195 | 43,5561 1760,46 0 0

12 H-OKTaH 62,95591 | —60546,76385 4 15,6865 158,922 | 33,8029 | 815,064 | 48,1731 1693,07 0 0

13 H-HoHaH 67,79407 | —66600,12837 4 18,0241 156,854 | 38,1235 | 814,882 | 53,3415 | 1693,79 0 0

14 H-JlekaH 71,63669 | —74131,45483 4 21,0069 164,947 | 43,4931 836,204 | 58,3657 | 1750,24 0 0

15 Boaopopn 18,77280 | -5836,94370 | 2,47906 | 0,95806 | 228,734 | 0,45444 | 326,843 1,56039 | 1651,71 -1,3756 1671,69
16 Kucnopoga 22,49931 | -2318,32269 | 3,50146 | 1,07558 | 2235,71 1,01334 1116,69 O 0 O 0

17 | MoHokeung yrnepopa | 23,15547 | —-2635,24412 | 3,50055 | 1,02865 | 1550,45 | 0,00493 | 704,525 0 0 0 0

18 Boaa 27,27642 | —7766,73308 | 4,00392 | 0,01059 | 268,795 | 0,98763 1141,41 3,06904 | 2507,37 0 0

19 CepoBogopoa 27,28069 | —6069,03587 4 3,11942 | 1833,63 | 1,00243 | 847,181 O 0 O 0
20 ["fenunn 15,74399 | —745,37500 2,5 0 0 0 0 0 0 0 0
21 AproH 15,74399 | —-745,37500 2,5 0 0 0 0 0 0 0 0

600¢—C99'8 4 100
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B.2 NponzBoaHble OT naeanbHO-ra3oBOW COCTABNAIOLLEN CBODOAHON 3Heprun enbMronbsLua

I[1ns BbluMcNeHUs psga TepMoamHaMmnYeCcKnxX CBOMCTB HEOBXOAMMO UMETBL NMNEPBbLIE N BTOPbIE YAaCTHbIE NPOU3BOAHbIE
OT naearnbHO-ra3oBoON COCTaBNAKLWeEN cBoboaHON 3Heprum [ enbmMmronsua ¢, [ypaeHeHue (B.3)] no obpatHon oTHOCUTE -
HOW Temnepartype 1. Heobxognmbie gns 3TOro matemMaTu4eCkue BblpaXkeHus NpeacTaBnsaoT B BUAE YPABHEHUN!

0 N (B — 1) cosh(Dy;-t) sinh(Fy;-T)
Po, :( (po] :ZXF' (AO,Z)." | f | CO;"DU' 0. EU_,F'FOf 0, F...
0, X i

Ot Jsx,  im T "2 sinh(Dg; oty T'cosh(Fy; 1) -
cosh(H, ;- sinf(J..-1t) :
.H‘|—GU=J;'HOJ - ( 0, T) IU,I”JU,:" | ( 0. T) :
sinh(Hg ;1) cosh(Jy;-t)
82([) ) 2 Co D Al r (50;—1) I DO;’ 1 i FOI' 1K
P, = 20 =T ’ 1 :fo'< ’2 C(],;' : ’ _EO,I' ’ e
81: /S;Xf R f=1 X T _Sln h(DU,I 'T)_ _COS h(FO,;T)_
i 12 i 1? B.7
G Ho,; T Jo,i (B.7)
e O,f i - ng F'-
sinh(Hgy ;- 1) cos h(Jg ;- 1)
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[MpynoxeHue C
(oba3aTenbHoOe)

YpaBHeHUe cCOCTOAHUA AnA cBoO6OAHON 3Heprun NenbMronbLa

C.1 BbiuncneHve cBobogHown aHeprum lenbmMmronsua

OTHOCUTENBbHYO CBODOAHYIO aHeprmio [ enbMmronbua Ansl ra3oBOW CMEeCH 3aJaHHOro cocrtaBa pPacCHMUTLIBAOT MO
YPABHEHWIO

(C.1)

B.§5  d8 ] 58 o )
P =0g+— SZCH-T”JrZCH~T”~5”~8)¢J(—CH*6”),
K n—13 n—13

rge ¢, PaccynThLIBaOT B COOTBETCTBUM C npunoxeHnem B. Ty vacte ypasHeHus (C.1), KoTopas ydnTbiBaeT HENAEAlbHYIO
COCTaBnNsAKLWY cBObOAHON 3Hepruu [ enbMrornsua (BCS nNpaBas YacTb YPaBHEHUSA, 3a UCKITIOYEHNEM ¢,) ONPEeaensioT us
ypaesHeHus (11). YpaBHeHus ans pacyeta doyHkumn B (1, X), C (X) n K(X) B ypaBHeHuu (C.1) npueeaerbl B D.1. 3HaveHus

Pa3NnYHbIX KOHCTAHT B ypaBHeHun (C.1) aanbl B D.2.

C.2 lNpounssogHble oT cBOOOAHON 3Heprvun enbMronsLua

N5 BblumMCneHnsa COBOKYMHOCTU TEPMOANHAMNYECKNX CBONCTB TPEDBYIOTCHA NEPBLIE U/UNKN BTOPbIE YACTHbLIE MPOUN3-
BOAHbIE NO 0OBpaTHON OTHOCUTENBHOW TEMMEpPATypPe U/ NN NO OTHOCUTENBHOWN NNOTHOCTU OT OTHOCUTENBHON CBOBOAHON
aHeprun ['enbmronsbua. Heobxoanmele Ans aTOro MareMmaTu4eckne BblpaXkeHns 3anucbiBaloT B BUAE YPABHEHWIA:

8@ S 18 " y 18 y
T-Q, =T| — =T Qg Yu,-B, t"-8>u -C,-t" + ...
5 X

aT P(3 1=1 1=13 )
5 (C.2
ot U, - Cyotth 8% cexp(—c, -8 );
n=13
. . az(p\ , 5 18 , x 18 ,
T P =1 ) =T ~Pg 1 | 3 (un_un)'Bn'TH_SZ(UH_UH)'CH'TUH+”*
0T )4 x K™ nat n=13
. (C.3)
.+ Z(uﬁ_un)-cﬂ-r“” . & ~exp(—cn-6k” );
n=13
, 18
6~(p8:6(8(p] :,“536 SZCH'TUH—I—.H
00 /. x K n=13
28 U b K K ((:J4)
it DX Co-t 8 (b, —C, -k, -81) exp(—C,-&");
=13
A(82.0.) . 18
@1:(62'([)6)6: 8(6 (pﬁ) :']—|—2'*BS6 Z2-0 ZCH'TUH—F”.
0o X K n=13
. - - (C.5)
ot DC, 18 b, —(1+k,)C, K, -85 +(b, —c, -k, 5 )2]exp(—c, 5% );
n=13
CAS 0./ 18 % 18
Py = —TZ(S-QSIT)T — —1° A8 @5/c) =11 83 : Z(’I—un)*Bn tin —§ Z(’I—un)~Cn—1:”” +o
aT K 1=1 n=13
i 18 x
(C.6)

oh!
o+ > (1-u,)-C, 1" 50 (b, —c, k, -8 Yexp(—c, -8 ).
=13

YpaBHEHUA N KOHCTaHTbLI, HEobXoanmble Ansa pacyerta no ypasHeHnsam (C.2)—(C.6), npuBegeHbl B npunoxenun D.

18
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[MpnnoxeHwne D
(obsA3aTenbHoOE)

MogpobHana nHdpopmauna no ypaBHEHUIO COCTOAHUSA

D.1 BcnomoraTtenbHble ypaBHEHUA

Ins pacveta no ypasHeHuto (C.1) HeobBXoanmo onpeaennuTb 3HAYEeHUs BTOPOro BUPUanbHOro koaduuymeHTa
B (1, X) hyHkumn C(X) n napameTtpa pasmepa K(X). Kpome Toro, Tak Kak ypaBsHeHune (C.1) BKNoYaeT B KA4eCTBE apryMmeHTa
OTHOCUTEIBHYIO MONSAPHYIO NITOTHOCTL 8, HEOHBXOANMO NONY4YNTL €€ 3HA4YEHUE NPU 3a4aHUN JABINEHUSA B KAYECTBE BXOAHOM
NepeMeHHON. ITU Warn paccMmaTpuBatoTCs B nepevncnenmnsax a)—d):

a) BTOPOW BUpPUAanbHbIM KOIPDOULUNEHT paccunTeiBatoT No ypaBHeHusm (D.1)—(D.5) ¢ ncnonb3oBaHnem Heobxoau-

MbIX KOHCTaHT 13 1abnunuy D.1—D.3:

18
B(1,X)=> B, -1, (D.1)
n=1
* Shy * u 3/ 2

rae B, =a,), ) X X; By - Ejf" -(KK;)™?, (D.2)

i=1 j=1
rac Bn{f :(G,f;' ™ 1_gn)gn (QfQj T 1_QH)qn( F,'Fj T 1_fn)fn (Sij T 1_Sn)3n (VV,'VVj T 1_Wn)wn ) (:)3)
E; =E; - JEE,. (D.4)

b) dyHkumm C, (ans n ot 13 go 58) paccunteiBatoT nNo ypasHeHnsam (D.6)—(D.10) ¢ ncnone3oBaHmnem HeobXoaNMBbIX
KOHCTaHT u3 tabnuu D.1—D.3:

C.(X)=a{G+1-g,)" (Q° +1-q,)% (F + 1-f,)n V" (D.6)
N 2 N1 N
rae V5={ZX;'E?’2] +2: 2 2 %X (V7 = DEE)N"S (D.7)
f=1 f=1 f=i+1
N N-1 N *
G=>xG;+ ) Zx,,.xj(eg ~)(G; + G)); (D.8)
i=1 =1 f=i+1
N
Q:ZXF.QI.; (:)9)
=1
N
F=Zx,-2-E.-. (D.10)

=1

B tabnuue D.2 F; paBHbl HYyMO ANl BCEX KOMMOHEHTOB, 3a UCKIMIOYEHNEM Bogopoaa, ans kotoporo F5 = 1,0, a W,
PaBHbI HYNO ANl BCEX KOMMOHEHTOB, 3a UCKNOYeHneM Boabl, ans kotopon Wig = 1,0. MHorne na napamerpos BUHAPHOIO

B3anmogencTBus B Tabnuue D.3 paBHbl eANHULE;
C) cmeceBoun napameTp pasmepa K(X) paccunteiBatoT no ypasHeHuto (D.11) ¢ ncnonb3oBaHMEM HEODBXOANMbIX KOH-

cTaHT 3 tabnuuy D.2 n D.3

N 2 N N
K(X)? ={fo.K,.5’2] r2-) Zx,,.-xj*(Kg—n(Kij)f”?. (D.11)
i=1

i=1 j=i+1

MHorve 3HaueHus K; paBHbl eOUHULE;
d) OTHOCUTENBLHYIO MONSIPHYIO NNOTHOCTL o (P, T, X) ONPeaensatoT B pedynbraTe peweHuns ypaBsHenus (D.12) (aTo

ypaBHEHUE NOMNyYeHO U3 ypaBHEHUSA (27) HACTOSLWEro cTaHaapTa, NpeobpasoBaHHOIO K ABHOMY BUAY ANS AaBNEHUS)

) . 18 58 -
K 1 iaa 5 2.Cp-t™ + 2.C,p1t 8% (b, —cp ok, 8 Yexp(—c, -8 ). (D.12)
* 1n=13 n=13

0-R-L
p:
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YpaeHeHue (D.12) pewatoT ¢ UCNonb30BaHMEM CTaHAAPTHLIX alropuTMOB pacyeTa NNOTHOCTU MO YPaBHEHUIO CO-

CTOHAHUA.

AGAS
nvue

D.2 3Ha4YeHMA KOHCTAHT ANA ypaBHEHUA COCTOSIHUA

HacToswmn pasgen coaepXuT 3HA4YEHNA BCEX KOHCTAHT, HEOBX0AUMBIX ANl UCNOMb30BaHUA YPaBHEHUSI COCTOSIHUA
B ypaBHeHusX (C.1Yu (D.1)—(D.12). B tabnuue D.1 gaHbl 3Ha4YEHUSA KOHCTAHT CaMOro ypaBHEHUSA COCTOSHUS. B Tab-
D.2 npeacTaBneHbl 3HAYEHUS XapakTepUCTUHECKMX NapamMeTpoB, onpeaenstowmx CBONCTBA MHANBUAYATTbHbBIX KOM-

MOHEH

ToB cmecn. B Tabnuue D.3 pgaHbl 3Ha4veHust napameTpoB OMHAPHOro B3aMMOAEUCTBUSA MEXAY MONEKynamu

Pa3liMyHbIX KOMIMTOHEHTOB CMECH.

abnunya D.1— KosdhdunumeHTbl ypaBHEHUS COCTOSHUS

4 9 b, Cn K, Yn 9n 95 , S W,
1 0,153832600 1 0 0 0,0 0 0 0 0 0
2 1,341953000 1 0 0 0,5 0 0 0 0 0
3 —2,998583000 1 0 0 1,0 0 0 0 0 0
4 —0,048312280 1 0 0 3,5 0 0 0 0 0
5 0,375796500 1 0 0 —-0,5 1 0 0 0 0
6 —1,589575000 1 0 0 4,5 1 0 0 0 0
7 —0,053588470 1 0 0 0,5 0 1 0 0 0
8 0,886594630 1 0 0 7,5 0 0 0 1 0
9 —0,710237040 1 0 0 9,5 0 0 0 1 0
10 —1,471722000 1 0 0 6,0 0 0 0 0 1

11 1,321850350 1 0 0 12,0 0 0 0 0 1

12 —0, 786659250 1 0 0 12,5 0 0 0 0 1

13 2,291290 x 10 1 1 3 —6,0 0 0 1 0 0
14 0,157672400 1 1 2 2,0 0 0 0 0 0
15 —0,436386400 1 1 2 3,0 0 0 0 0 0
16 —0,044081590 1 1 2 2,0 0 1 0 0 0
17 —0,003433888 1 1 4 2.0 0 0 0 0 0
18 0,032059050 1 1 4 11,0 0 0 0 0 0
19 0,024873550 2 0 0 -0,5 0 0 0 0 0
20 0,073322790 2 0 0 0,5 0 0 0 0 0
21 —0,001600573 2 1 2 0,0 0 0 0 0 0
22 0,6424 70600 2 1 2 4,0 0 0 0 0 0
23 —0,416260100 2 1 2 6,0 0 0 0 0 0
24 —0,066899570 2 1 4 21,0 0 0 0 0 0
25 0,279179500 2 1 4 23,0 1 0 0 0 0
26 —0,696605100 2 1 4 22,0 0 1 0 0 0
27 —0,002860589 2 1 4 -1,0 0 0 1 0 0
28 —0,008098836 3 0 0 —-0,5 0 1 0 0 0
29 3,150547000 3 1 1 7,0 1 0 0 0 0
30 0,007224479 3 1 1 -1,0 0 0 1 0 0

N
-




OkonyaHue mabnuubi D. 1
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n a, b, ¢ K, Uy 9y qn , Sp Wi
31 —-0,705752900 3 1 2 6,0 0 0 O O 0
32 0,534979200 3 1 2 4.0 1 0 O O 0
33 —-0,079314910 3 1 3 1,0 1 0 O 0 0
34 -1,418465000 3 1 3 9,0 1 0 0 0 0
35 | —5,99905 x10-1/ 3 1 4 -13,0 0 0 1 0 0
36 0,105840200 3 1 4 21,0 0 0 0 0 0
37 0,034317290 3 1 4 8,0 0 1 O 0 0
38 —0,007022847 4 0 0 -0,5 0 0 0 0 0
39 0,024955870 4 0 0 0,0 0 0 0 0 0
40 0,042968180 4 1 2 2,0 0 0 0 0 0
41 0,746545300 4 1 2 7,0 0 0 0 0 0
42 —-0,291961300 4 1 2 9,0 0 1 0 0 0
43 7,294616000 4 1 4 22,0 0 0 O O 0
44 —-9,936757000 4 1 4 23,0 0 0 O O 0
45 —0,005399808 5 0 0 1,0 0 0 O O 0
46 —-0,243256700 5 1 2 9,0 0 0 O 0 0
47 0,049870160 5 1 2 3,0 0 1 O 0 0
48 0,003733797 5 1 4 8,0 0 0 O 0 0
49 1,874951000 5 1 4 23,0 0 1 0 0 0
50 0,002168144 6 0 0 1,5 0 0 0 0 0
51 —-0,658716400 6 1 2 5,0 1 0 0 0 0
52 0,000205518 7 0 0 -0,5 0 1 0 0 0
53 0,009776195 7 1 2 4,0 0 0 0 0 0
54 —-0,020487080 8 1 1 7,0 1 0 0 0 0
55 0,015573220 8 1 2 3,0 0 0 O 0 0
56 0,006862415 8 1 2 0,0 1 0 O 0 0
57 —0,001226752 9 1 2 1,0 0 0 O 0 0
58 0,002850908 9 1 2 0,0 0 1 0 0 0

Tabnwuua D.2— Xapakrepuctuieckme napameTpsl MHAMBUAYyarbHbIX KOMMOHEHTOB
BbICOKO-

| s | oo | Napaver | o bl et | TEMTEP3- | i papa. | MEpAMETE

/ ROMMOHEHT M. napameTp pasmepa K, | nabamerp | napamerp | TYPHBIM verp | 2ccotmalny
P, E (M3/kmonb )73 G Q napal:rxj'leTp S, W,

1 | A3oT 28,0135 99,737780 | 0,4479153 | 0,027815 0,0 0,0 0,0 0,0

2 | Hvokena
yrnepoga 44 010 | 241,960600 | 0,4557489 | 0,189065 | 0,690000 0,0 0,0 0,0
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OkonyaHue mabnuubi D.2

_ Mo | bt | navawers | L8| S | rcumepa | AT | napavers
f KOMMOHEHT M. napameTp pasmepa K, napameTp | napametp TYPHbINU METD accoumnalnmu
P, E (M3/kmonb )13 G Q napaFnj'lem S, W,
3 | MeTtaH 16,043 151,318300 | 0,4619255 0,0 0,0 0,0 0,0 0,0
4 | JTaH 30,070 | 244,166700 | 0,5279209 | 0,079300 0,0 0,0 0,0 0,0
5 | MNponaH 44,097 | 298,118300 | 0,5837490 | 0,141239 0,0 0,0 0,0 0,0
6 | H-byTaH 58,123 | 337,638900 | 0,6341423 | 0,281835 0,0 0,0 0,0 0,0
7 | N3obyTtaH 58,123 | 324,068900 | 0,6406937 | 0,256692 0,0 0,0 0,0 0,0
8 | H-[leHTaH 72,150 | 370,682300 | 0,6798307 | 0,366911 0,0 0,0 0,0 0,0
9 | N3oneHTaH 72,150 | 365,599900 | 0,6738577 | 0,332267 0,0 0,0 0,0 0,0
10 | H-['ekcaH 86,177 | 402,636293 | 0,7175118 | 0,289731 0,0 0,0 0,0 0,0
11 | r-['enTaH 100,204 | 427,722630 | 0,7525189 | 0,337542 0,0 0,0 0,0 0,0
12 | H-OkTaH 114,231 | 450,325022 | 0,7849550 | 0,383381 0,0 0,0 0,0 0,0
13 | H-HoHaH 128,258 | 470,840891 | 0,8152731 | 0,427354 0,0 0,0 0,0 0,0
14 | r-[ekaH 142,285 | 489,558373 | 0,8437826 | 0,469659 0,0 0,0 0,0 0,0
15 | Bogopon 2,0159 26,957940 | 0,3514916 | 0,034369 0,0 1,0 0,0 0,0
16 | Kucnopog 31,9988 | 122,766700 | 0,4186954 | 0,021000 0,0 0,0 0,0 0,0
17 | MoHoKkcua
yrnepoga 28,010 105,534800 | 0,4533894 | 0,038953 0,0 0,0 0,0 0,0
18 | Boaa 18,0153 | 514,015600 | 0,3825868 | 0,332500 | 1,067750 0,0 1,582200 1,0
19 | CepoBogopoa 34,082 | 296,355000 | 0,4618263 | 0,088500 | 0,633276 0,0 0,390000 0,0
20 | 'enun 4,0026 2,610111 0,3589888 0,0 0,0 0,0 0,0 0,0
21 | AproH 39,948 119,629900 | 0,4216551 0,0 0,0 0,0 0,0 0,0
Tabnwuya D.3—TllapameTpbl ODMHAPHOIO B3aMMOaeNCTBUSA
f ] [lapa KOMMOHEHTOB E ; \7 K, G,;
1 2 A3zoT Onokeng yrnepoaa 1,022740 0,835058 | 0,982361 0,982746
1 3 A3zoT MeTaH 0,971640 0,886106 1,003630 1,0
1 4 A3zoT JTaH 0,970120 0,816431 1,007960 1,0
1 5 A3zoT [TponaH 0,945939 0,915502 1,0 1,0
1 6 A3zoT H-byTaH 0,973384 0,993556 1,0 1,0
1 7 AszoT N300yTaH 0,946914 1,0 1,0 1,0
1 3 AszoT H-[leHTaH 0,945520 1,0 1,0 1,0
1 9 A3zoT 3oneHTaH 0,959340 1,0 1,0 1,0
1 15 A3zoT Boaopon 1,086320 0,408838 1,032270 1,0
1 16 A3zoT Kncnopog 1,021000 1,0 1,0 1,0
1 17 A30T MoHokeua yrnepoga 1,005710 1,0 1,0 1,0
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x

x

i j Mapa KOMNOHEHTOB E; \7 K G
1 18 A3oT Boaa 0,746954 1,0 1,0 1,0
1 19 A3oT CepoBogopon 0,902271 0,993476 0,942596 1,0
2 3 Owokewng yrnepoga MeTtaH 0,960644 0,963827 0,995933 | 0,807653
2 4 Owvokewng yrnepoga OTaH 0,925053 0,969870 1,008510 | 0,370296
2 5 Ouokeng yrnepoga [1ponaH 0,960237 1,0 1,0 1,0
2 o) Ouokeng yrnepoga H-byTaH 0,897362 1,0 1,0 1,0
2 I Huokcng yrnepopa N30b6yTaH 0,906849 1,0 1,0 1,0
2 8 Huokecng yrnepopa H-[leHTaH 0,859764 1,0 1,0 1,0
2 O [Hnokcua yrnepoga 3oneHTaH 0,726255 1,0 1,0 1,0
2 | 10 Hdvokeng yrnepoga H-[ ekcaH 0,855134 1,066638 0,910183 1,0
2 11 [Hnokcua yrnepoga H-[ enTaH 0,831229 1,077634 0,895362 1,0
2 12 dnokeng yrnepopaa H-OKTaH 0,808310 1,088178 0,881152 1,0
2 | 13 Hdvokeng yrnepoga H-HoHaH 0,786323 1,098291 0,867520 1,0
2 | 14 Hdvokeng yrnepoga H-[lekaH 0,765171 1,108021 0,854406 1,0
2 15 dnokeng yrnepoaa Boaopon 1,281790 1,0 1,0 1,0
2 17 dnokeng yrnepoaa MoHokcung yrnepoga 1,500000 0,900000 1,0 1,0
2 | 18 Hdvokeng yrnepoga Bopaa 0,849408 1,0 1,0 1,673090
2 19 dnokeng yrnepoaa CepoBoagopoa 0,955052 1,045290 1,007790 1,0
3 5 MeTaH [Tponan 0,994635 0,990877 1,007619 1,0
3 6 MeTaH H-byTaH 0,989844 0,992291 0,997596 1,0
3 7 MeTtaH N3obyTaH 1,019530 1,0 1,0 1,0
3 3 MeTtaH H-[leHTaH 0,999268 1,003670 1,002529 1,0
3 9 MeTtaH M3oneHTaH 1,002350 1,0 1,0 1,0
3 | 10 MeTtaH H-[ ekcaH 1,107274 1,302576 0,982962 1,0
3 | 11 MeTtaH H-['enTaH 0,880880 1,191904 0,983565 1,0
3 | 12 MeTtaH H-OKTaH 0,880973 1,205769 0,982707 1,0
3 | 13 MeTtaH H-HoHaH 0,881067 1,219634 | 0,981849 1,0
3 | 14 MeTtaH H-IlekaH 0,881161 1,233498 | 0,980991 1,0
3 | 15 MeTtaH Bopopoa 1,170520 1,156390 1,023260 | 1,957310
3 17 MeTan MoHokcua yrnepoga 0,990126 1,0 1,0 1,0
3 | 18 MeTaH Boaa 0,708218 1,0 1,0 1,0
3 | 19 MeTaH CepoBogopon 0,931484 0,736833 1,000080 1,0
4 5 JTaH [TponaH 1,022560 1,065173 0,986893 1,0
4 6 JTaH H-byTaH 1,013060 1,250000 1,0 1,0
4 7 JTaH N300yTaH 1,0 1,250 000 1,0 1,0
4 8 JTaH H-[leHTaH 1,005320 1,250000 1,0 1,0
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OkonyaHue mabnuubi D.3

*

*

] J [lapa KOMNOHEHTOB E; \Z K; G;
4 9 JTaH N3oneHTaH 1,0 1,250000 1,0 1,0
4 | 15 JTaH Boaopoa 1,164460 1,616660 1,020340 1,0
4 | 18 JTaH Boaa 0,693168 1,0 1,0 1,0
4 | 19 JTaH CepoBogopoa 0,946871 0,971926 | 0,999969 1,0
5 6 [lponaH H-byTaH 1,004 900 1,0 1,0 1,0
5 15 [1lponaH Boaopon 1,034787 1,0 1,0 1,0
6 | 15 H-byTaH Boaopoa 1,300000 1,0 1,0 1,0
I 15 N30byTaH Boaopona 1,300000 1,0 1,0 1,0
10 | 19 H-[ ekcaH CepoBogopoa 1,008692 1,028973 | 0,968130 1,0
11 | 19 H-['enTaH CepoBogopoa 1,010126 1,033754 | 0,962870 1,0
12 | 19 H-OKTaH CepoBogopoa 1,011501 1,038338 | 0,957828 1,0
13 | 19 H-HoHaH CepoBogopoa 1,012821 1,042735 | 0,952441 1,0
14 | 19 H-ekaH CepoBogopoa 1,014089 1,046966 | 0,948338 1,0
15 | 17 Boaopoa MoHokcua yrnepoga 1,100000 1,0 1,0 1,0
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[MpnnoxeHwve E
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YdyeT cneoBbIX KOMMNOHEHTOB

Ons Toro ytobbl paccynTaTh, UCNOMb3Ys METO, YCTAHABIIMBAEMbIN B HACTOSILWLEM CTaHAAPTE, TEPMOANHAMUYECKUE
CBOWCTBA NPUPOAHOro rasa nnm nogobHon cmecu, KotTopas coaepXuT cneabl oaHoro nnm bonee KOMNOHEHTOB, HE BKIHO-
YEeHHbIX B Tabnuuy 3, HEOBX0AUMO BKITIOUUTL KaXAbIM TAKOW CNEeA0BON KOMMNOHEHT B OAWH U3 271 OCHOBHOIO N BTOPOCTE-

NEHHOr0 KOMMOHEHTOB, ANA KOTOPbIX BbIN0 paspabotaHo ypaBHeHne AGAS.

Tabnvue E.1.

Tabnwuua E.1— BknioyeHne cneaoBbiX KOMI

OHEHTOB

PeKoOMEeHAAU MM NO TAKOMY BKITIOYEHUIO JaHbl B

Homep KOMMNOHEHTA

CnengoBoU KOMMOHEHT Gopmyna PekomMeHOOBaAHHOE BKNIOYEHUE no Tabnnue D.2
2,2-0nmetnnnponaH (Heo-neHTaH) C:H,, H-[1leHTaH 8
2-MeTunneHTaH C;H14 H-[ ekcaH 10
3-MeTunneHTaH CeH, 4 H-[ ekcaH 10
2,2-AnmeTnnbyTaH C.H., H-[ ekcaH 10
2,3-OnmeTnndytaH CsH, 4 H-[ excaH 10
STUIEH (3TEH) C,H, JTaH 4
[Tponunen (nponenx) C.H; [MponaH 5
1-byTeH C,Hg H-byTaH 6
Lumc-2-byTeH C,Hg H-byTaH 6
TpaHc-2-byTteH C,Hg H-byTaH 6
2-MeTunnponeH C,Hg H-byTaH 6
1-lNeHTeH C:H,, H-[1leHTaH 8
[1ponagneH C.H, [1ponaH 5
1,2-byTagnen C,H, H-byTaH 6
1,3-byTagneH C,H; H-byTaH 6
AueTuneH (3TUH) C,H, STaH 4
LuknoneHTaH C:H,, H-[leHTaH 8
MeTunuuknoneHTaH CgH.,, H-I ekcaH 10
STUNUMKNONEHTaH C-H,, H-[ enTaH 11
LinknorekcaH CeH, 5 H-[ ekcaH 10
MeTunuunknorekcax C-H,, H-[ enTaH 11
OTUINUUKNOreKkcaH CoH. ¢ H-OKTaH 12
beHsaon CsHg H-[1leHTaH 8
Tonyon (metnnbeHson) C-H, H-[ ekcaH 10
ITnnbeHs3on CoH, H-['enTaH 11
o-KcuneH C.H. g, H-[ enTaH 11
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OkonyaHue mabnuubi E. 1

Homep KOMMNOHEHTA

CnegoBon KOMMOHEHT dopmyna PekomeHOoBaHHOE BKIHOYEHUE no Tabnuue D.2
Bce octanbHble C, yrnesogopoab! — H-I ekcaH 10
Bce octanbHble C, yrneBogopoabl — H-[ enTan 11
Bce octanbHble Cg yrneBsogopoabl — H-OKTaH 12
Bce octanbHble C, yrnesogopoabl — H-HoHaH 13
Bce octanbHble C., yrneBogopoabl — H-IlekaH 14
Bce octanebHble yrnesogopoasl — H-IlekaH 14
MeTanon (MeTunoBbIn CrNpT) CH,OH ITaH 4
MeTaHTnon (MetTunmMmepkanTaH) CH,SH [1lponaH 5
AMMUMaK NH, MeTaH 3
Linanosoagopon HCN ITaH 4
Kapbonuncynedua (okencynsdng yrnepoaa) COS H-byTaH 6
Cepoyrnepoa CS, H-[1leHTaH 3
Hnokeng cepbl SO, H-byTaH 6
Okcuna asora N,O Hnokcng yrnepoaa 2
HeoH Ne ApProH 21
KpnnToH Kr AproH 21
KceHoH Xe ApProH 21

Kaxgas pekomeHgaums OCHOBaHa Ha OLUEHKE TOro, YTo Takoe BKII0YeHUe NpUBOAUT K Hanny4ylen TOHYHOCTU OMnnuca-
HUA NMONHOro Habopa TEPMOANHAMUNYECKNX CBOUCTB. [apameTpbl, yYUTbIBAEMbIE NPU TAKOW OLLEHKE, BKITHOYAOT MOMAPHYIO
MAaCCy, SHEPreTUYECKNN napameTp (CBA3aHHbIN C KPUTUYECKOW TEMMNEPATYPOUN) N NnapamMmeTp pasmepa (CBA3aHHbIN C KPUTHK-
YeCKUM 06BEMOM). [TOCKONBKY HE CYLLECTBYET YHUBEPCANBbHOIO BKITIOYEHUS, KOTOPOE OAMHAKOBO XOPOLIO noaxoamnno ool
N5 BCEX CBOUCTB, HET HU4YEro HeOObIYHOIO B TOM, YTO NONMb30OBaTENb MOXET NpeAnoYvecTb Kakoe-nmbo anbTepHaATUBHOE
BKIMIOYEHUE A115 CBOEN KOHKPETHOW 3a4a4un, Koraa, Hanpumep, Haao0 paccynTbiBaTh TONbKO O4HO CBOUCTBO. [ 10 3TOM NpU4um-
HE peKOMeHJaunn He SBNATCA obasarenbHbiMU. [IpuMmeHeHne meTtoaa, ¢ NCNornb30BaHMEM CNEAOBbIX KOMMOHEHTOB, HE-

06xoanmo NogpobHO AOKYMEHTUPOBATD.

[MTpumeyanwmne—Habop cnegoBbix KOMNOHEHTOB No Tabnuue E.1 n Tabnuue 3 HacTosAWEro ctaHgapTa cooT-

BetcTBYeT [ OCT 31369.

26




[OCT P 8.662—2009

MpunnoxeHwne F
(cnpaBo4HoOe€)

Peanuszauua Mmetoga

HacTosiwee npunoxenue npeactaBnsaeTt obulyo nocneaoBaTenbHOCTb AEUNCTBUN, HEOOXOAMMBIX AN BbIYUCIEHUS
TEPMOANHAMNYECKMX CBOUCTB B COOTBETCTBUM C HACTOSALWMM cTaHAapToM. MeToa A0CTAaTOHYHO CITOXHBIW, MO3TOMY AN1S €ro
NPUMEHEHNST HEODXOAMMO UCNONb30BaTh KOMMNbIOTEPHbIE NPOrpaMmmbl. B HacToAWweM NpunoxXeHnn obCyKaarTCA BbIUNC-

NUTEenbHble acnektel metoaa. Ha pucyHke F.1 npuBeaeHa Bnok-cxema npouecca BblMUCIEHUN TEPMOAUHAMUYECKUX
CBOWCTB C UCMNOJIb30BAHUEM KOMMbIOTEPHbIX MPOrpamm.

1

OBbI COCTaB
BenuuuH B, C,,, K, 0,
OoBas TeMnepartypa
BeNnuuuH B, Cn-'cu” Patyp
HoBoe naBsneHue

PellueHue
(MOUCK OTHOCUTENbBbHOM MNSIOTHOCTWN)

[1TpoBepka

-6
| Pealc - pinput | <10

BeiBOO — TepMoguHaMUyeCcKne CBOUCTBA

[1a
[la
Hosble Her
5 8
p, I, X
Pac4yet ¢y 1 €e Npon3BOaHbIX
6
PacyeT @ n ee Npon3BOgHbLIX
7

PucyHok F.1 — bnok-cxema npouecca BblMUCNEHUN TEPMOANHAMUYECKMX CBOUCTB

lar 1

[lns pacyeta Heobxo4MMO BBECTU MOMAPHYIO OO0 X; K&XA0ro KOMMOHEHTa NPUPOAHOro rasa, abconioTHyo TeMne-
patypy T n abconoTHOe gaBnexHue p.
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B paccmaTtpuBaemMomMm MeToae Temnepartypy 3agatot B rpagycax KenbsuHa (K), a gasnexHue B meranackansax (Mra).
Ecnn ncnone3yoT kKakme-nnbo apyrme eauHuL bl UAMEPEHUS, NX HYXKHO NMepPeBECTU B rpaaychbl KenbBMHA UMK Meranackarnm.
Ins aToro HeobXxognMmMo MCNonb3oBaTh NEPEBOAHbIE KOIPPUUNEHTLI Ha ocHoge nosnoxxerut F'OCT 8.417 ¢ yyemom
cmaHOapma [3].

MHorga BMecTo gaBrieHunst p B KA4eCTBE BXOAHOW BENMNYNHBI NCMONb3YIOT MAacCoOBYIO NNOTHOCTL D). B Takom cnyvae
BCE BbIYUCIEHUS BbINOMHSAOT, KaK 0ObIYHO, HO C YY4ETOM COAEPXaHUA NoCNeaHeEN CTyrneHu wara 4.

Ular 2
a) Insa 3agaHHbIX 3HaYeHUn x;, ncnonb3dys ypaesHeHus (D.2)—(D.5), paccunTbiBaoT 3Ha4EHNUSA B:(X).

b) Takum xe obpasom Ans 3agaHHbIX 3HAYEHUN X, nCnonb3ys ypasHeHus (D.6)—(D.10), paccunTeiBaloT 3Ha4EHUA

C(X).

¢) o ypaBHenuto (D.11) paccumTbiBaOT 3HAYEHNS CMECEBOIo napametpa pasmepa K(X).
d) PaccuntbiBaloT crneayrowme 3Ha4YEHUS:
- OTHOCUTENIBHOWN TEMMEPATYPbI T, N0 YpaBHeHWO (3) npn T = T,;

- OTHOCUTENBHOW NITOTHOCTU &y MOEAaNbHOIo rasa Npu cTaH4apTHBIX YCITOBUAX MO ypaBHEHUIO (4) npu p =p,,

[1NOTHOCTL MaeanbHOro ra3a Npu ctaHgapTHLIX YCNOBUSAX p, onpeaeneHa B NyHKTe 4.2.3.
Ular 3

®
a) InsasagaHHoro sHa4veHus T no ypaBHEHUIO (3) paccunTbiBaKOT T, @ 3aTeM, UCnosib3ysd 3HaveHna B (X) [war 2, ne-

peuncneHmne a)], no ypaeHeHuto (D.1) paccuntbiBalOT 3HA4YEHUA BTOPOro BupmanbHoro kosdgduunerta B (1, X).

b) Takum xe obpasom, ona 3agaHHbIX 3Ha4eHun T, ncnonbaya sHadverHna C (X) [war 2, nepedncnenve b)], paccuum-
TeiBatoT 3Hadenust C (X)-t" ansi n ot 13 go 58.

lar 4

a) MoactaensaloT paccunTaHHble 3HaveHus B (1, X), C.(X) - 1“7 n K(X) [war 3, nepeuncnexuns a), b) u war 2, nepe-
YMCNEHUE C)] COOTBETCTBEHHO B ypaBHeHue (D.12). 310 ypaBHeHUE Ans p, KOTOpoe ObINo 3a4aHo B ware 1, tTenepb coaep-
XUT OOQHO HEN3BECTHOE — OTHOCUTENBHYIO NNOTHOCTL O.

b) Pelwatot 310 ypaBHEHNE OTHOCUTENBHO O. Tpebyemoe peweHne MoXeT ObITb MNONTYYEHO C NCNONBb30BAHNEM MOA-
XOASLWEro YNCNEHHOINO METOAa, HO Ha NpakTuke Hanbonee NoAxXoAAWMM anropUTMOM MOXET BbiTb CTaHAAPTHBLIW anro-
PUTM HaXOXAEHUA MIOTHOCTU U3 YPaBHEHUS COCTOSHUA. Takme anroputmbl 0ObIMHO MCMONBb3YIOT ANs NEPBOHAYANBHON
OLUEHKM NIIOTHOCTU (MacTo B NPUBNMXKXEHUN NAeanbHOro ra3a) n uTepaTtuBHbIM NyTEM HAXOAAT TAKOE 3HAYEHNE J, KOTOpOoe
BOCMPOMN3BOANT 3HAYEHUE P C 3apaHee 3a4aHHON TOYHOCTLIO. [logxoasawmm KpUTepmemM B HAaCTOAWEM ClyYae sIBMSETCS
TOT, MPU KOTOPOM paccynTaHHOe AaBneHne npu 3agaHHon MONSIPHOW NMIOTHOCTU & OTNIMYAETCH OT 3a4aHHOrNo 3HAYEHUA
OaBneHus p meHee 4vem Ha (1/108) Mlia.

Ecnn B kKauecTBE BXOAHOMN BENNYUHBI BMECTO AABMNEHUA P UCMOMb3YIOT MACCOBYHO MMOTHOCTb D, TO & BbIMUCNAOT
HenocpeacTBEHHO be3 ntepauun kak 6 =D - K3/M, rpe M(X) — monsipHas macca, paccumtaHHas ua ypaBHeHust (16) HacTo-
AWEero craHgapra.

lar 5

[logcTaBnsaoT 6 U 8, B ypaBHeHne (B.3) BMecTe ¢ pasnnyHbiMy KOHCTaHTaMU U PYHKUNAMN 0BpaTHON OTHOCUTETb-
HOW TemnepaTypbl T ONd pacyerta ngearnbHO-ra3oBOW 4YacTu ¢, OTHOCUTENbHOW CBOLOAHOW 3Hepruu [ enbmronbua.
Mcnonb3yloT Takke ypasHeHus (B.6) n (B.7) ona pacyeta nepeov 1 BTOPOW HaCTHbIX NPOU3BOAHbLIX ¢, N0 0OpaTHON OTHO-
CUTENBHON TEMNEpPATYpE.

lar 6

McnoneayoT ypaBHeHue (B.1) ansa pacyerta obwen oTHOCUTENBHON CBOBOAHOWM 3Heprum [enbmronsua ¢ (o, T, X).
PaccuntbeiBaloT no ypasHeHusm (C.2) n (C.4) nepBbie HacTHbIE NPOU3BOAHBIE ¢ U ¢ NO OBPaTHOM OTHOCUTEIIBHON TEMIE-
patype n OTHOCUTENBHOW NITOTHOCTU COOTBETCTBEHHO. YpaBHeHue (C.3) ncnonb3yoT 415 pacyeTa BTOPOU HaCTHOW MNPOUn3-
BOAHOW ¢_. NO 0bpaTHOM OTHOCUTENLHOW Temneparype, ypasHeHue (C.5) — ansa pacyeta ¢, u ypaBHeHue (C.6) — ans
pacyeTta o,.

Lar 7

a) WcnonbaytoT ypaBHeHus (17) — (26) HacTosIWEro ctaHgapTa ans pacyeTra rnosHoro Habopa TepMoanHaMUYECKNX
CBOUWCTB: (PakTopa CxXMMaeMoCTn Z, NNOTHOCTU p, BHYTPEHHEWN SHEPIUUN U; SHTANbMNUN f1; SHTPOMUN S; N3OXOPHON TENMOEM-
KOCTWU C,; U306apPHON TEMNOEMKOCTH Cy; koadhdnuneHTa hxoynsa-TomcoHa p; nokasarens agnadartsl K M CKOpOCTU 3BYKa W.

b) Ha ocHoBe ypaBHeHun (18) — (23) MOXHO NpeacTaBnATb TEPMOANHAMUNYECKME CBOUCTBA, PACCYUTAHHbIE Ha
OCHOBE 3Ha4YeHUN MONSAPHOW (NPU UCNONMBb30BAHMN CUMBONOB HUXHEND PErncTpa) unm maccoBou (NP NCronb3o0BaHUN CUM-
BONOB BEPXHEro perncrpa) gonu. [Ans npeobpaszoBaHns MONSAPHbIX BENWYMH B MACCOBbIE UCMNONMb3YIOT MOSMSAPHYIO Maccy
cmecn M(X), KOTOpYIo paccyHnTbIBAOT NO ypaBHEHUIO (16).

Ular 8
Boaepart Ha war 1 (BbIDOP HOBLIX BXOAHbIX MEPEMEHHbLIX) UMM OKOHYaHNE BbIYUCITEHUN.
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(cnpaBo4HoOe€)

[TfpuMepbl pacyeToB

[OCT P 8.662—2009

Cneayowmne npumMmepbl pacyeToB NPUBEAEHBI ANA UENEN NPOBEPKU NPOrpaMmmHbIX peweHun (tabnuuybl G.1—G.7).

Tabnuua G.1— CocraBbl rada B MONSAPHbIX A0NSAX

! KOMMNOHEHT [a3 1 [a3 2 [a3 3 [a3 4 [a3 5 [a3 6

1 A30T 0,003000 0,031000 0,009617 0,100000 0,057000 0,117266
2 Ouokeng yrnepopa 0,006000 0,005000 0,015021 0,016000 0,076000 0,011093
3 MeTtaH 0,965000 0,907000 0,859284 0,735000 0,812000 0,825198
4 JTaH 0,018000 0,045000 0,084563 0,033000 0,043000 0,034611
5 [1lponaH 0,004500 0,008400 0,023022 0,007400 0,009000 0,007645
6 H-byTaH 0,001000 0,001500 0,006985 0,000800 0,001500 0,002539
7 N300yTaH 0,001000 0,001000 — 0,000800 0,001500 —

8 H-[leHTaH 0,000300 0,000400 0,001218 0,000400 — 0,000746
9 M3oneHTaH 0,000500 0,000300 — 0,000400 — —

10 H-[ ekcaH 0,000700 — 0,000228 0,000200 — 0,000225
11 H-[ enTaH — — 0,000057 0,000100 — 0,000110
12 H-OKTaH — — 0,000005 0,000100 — 0,000029
13 H-HoHaH — — — 0,000100 — —

14 H-IlekaH — — — 0,000100 — —

15 Boaopoa — — — 0,095000 — —

16 Kucnopog — 0,000100 — 0,000100 — —

17 MoHokeng yrnepoga — — — 0,010000 — —

18 Boaa — 0,000100 — 0,000100 — —

19 CepoBoaopon — 0,000100 — 0,000100 — —
20 ['enun — — — 0,000200 — 0,000538
21 AproH — 0,000100 — 0,000100 — —

Cymma 1,000000 1,000000 1,000000 1,000000 1,000000 1,000000
Tabnuua G.2—Pesynbrartel gnsirasa 1
D, T, . D, U, H, , o C, u, w,
Ml la K kr/m> KLDK/Kr kIbk/kr | kIx/(kr- K) | kDk/(kr - K) | kDk/(kr- K) | K/MTa M/C

5 250 | 0,81996 | 49,205 | —280,49 | -179,06 | —2,4223 1,69006 2,8342 6,153 | 1,366 | 372,27
5 260 | 0,84544 | 45,971 | —260,09 | —151,32 | -2,3134 1,6910 2,71219 5,658 | 1,360 | 384,59
5 270 | 0,86643 | 43,196 | —240,26 | 124,51 | —-2,2122 1,6963 2,6450 5,219 | 1,354 | 395,93
5 290 | 0,89888 | 38,764 | -201,60 | 72,61 | —2,0268 1,7189 2,5559 4473 | 1,344 | 416,29
5 310 | 0,92262 | 35,331 | —163,45 | -21,93 | —-1,8578 1,7541 2,5191 3,861 | 1,333 | 434,32
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[OCT P 8.662—2009

OkonyaHue mabnuubi G.2

D, T, - D, U H, S, C., C, L, P w,
MI K Kr/m3 KLDK/Kr kKIK/Kr | kKDk/(kr - K) | kIbk/(kr - K) | kx/(kr- K) | K/MTlla M/C

5 330 | 0,94052 | 32,558 | —125,21 | +28,36 | —1,7006 1,799 2,5140 3,390 | 1,322 | 450,59
5 350 | 0,95433 | 30,253 | — 86,50 | +78,77 | —-1,5523 1,8517 2,5299 2,918 | 1,311 | 465,51
10 250 | 0,65444 (123,524 | —353,94 | —272,98 | —-3,0522 1,7996 4,3448 4,218 | 1,782 | 379,77
10 260 | 0,70771 109,834 | —323,30 | —232,25 | —2,8924 1,7836 3,8367 4,162 | 1,663 | 389,14
10 270 | 0,75082 | 99,693 | —295,99 | —195,68 | —-2,7/543 1,774 4 3,4993 4,010 | 1,991 | 399,53
10 290 | 0,81567 | 85,439 | —247,10 | —130,06 | —2,5197 1,7/ 762 3,1098 3,609 | 1,508 | 420,07
10 310 | 0,86170 | 75,657 | —202,21 | —-70,03 | -2,3194 1,7984 2,9143 3,199 | 1,458 | 439,05
10 330 | 0,89573 | 68,371 | —159,12 | -12,86 | -2,1407 1,8349 2,8144 2,821 1,424 | 456,36
10 350 | 0,92162 | 62,653 | —116,71 | +42,90 | -1,9766 1,8816 2,7/685 2,485 | 1,397 | 472,24
15 250 | 0,61821 [196,147| —418,04 | —341,57 | —-3,4519 1,7957 4,5000 1,992 | 2,912 | 471,92
15 260 | 0,661/79 |176,182| —382,78 | —297,64 | —3,2797 1,8035 4,2711 2,250 | 2,401 | 457,75
15 270 | 0,70350 |159,598| —350,25 | —256,26 | —3,1234 1,8058 4,0056 2,404 | 2,179 | 452,49
15 290 | 0,77530 |134,830| —292,19 | —180,93 | —2,8541 1,8115 3,5532 2473 | 1,805 | 455,55
15 310 | 0,83097 (117,682| —240,52 | —113,05 | -2,6276 1,8298 3,2590 2,363 | 1,704 | 466,04
15 330 | 0,87368 |105,145| —192,45 | -49,79 | -2,4298 1,8618 3,0835 2,179 | 1,607 | 478,79
15 350 | 0,90677 | 95,519 | —146,25 | +10,79 | -2,2516 1,9049 2,9838 1,976 | 1,541 | 491,98
20 250 | 0,67617 |239,112| —455,05 | -371,41 | —-3,6627 1,7770 3,9985 0,950 | 4,102 | 585,72
20 260 | 0,70215 221,400 —421,87 | -331,54 | —3,5063 1,7927 3,9666 1,146 | 3,439 | 557,37
20 270 | 0,73004 |205,063| —389,76 | —292,23 | —3,3580 1,8044 3,8892 1,314 | 2,965 | 537,78
20 290 | 0,78592 |177,345| — 329,47 | -216,69 | —3,0880 1,8238 3,6552 1,929 | 2,380 | 518,08
20 310 | 0,83593 (155,978 | —274,20 | —145,98 | —2,8521 1,8472 3,4238 1,996 | 2,060 | 513,90
20 330 | 0,87771 |139,550| 222,67 | —79,35 | —-2,6437 1,8798 3,2500 1,964 | 1,867 | 517,31
20 350 | 0,91175 (126,664 | 173,49 | -15,59 | —2,4561 1,9219 3,1348 1,478 | 1,742 | 524,40
30 250 | 0,85042 285,176 —495,51 | —=390,31 | —3,8898 1,7794 3,4974 0,198 | 5,600 | 767,57
30 260 | 0,85828 (271,097 | —465,71 | =355,30 | —3,7525 1,7943 3,5033 0,285 | 4,865 | 732,95
30 270 | 0,86815 |258,660| —436,27 | —320,29 | -3,6203 1,8074 3,4962 0,369 | 4,276 | 704,27
30 290 | 0,89215 (234,343 | —-378,74 | —250,73 | —3,3718 1,8338 3,4549 0,522 | 3,421 | 661,74
30 310 | 0,91899 [(212,820| —323,23 | —182,27 | —3,1435 1,8042 3,3874 0,636 | 2,860 | 634,97
30 330 | 0,94570 [194,277| —269,72 | —115,30 | -2,9341 1,9009 3,3096 0,702 | 2,488 | 619,80
30 350 | 0,97032 (178,527 | 217,87 | —49,83 | —-2,7415 1,9443 3,2399 0,725 | 2,233 | 612,55
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Tadbnunmua G.3—

Pes3ynbTaTthl 4NA rasa 2

[OCT P 8.662—2009

D, T, - D, U, H, S, C., o L, I W,
MIT K kr/m> KLDK/Kr kIbk/kr | KIDKAKE - K) | k[Dk/(kr - K) | kxd/(kr- K) | K/MTa M/C

5 250 | 0,81260 | 52,014 | -271,30 | 17517 | -2,2227 1,6407 2,7730 6,314 | 1,363 | 362,01
5 200 | 0,83929 | 48,423 | —251,33 | —148,07 | -2,1164 1,64006 2,6549 5,800 | 1,356 | 374,23
5 270 | 0,806121 | 45,443 | —-231,98 | —121,95 | -2,0178 1,6455 2,5747 5,346 | 1,350 | 385,45
5 290 | 0,89498 | 40,712 | —194,31 | —=71,50 | -1,8375 1,6675 2,4823 4,575 | 1,339 | 405,56
5 310 | 0,91961 | 37,066 | —157,20 | 22,31 | —1,6734 1,7020 2,4437 3,945 | 1,328 | 423,33
5 330 | 0,93815 | 34,131 | —120,03 | +26,46 | —-1,5210 1,7460 2,4373 3,420 | 1,318 | 439,35
5 350 | 0,95244 | 31,698 | —-82,41 +75,33 | —-1,3772 1,7973 2,4520 2,977 | 1,307 | 454,03
10 250 | 0,64076 [131,925| —345,46 | —269,66 | —2,8402 1,7534 4,3299 4,203 | 1,814 | 370,85
10 260 | 0,69620 (116,751 —314,83 | —229,18 | -2,6814 1,7366 3,8017 4,186 | 1,680 | 379,36
10 270 | 0,74112 [105,612| -287,73 | —193,05 | —2,5450 1,7264 3,4488 4,052 | 1,600 | 389,27
10 290 | 0,80858 | 90,125 | —239,57 | 128,62 | —2,3146 1,7263 3,043 3,663 | 1,510 | 409,27
10 310 | 0,85633 | 79,609 | —195,61 | —70,00 | —-2,1191 1,7470 2,8408 3,252 | 1,458 | 427,89
10 330 | 0,89156 | 71,829 | —153,56 | —14,34 | —-1,9450 1,782 2,7/375 2,809 | 1,422 | 444,91
10 350 | 0,91833 | 65,750 | —112,23 | +39,86 | —1,7856 1,8272 2,6893 2,528 | 1,394 | 460,53
15 250 | 0,61032 [207,758| —407,94 | =335,74 | —3,2223 1,7438 4,3653 1,917 | 3,030 | 467,74
15 260 | 0,65329 [186,629| —-373,37 | —293,00 | —3,0546 1,7529 4,1673 2,194 | 2,536 | 451,45
15 270 | 0,69507 [168,913| —341,36 | —252,55 | -2,9019 1,7560 3,9192 2,368 | 2,227 | 444,66
15 290 | 0,76800 [(142,331| 284,21 | 178,82 | —2,6383 1,7614 3,4767 2,470 | 1,887 | 445,90
15 310 | 0,82503 (123,945 —233,50 | —112,47 | -2,4170 1,7784 3,1815 2,376 | 1,714 | 455,43
15 330 | 0,86891 [110,552| —186,46 | -50,78 | —-2,2240 1,8090 3,0038 2,200 | 1,611 | 467,59
15 350 | 0,90295 {100,306 —141,36 | +8,18 —2,05006 1,8504 2,9023 1,999 | 1,543 | 480,37
20 250 | 0,67318 |251,145| —442,98 | —363,34 | —3,4193 1,7252 3,8586 0,905 | 4,254 | 582,02
20 260 | 0,09828 232,806 —410,74 | —324,83 | —3,2683 1,7412 3,8355 1,100 | 3,552 | 552,40
20 270 | 0,72551 (215,770 —-379,46 | —286,77 | —-3,1247 1,753 3,7699 1,273 | 3,048 | 531,56
20 290 | 0,78093 186,633 | —320,57 | —213,41 | —-2,8624 1,7725 3,5558 1,504 | 2,425 | 509,77
20 310 | 0,83125 (164,023 | 266,51 | —144,57 | -2,6328 1,7952 3,3337 1,585 | 2,085 | 504,20
20 330 | 0,87364 (146,606 216,12 | —79,70 | -2,4300 1,8265 3,1630 1,563 | 1,882 | 506,69
20 350 | 0,90832 (132,950 -168,11 | -17,68 | —-2,2475 1,867 3,0485 1,484 | 1,750 | 513,14
30 250 | 0,85223 |297,570| —481,33 | —380,51 | —-3,6328 1,7290 3,3785 0,178 | 5,753 | 761,58
30 260 | 0,85951 283,704 | 452,42 | -346,68 | —3,5001 1,7437 3,3860 0,264 | 4,991 | 726,46
30 270 | 0,80884 |270,201| —423,84 | —312,84 | —-3,3724 1,7563 3,3804 0,348 | 4,380 | 697,27
30 290 | 0,89195 245,102 -367,95 | —245,55 | -3,1320 1,7818 3,3435 0,501 3,492 | 653,73
30 310 | 0,91822 (222,731 -313,95 | —179,26 | —2,9109 1,8113 3,2820 0,618 | 2,909 | 625,94
30 330 | 0,94465 (203,377 —261,85 | —114,34 | -2,7079 1,8467 3,2096 0,689 | 2,521 | 609,85
30 350 | 0,906924 (186,890 -211,36 | —-50,84 | —-2,5211 1,8887 3,1434 0,716 | 2,256 | 601,84
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Tabnuwua G.4—Pe3ynbrarel gnsrasa 3

D, T, - D, U H, S, C., o L, I W,
MI K Kkr/m> KLDK/KP kKIDK/kr | kKDk/(kr - K) | kIbk/(kr - K) | kxd/(kr- K) | K/MTa M/C
5 250 | 0,76537 | 59,0066 | —269,33 | —184,68 | —-2,0757 1,6370 2,9473 7,323 | 1,346 | 337,60
5 260 | 0,80006 | 54,331 | —248,22 | —156,20 | —-1,9640 1,6390 2,/632 0,681 1,335 | 350,48
5 270 | 0,82789 | 50,560 | —228,09 | -129,20 | -1,8621 1,6448 2,6444 6,123 | 1,327 | 362,19
5 290 | 0,86987 | 44,802 | —189,42 | —77,82 | —1,6785 1,6676 2,5110 5,197 | 1,314 | 382,96
5 310 | 0,89992 | 40,512 | —151,69 | -28,27 | —-1,5132 1,7033 2,4532 4454 | 1,303 | 401,08
5 330 | 0,92230 | 37,133 | —114,07 | +20,58 | —-1,3605 1,7490 2,4371 3,845 | 1,293 | 417,27
5 350 | 0,93944 | 34,372 | —-76,08 | +69,39 | —-1,2169 1,8025 2,4468 3,338 | 1,283 | 432,01
10 250 | 0,54763 (165,102 —364,22 | —303,66 | —2,7530 1,7569 5,0940 3,980 | 2,113 | 357,74
10 260 | 0,61607 (141,116| —-327,13 | -256,27 | —2,5670 1,7581 4,4023 4275 | 1,818 | 358,90
10 270 | 0,67330 (124,338 —295,47 | -215,05 | -2,4114 1,7509 3,8718 4,311 1,665 | 365,91
10 290 | 0,75890 (102,706 —241,97 | —144,60 | —-2,1594 1,7453 3,2499 4,028 | 1,518 | 384,45
10 310 | 0,81833 | 89,102 | —195,19 | -82,96 | —1,9538 1,7610 2,9493 3,610 | 1,448 | 403,07
10 330 | 0,86148 | 79,509 | —151,42 | —25,65 | —-1,7746 1,7936 2,7981 3,195 | 1,405 | 420,32
10 350 | 0,89394 | 72,244 | —108,94 | +29,48 | —-1,6124 1,8383 2,7246 2,818 | 1,374 | 436,16
15 250 | 0,55363 (244,969 | 425,70 | =364,46 | —3,0925 1,60683 4,2479 1,522 | 4,017 | 495,98
15 260 | 0,59147 (220,476 —389,85 | —=321,81 | —2,9252 1,7245 4,2561 1,878 | 3,129 | 461,36
15 270 | 0,63262 (198,500 —355,38 | —279,81 | -2,7667 1,7545 4,1247 2,169 | 2,584 | 441,89
15 290 | 0,71230 (164,138 | 292,85 | —201,46 | —2,4865 1,7795 3,7029 2,476 | 2,024 | 430,12
15 310 | 0,77873 (140,449 | —238,00 | —131,20 | —-2,2521 1,7973 3,3438 2,498 | 1,768 | 434,56
15 330 | 0,83089 (123,654 | —188,16 | —66,86 | —2,0509 1,8254 3,1099 2,370 | 1,630 | 444,63
15 350 | 0,87154 (111,152| -141,13 | —-6,18 -1,8723 1,80652 2,9713 2,181 1,544 | 456,50
20 250 | 0,63829 283,304 | —455,68 | —385,08 | —3,2503 1,6330 3,668 0,689 | 5,499 | 623,08
20 260 | 0,65852 |264,036| —423,75 | —348,00 | —-3,1048 1,6939 3,7376 0,883 | 4,420 | 578,61
20 270 | 0,68213 245,459 | -392,00 | -310,52 | -2,9634 1,7329 3,7499 1,074 | 3,658 | 545,96
20 290 | 0,73518 |212,039| —-330,66 | —236,34 | —-2,6983 1,7/788 3,6430 1,392 | 2,727 | 507,12
20 310 | 0,78830 (184,992 —273,52 | —165,40 | -2,4617 1,8099 3,4460 1,565 | 2,238 | 491,84
20 330 | 0,83557 (163,950 —220,40 | -98,41 | —-2,2522 1,8426 3,2602 1,609 | 1,961 | 489,08
20 350 | 0,87537 (147,553 | —170,21 | -34,66 | —2,0646 1,8828 3,1229 1,568 | 1,790 | 492,61
30 250 | 0,83636 |324,314| —489,03 | —396,53 | —3,4269 1,6274 3,1918 0,083 | 7,038 | 806,85
30 260 | 0,84062 |310,260| —460,88 | —364,19 | —-3,3001 1,6891 3,2684 0,170 | 5,975 | 760,08
30 270 | 0,84737 |296,388| —432,51 | —=331,29 | -3,1760 1,7285 3,3056 0,255 | 5,148 | 721,87
30 290 | 0,86661 |269,821| —376,14 | —264,96 | —2,9390 1,7791 3,318 0,416 | 3,976 | 664,88
30 310 | 0,89085 (245,547 | -321,02 | —198,84 | —2,7185 1,8185 3,2888 0,554 | 3,220 | 627,21
30 330 | 0,91713 (224,056 | —267,45 | —133,55 | -2,5144 1,8582 3,2373 0,655 | 2,721 | 603,62
30 350 | 0,94297 [205,462| —215,40 | 69,39 | —-2,3256 1,9022 3,1792 0,711 2,386 | 590,21
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Tadbnmnua G.5—

Pes3ynbTaTthl 4nd rasa 4

[OCT P 8.662—2009

D, T, - D, U, H, S, C., o L, I W,
MIT K kr/m> KLDK/Kr kIbk/kr | KIDKAKE - K) | k[Dk/(kr - K) | kxd/(kr- K) | K/MTa M/C

5 250 | 0,86904 | 47,932 | —258,79 | —154,48 | —1,9276 1,566 2,4858 4934 | 1,388 | 380,47
5 200 | 0,88770 | 45,120 | —=240,75 | -129,93 | -1,8313 1,571 2,4268 4,553 | 1,381 | 391,19
5 270 | 0,90333 | 42,697 | —222,99 | 105,89 | -1,7405 1,5787 2,3846 4,212 | 1,375 | 401,25
5 290 | 0,92789 | 38,700 | -187,95 | -58,75 | —-1,5721 1,6012 2,3351 3,624 | 1,363 | 419,70
5 310 | 0,94608 | 35,507 | —153,09 | 12,27 | —1,4171 1,6322 2,3170 3,135 | 1,352 | 436,38
5 330 | 0,95989 | 32,875 | —118,03 | +34,06 | —-1,2723 1,6702 2,3194 2,724 | 1,341 | 451,66
5 350 | 0,97058 | 30,655 | —82,51 +80,60 | —1,1354 1,7137 2,3362 2,373 | 1,330 | 465,83
10 250 | 0,76451 [108,971| -307,61 | —215,84 | —2,4455 1,6397 3,2234 3,620 | 1,044 | 388,42
10 260 | 0,79990 [100,145| 284,54 | —184,68 | —2,3232 1,6350 3,0195 3,458 | 1,591 | 398,57
10 270 | 0,82933 | 93,013 | 262,77 | —155,26 | —2,2122 1,6342 2,8720 3,279 | 1,553 | 408,55
10 290 | 0,87507 | 82,072 | —221,73 | —-99,89 | -2,0143 1,64 39 2,6846 2,915 | 1,500 | 427,47
10 310 | 0,90854 | 73,949 | —182,54 | 47,32 | —1,8389 1,66064 2,5828 2,575 | 1,463 | 444,85
10 330 | 0,93373 | 67,593 | —144,19 | +3,75 -1,6793 1,6983 2,5303 2,208 | 1,435 | 460,82
10 350 | 0,95309 | 62,436 | —106,06 | +54,10 | —1,5311 1,7/374 2,5087 1,996 | 1,412 | 475,01
15 250 | 0,73016 [171,146| —-352,65 | —265,01 | —2,7866 1,6584 3,5832 2,156 | 2,200 | 439,07
15 260 | 0,76682 156,696 —325,88 | —230,15 | —2,6498 1,6628 3,3901 2,210 | 2,024 | 440,12
15 270 | 0,79939 (144,745| -300,76 | —197,13 | —2,5252 1,6645 3,2203 2,212 | 1,901 | 443,82
15 290 | 0,85295 [126,300| —254,21 | 135,44 | -2,3047 1,6724 2,9664 2,116 | 1,744 | 455,05
15 310 | 0,89384 (112,748| -210,88 | —77,84 | -2,1125 1,6910 2,8071 1,955 | 1,648 | 468,17
15 330 | 0,92527 (102,316 —169,34 | 22,74 | —1,9402 1,7195 2,7/118 1,774 | 1,582 | 481,59
15 350 | 0,94973 | 93,985 | —128,69 | +30,91 | -1,7824 1,7559 2,6588 1,594 | 1,534 | 494,74
20 250 | 0,76132 |218,856| —385,55 | —294,17 | —3,0056 1,6435 3,498 1,204 | 2,925 | 517,02
20 260 | 0,78917 |203,013| —358,14 | —259,62 | -2,8700 1,66006 3,407 1,307 | 2,608 | 506,85
20 270 | 0,81592 189,083 | —331,85 | —226,07 | -2,7434 1,6709 3,3011 1,376 | 2,379 | 501,064
20 290 | 0,86386 |166,274| —282,42 | -162,14 | -2,5149 1,6865 3,0987 1,425 | 2,080 | 500,19
20 310 | 0,90341 (148,737 | -236,27 | —101,81 | -2,3137 1,7065 2,9428 1,392 | 1,898 | 505,16
20 330 | 0,93530 (134,959 —192,28 | —44,09 | -2,1332 1,7344 2,8364 1,313 | 1,777 | 513,17
20 350 | 0,90086 (123,862 —149,56 | +11,91 | —-1,9684 1,7697 2,71694 1,213 | 1,691 | 522,60
30 250 | 0,90169 (277,178 425,72 | 317,48 | —3,2589 1,6277 3,1843 0,332 | 4,207 | 674,76
30 260 | 0,91296 |263,228| —399,63 | —285,606 | —3,1341 1,6528 3,1774 0,405 | 3,733 | ©652,25
30 270 | 0,92529 |250,102| -373,94 | —253,98 | —3,0145 1,6706 3,1554 0,469 | 3,361 | 634,98
30 290 | 0,95124 |226,500| —323,99 | —191,54 | -2,7914 1,6975 3,0844 0,567 | 2,830 | 612,24
30 310 | 0,97647 [206,413| 276,02 | —130,68 | —2,5884 1,7233 3,0021 0,619 | 2,482 | 600,60
30 330 | 0,99923 (189,486 —229,72 | —71,40 | -2,4031 1,7532 2,9292 0,633 | 2,244 | 595,98
30 350 | 1,01893 (175,204 | —184,62 | —-13,39 | —2,2324 1,7885 2,8744 0,619 | 2,073 | 595,76
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Tabnwuua G.6—Pesynerarel gnsirasa s

D, T, - D, U H, S, C., o L, ) W,
Mlla K Kkr/m> KLK/KT kx/kr | kDk/(kr - K) | kIDx/(kr- K) | kDk/(kr- K) | K/IMIa M/C
5 250 | 0,80318 | 59,396 | —242,65 | -158,47 | —1,8544 1,4628 2,5137 6,573 1,366 | 339.12
5 260 | 0,83151 | 55,166 | —224,61 | -133,98 | —1,7583 1,4600 2,3924 6,033 1,358 | 350,87
5 270 | 0,85465 | 51,685 | —207,23 |-110,49 | —-1,6697 1,4623 2,3107 5,557 1,352 | 361,63
5 290 | 0,89010 | 46,204 | —173,55 | 65,34 | —-1,5083 1,4786 2,2162 4,752 1,340 | 380,87
5 310 | 0,91583 | 42,009 | -140,52 | -21,49 | —-1,362"1 1,5066 2,1746 4,097 1,330 | 397.82
5 330 | 0,93514 | 38,648 | -107,52 | +21,85 | —-1,2266 1,9431 2,1636 3,552 1,319 | 413,10
5 350 | 0,95000 | 35,869 | —74,21 +65,18 | —1,0991 1,5860 2,1721 3,095 1,309 | 427.09
10 250 | 0,62007 |153,875| —-313,43 | -248,44 | —2,4222 1,5828 4,0693 4,219 1,854 | 347.10
10 260 | 0,67918 |135,079| —-284,65 | -210,62 | —2,2738 1,5612 3,5296 4,259 1,702 | 354,92
10 270 | 0,72701 (121,518 —-259,55 | -177,25| -2,1478 1,5465 3,1678 4,154 1,613 | 364,35
10 290 | 0,79842 |103,018| —-215,60 | -118,53 | —1,9378 1,5382 2,552 3,780 1,916 | 383,57
10 310 | 0,84864 | 90,670 | -175,98 | —65,69 | —-1,7616 1,5511 2,5508 3,365 1,461 | 401,47
10 330 | 0,88552 | 81,627 | —-138,36 | —15,85 | —1,6057 1,5781 2,4452 2,975 1,425 | 417,81
10 350 | 0,91347 | 714,608 | —-101,57 | +32,47 | —-1,4636 1,6145 2,3933 2,625 1,397 | 432,78
15 250 | 0,59162 241,909 -371,00 | -308,99 | —-2,7653 1,5640 3,9904 1,867 | 3,179 | 443,96
15 260 | 0,63526 216,627 | —339,09 | -269,84 | -2,6117 1,572 4 3,8221 2,172 | 2,622 | 426,12
15 270 | 0,67837 (195,347 | -309,54 | -232,75| -2,4717 1,5737 3,5928 2,375 | 2,279 | 418,37
15 290 | 0,75450 |163,524 | —-257,09 | -165,36 | —2,2307 1,5727 3,1655 2,519 1,910 | 418,53
15 310 | 0,81432 |141,736| -211,02 | -105,19 | -2,0300 1,5819 2,8738 2,445 1,726 | 427,40
15 330 | 0,86034 |126,024| -168,67 | —49,64 | —1,8563 1,6039 2,6961 2,275 1,619 | 439,00
15 350 | 0,89597 (114,097 | -128,32 | +3,14 —1,7009 1,6364 2,5925 2,074 1,549 | 451,26
20 250 | 0,65680 [290,535| 402,27 | -333,43 | -2,9377 1,5411 3,4974 0,882 | 4,485 | 555,64
20 2060 | 0,68200 (269,040 —-372,84 | -298,50| —-2,8007 1,5563 3,4817 1,085 | 3,706 | 524,89
20 270 | 0,70966 |248,978| —-344,26 | -263,93 | —2,6702 1,5667 3,4250 1,268 | 3,153 | 503,23
20 290 | 0,76673 |214,554 | 290,51 |-197,30 | —-2,4321 1,5811 3,2263 1,923 | 2,476 | 480,39
20 310 | 0,81910 |187,877| -241,42 | 134,96 | —2,2241 1,5969 3,0121 1,623 | 2,112 | 474,20
20 330 | 0,86344 |167,428| -195,95 | —76,50 | —-2,0413 1,6201 2,8440 1,613 1,899 | 476,24
20 350 | 0,89979 [151,484| -152,88 | -20,85 | —-1,8776 1,6518 2,288 1,539 1,762 | 482,29
30 250 | 0,83685 (342,041 —436,39 | 348,68 | —3,1243 1,9423 3,0500 0,178 | 6,046 | 728,22
30 200 | 0,84431 325,979 —410,15 | -318,12 | —-3,0044 1,5556 3,0587 0,267 | 5,211 | 692,52
30 270 | 0,85396 |310,360| -384,21 |-287,55| —2,8891 1,5663 3,0535 0,353 | 4,547 | 662,93
30 290 | 0,87800 |281,044| -333,54 | -226,80| —2,6720 1,5864 3,0168 0,513 | 3,590 | 619,03
30 310 | 0,90548 (254,934 | -284,72 | -167,04 | —2,4727 1,6094 2,9555 0,638 | 2,970 | 591,15
30 330 | 0,93326 |232,354| 237,77 | -108,65| —2,2902 1,6372 2,88206 0,716 | 2,561 | 575,03
30 350 | 0,95918 [213,156| -192,45 | -51,70 | —-2,1226 1,6706 2,8144 0,748 | 2,284 | 566,97
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D, T, - D, U, H, S, C., o L, I W,
MIT K kr/m> KLDK/Kr kIbk/kr | KIDKAKE - K) | k[Dk/(kr - K) | kxd/(kr- K) | K/MTa M/C
5 250 | 0,83409 | 53,718 | —249,86 | —156,78 | —1,9766 1,5047 2,48606 5,831 1,377 | 358,07
5 2060 | 0,85765 | 50,234 | -231,91 | 132,38 | —1,8809 1,5060 2,3995 5,369 | 1,370 | 369,34
5 270 | 0,87716 | 47,297 | -214,42 | 108,71 | —1,7916 1,5111 2,3387 4,959 | 1,364 | 379,78
5 290 | 0,90746 | 42,565 | —180,20 | 62,74 | -1,6273 1,5306 2,2672 4,258 | 1,353 | 398,67
5 310 | 0,92971 | 38,866 | —146,39 | 17,75 | —1,4772 1,5604 2,2372 3,680 | 1,342 | 415,50
5 330 | 0,94651 | 35,862 | —112,50 | +26,92 | -1,3376 1,598 2,2328 3,196 | 1,331 | 430,77
5 350 | 0,95949 | 33,356 | —78,22 | +7/1,68 | —1,2059 1,6419 2,2458 2,/85 | 1,320 | 444,83
10 250 | 0,69061 [129,758| -309,46 | —232,39 | —2,5159 1,5943 3,5837 4,052 | 1,744 | 366,59
10 200 | 0,73764 [116,813| —284,01 | —198,40 | —2,3825 1,5828 3,2360 3,953 | 1,650 | 375,82
10 270 | 0,77613 (106,907 | —260,85 | -167,31 | —2,2651 1,5765 2,9969 3,791 1,589 | 385,53
10 290 | 0,83479 | 92,540 | -218,63 | —110,57 | —2,0623 1,5794 2,7096 3,405 | 1,514 | 404,49
10 310 | 0,87693 | 82,410 | -179,37 | —58,03 | —-1,8870 1,5985 2,5599 3,019 | 1,468 | 422,02
10 330 | 0,90828 | 74,743 | —141,49 | -7,70 —1,7297 1,6290 2,4816 2,606 | 1,434 | 438,08
10 350 | 0,93223 | 68,662 | —104,13 | +41,51 | —1,5849 1,6679 2,4452 2,350 | 1,408 | 452,88
15 250 | 0,65598 [204,914| 362,28 | —289,08 | —2,8628 1,5990 3,8350 2,067 | 2,659 | 441,19
15 260 | 0,69775 [185,235| —-332,75 | =251,77 | —2,7165 1,6047 3,6215 2,252 | 2,318 | 433,27
15 270 | 0,73655 [168,978| -305,42 | —216,65 | —2,5839 1,6059 3,4055 2,351 2,097 | 431,46
15 290 | 0,80222 (144,447 | -256,08 | 152,24 | —2,3536 1,6102 3,0579 2,361 1,840 | 437,07
15 310 | 0,85292 (127,096 -211,52 | -93,50 | -2,1576 1,6255 2,86339 2,234 | 1,699 | 447,78
15 330 | 0,89191 (114,173 | —169,67 | -38,29 | —1,9850 1,6522 2,6989 2,054 | 1,611 | 460,01
15 350 | 0,92220 (104,113 —129,24 | +14,83 | —-1,8287 1,6880 2,6214 1,860 | 1,549 | 472,47
20 250 | 0,70095 253,517 | 395,37 | -316,48 | —3,0592 1,5823 3,5123 1,027 | 3,705 | 540,62
20 260 | 0,73374 |234,868| —366,7/3 | —281,58 | —-2,9223 1,5976 3,461 1,198 | 3,165 | 519,12
20 270 | 0,76143 (217,944 | -339,14 | -247,37 | -2,7/932 1,6076 3,375 1,335 | 2,780 | 505,07
20 290 | 0,81476 |189,632| —287,44 | -181,97 | —-2,5595 1,6226 3,163 1,493 | 2,298 | 492,26
20 310 | 0,806115 (167,841 | 239,84 | —120,68 | —2,3550 1,6413 2,9739 1,526 | 2,024 | 491,11
20 330 | 0,89949 (150,949 -195,16 | 62,67 | —-2,1736 1,6680 2,8360 1,479 | 1,854 | 495,66
20 350 | 0,93059 (137,565 —152,31 —6,92 —2,0096 1,7028 2,453 1,390 | 1,740 | 502,98
30 250 | 0,87498 (307,248 | —432,49 | —334,85 | —-3,2743 1,5804 3,1034 0,229 | 5,159 | 709,77
30 260 | 0,88365 |292,533| —406,36 | —303,80 | —3,1525 1,5973 3,1039 0,312 | 4,510 | 680,11
30 270 | 0,89405 |278,420| —-380,57 | —272,82 | —3,0356 1,6103 3,0917 0,390 | 3,994 | 656,03
30 290 | 0,91827 |252,383| —330,30 | 211,43 | —-2,8162 1,633 3,0425 0,527 | 3,247 | 621,29
30 310 | 0,94424 229,607 | —281,91 | —151,25 | -2,6155 1,6577 2,9731 0,622 | 2,758 | 600,30
30 330 | 0,96930 [210,114| —235,30 | -92,52 | -2,4319 1,6873 2,9010 0,671 2,430 | 589,00
30 350 | 0,99197 (193,580 —190,11 | -35,14 | —2,2631 1,7227 2,8401 0,681 2,202 | 584,13
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Mpunnoxenve OA
(cnpaBo4HoOe)

ConocTaBrneHue CTPYKTYpPbl HACTOSALLEro ctaHgapTa co CTPYKTYpOW NPUMEHEHHOro B HEM
MeXAYyHapoA4HOro ctaHaapTta

Tadbnwua HOA.1

CTpyKTypa HacTosLero ctangapra

CTpykTypa mexayHapoaHoro crangaprta NCO 20765-1:2005

1 Obnactb npumMmeHenus (1)

1 ObnacTtb NPUMEHEHUS

2 HopmaTtuBHbIE CCbINKK (2)

Z2 HopmaTuBHbLIE CCbINKKU

3 TepmwuHbl, onpeaeneHns n 0bo3Ha4veHus (—)

3 TepMunHbl U onpeaeneHns

3.1 TepMmuHbl 1 onpeaeneHns (3)

3.2 Ob6osHaveHus (npunoxeHne A)

4 TepmognHammnyeckme ocHoOBbl meToga (4)

4 TepMmoagnHaAMUYECKNE OCHOBbLI MEeTOAA

4.1 CywHoctb metoaa (4.1)

4.1 CywHoCTb MeTOAa

4.2 dyHgameHTanbHoOe ypaBHEHWE COCTOSAHUA AOnS
ceoboaHoOn sHeprmm [enbmronbua (4.2)

4.2 dyHOgameHTanbHoOe YypaBHEHWE COCTOSAHUA AOnS
cBoboaHOM 3Heprum [ enbmMronbLa

4.3 TepmoguHamm4yeckue CBOWUCTBA, Morny4vaemble U3
ceoboaHon sHeprmm ['enbmronbua (4.3)

4.3 TepmogunHammn4yeckue CBOWUCTBA, Morny4vyaemble U3
cBoOOAHON 3Heprum [ enbmMronbLa

5 MeTtop pacyeTta CBOUCTB (5)

5 MeTtoa BblUMMCNEHUN

5.1 BxogHble nepemeHHsble (5.1)

5.1 BxogHble nepemMeHHble

5.2 [lepexon or gaBneHUs K OTHOCUTENBHOW NITOTHOC-
™ (5.2)

5.2 llepexon ot paBneHns K npuBeeHHOW NNOTHOCTU

5.3 [NpoBeaeHne OCHOBHbIX BblUMCIEHUN (5.3)

5.3 [lpoBeaeHne O0CHOBHbLIX BbIYNCITEHUN

6 YcnoBus npumeHeHus (6)

6 YcnoBus NpMMeHeHus

6.1 HaBneHwe n temnepartypa (6.1)

6.1 HaBneHne n temnepartypa

6.2 [as, noAroToBNeHHbIN AN TPaAHCMOPTUPOBAHUSA
Nno MmaructpanbHbIM rasonposogam (6.2)

6.2 [as, noaArotoBNeHHbIN ANSA TPAaHCMOPTUPOBAHUSA
No MarncTparbHbIM ra3onpoBoaam

7 OueHKa HeonpeaeneHHOCTEN padeTa CBOUCTB (7)

/ OueHka HeonpeaeneHHOCTEN BbIYUCTITIEHNIA

7.1 HeonpepeneHHOCTN padvyeTa CBOWUCTB ANS rasa,
NOArOTOBIEHHOINO AN TPaHCNOPTUPOBAHUSA MO Marnc-
TpanbHbIM rasonposogam (7.1)

7.1 HeonpepeneHHOCTN BbIMUCIEHUN ONSA rasa, noa-
OTOBNEHHOro Ansl TPaHCNOPTUPOBAHUA MO Marncrparb-
HbIM ra3onposoaam

7.2 BnnsHne HeonpeaeneHHOCTEN BXOAHLIX MNepe-
MEHHbIX {7.2)

7.2 BnusiHne HeonpeaeneHHOCTEN BXOAHLIX Nepe-
MEHHbIX

8 OdopmnenHune pesynbTaToB pacyeToB (8)

8 OdopmMmneHue pe3ynbTaToB BbIYUCITEHUA

[MpunoxeHne A VcxogHble nonoxeHuws ans yHaa-
MEHTANbHOIO YpPaBHEHUS COCTOSHUA Ans cBob6oOAHON
aHeprun ['enbmronesua (4.2)

[MpunoxexHne A YcnoBHble 0603HA4YEHUA U €aUHULLbI
BENNYUH

[Mpunoxenne B NpeanbHo-razosas cBobogHas 3Hep-
rvs ['enbmronsuya (NpunoXxeHne B)

[MpunoxexHne B KMaeanbHo-razoBas cBobogHas 3Hep-
A [ enbMronbLa

[MpunoxerHne C YpaBHEHME COCTOSAHUA Ans cBobOa-
HOW aHeprun [ enbmroneua (npunoxexmne C)

[MpunoxexHne C YpaBHEHME COCTOSAHMA AN cBOOOA-
HOW 3Heprun [ enbmronbLa

[Mpunoxenne D TMoapobHas nHhopmaumns no ypasBHe-
HUIO COCTOSIHUA (NpunoxeHune D)

[Mpunoxenne D TMoapobHas nHdopmaumns no ypasHe-
HUIO COCTOSIHUS
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CTpyKTypa HacTosLLero ctanaapra

CtpykTypa mexayHapoaHoro ctangapta NCO 20765-1:2005

[TlpunoxeHne E YueTt cneaoBbIX KOMMOHEHTOB (NPUIO-
xeHue E)

[Tonnoxenne E Yuet cnegoBbiX KOMNOHEHTOB

[Tpunoxenne F Peanusauus metoga (npunoxenne F)

[Monnoxenne F Peanunsauns metopa

[Tpynoxenne G Npumepsl pacueToB (Npunoxenmne G)

[Mpnnoxenne G [lpnmepsbl pacyeToB

[Tpnnoxenne JA ConoctaBneHne CTPYKTYpPbl HACTOS-
LIero craHgaprta CO CTPYKTYpPOU NMPUMEHEHHOINO B HEM
MeXAyHapoaHoro craHgapTa (—)

[1pumeyaHune—Illocne 3aronoBkoB pas3aenos (MoApasaenoB) HACTOSAWEro cTaHaapTa B CKobKax npvBeaeHb!
HOMepa aHanorMyHbIX pasgenos (NoApasaenoB) MexayHapoaHoro craHaapTa.
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[1] MexayHapoaHbin cTaHgapT
NCO 12213-2:2006
(ISO 12213-2:2006)

[2] MexayHapogHbin cTaHaapT
NCO 14532:2004
(ISO 14532:2004

[3] MexayHapoaHbin cTaHgapT
NCO 80000-5:2007
(ISO 80000-5:2007)

[4] MexayHapoaHbin cTaHgapT
NCO 80000-9:2009
(ISO 80000-9:2009)

[5] MexayHapoaHein ctangapt MCO/MOK.
PykosoacTteo 99:2007
(ISO/IEC GUIDE 99:2007)

bubnuorpadua

"lpupoaHbin ras. PacyeTHoe onpeaeneHmne pakropa cxxmmvmaemocTn. Hacrtb 2.
PacyeT Ha OCHOBE JaHHbIX O MOJTAPHOM KOMMOHEHTHOM COCTaBe

(Natural gas — Calculation of calculation compression factor — Part 2:
Calculation using molar-composition analysis)

a3 npupoaHbin. CrnoBapb

(Natural gas — Vocabulary)
BennunHbel n egnHnubl BenudmH. Yactb 5. TepmognHammka

(Quantities and units — Part 5. Thermodynamics)

BennumHe! n eanHuubl BEnNn4nH. Yacte 9. Puandeckass XmumMmusa n MONEKynsp-
Hasx PU3NKa

(Quantities and units — Part 9: Physical chemistry and molecular physics)
MexayHapogHbin crnoBapb OCHOBHbLIX M OBLLMX TEPMUHOB B METPONOIMA

(International vocabulary of metrology — Basic and general concepts and
associated terms)

[6] TepmoanHamuka. OCHOBHbIE NMOHATUSA. TepmuHonorms. bykBeHHble 0603Ha4vYeHns1 BenuynH. CHOOpHUK onpegeneHun,
Bbirn. 103/KomnteT Hay4HO-TexHun4eckon tepmuHonormm AH CCCP. M.: Hayka, 1984 — C. 40

[7] Starling, K.E. and Savidge, J.L. Compressibility Factors of Natural Gas and Other Related Hydrocarbon Gases.
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and Errata No. 1, June 1993, Arlington

[8] Schley, P., Jaeschke, M. and Busch, C. Berechnung kalorische ZustandsgroBen von Erdgasen mit der
AGAS8-DC92-Zustandsgleichung, gwf-Gas/Erdgas Vol. 139 (11), pp. 714—719, 1998

[9] Wagner, W. and De Reuck, K.M. International Thermodynamic Tables of the Fluid State — 13 — Methane, Blackwell,

Oxford, 1996
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No. 355 (1997)
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ObLwee Yncno NCnonb3oOBaHHbIX AaHHbIX 7433.

[11] a) Ewing, M.B. and Goodwin, A.R.H. J. Chem. Thermodynamics, Vol. 25, pp. 1503—1511 (1993)
b) Fawcett, D. Thesis, Murdoch University (June 1995)
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d) Montel, F., Labes, P., Daridon, J.-L., Lagourette, B. and Xans, P. Proceedings of the 6th International Gas Research
Conference, Cannes, France (November 1995) pp. 242—250 (Govt. Institutes Inc., Rockville, Maryland)
e) Le Noe, O. and Desenfant, P. Gaz de France, note to GERG WG1.3, 24 January 1996
fy Pack, D.J. Murdoch University, note to M. Jaeschke, 27 September 1996
g) Trusler, J.P.M. J. Chem. Thermodynamics, Vol. 26, pp. 751—763 (1994)
h) Trusler, J.P.M. and Costa Gomes, M.F. Report to GERG WG1.3, 19 October 1995
1) Younglove, B.A., Frederick, N.V. and McCarty, R.D. NIST Monograph 178, January 1993

[Tpumedvanune—Obuwee 4YMCNO AaHHbIX, NCMONBb30OBAHHLIX U3 UCTOYHMKOB € [11](a) no [11](i), paBHo 1194,
[12] Owren, G., Grini, P.G., Maehlum, H.S. and Jorstad, O. SINTEF Energy report for GERG WG 1.3 (1 August 1996)

[Tpumeyanwmne—ObLWee Yncno AaHHbIX, B3ATbIX U3 [12], paBHO 206.

[13] Aly, F.A. and Lee, L.L. Self Consistent Equations for Calculating the Ideal Gas Heat Capacity, Enthalpy and Entropy,
Fluid Phase Equilibria, Vol. 6, pp. 169—179, 1981
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