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MpeancnoBue

1 MNOArOTOB/IEH ®epepanbHbiM roCy4apCTBEHHbIM YHUTapHbIM Mpeanpusatuem  «Poccuiicknii
Hay4YHO-TEXHUYECKWI LEeHTP UuHopmauMm no cTaHjapTv3auuv, MeTponorMm u OLEHKE COOTBETCTBUS»
(oryn «CTAHOAPTUH®OPM>») Ha OCHOBE COGCTBEHHOIO NEpeBOa Ha PYCCKUiA A3bIK aHI/T083bI4HOW BEpCUN
MeX[yHapoAHOro ctaHgapTa, ykasaHHOro B NyHkTe 4

2 BHECEH TexHuuyeckum KOMMTETOM Mo cTaHgapTu3aumm TK 180 «lfocygapctBeHHas cnyxba ctaHgapT-
HbIX CMPaBOYHbIX AaHHbIX»

3 YTBEPX/EH U BBEJIEH B JIEVICTBVE [Mpukasom ®efepansHOro areHTCTBa Mo TEXHUYECKOMY pe-
rynupoBaHuio 1 metponoruu oT 13 geka6bpsa 2011 r. Ne 1101-cT

4 HactoAwwui ctaHgapT MOAWMULMPOBAH MO OTHOLEHWID K MeXAyHapofHOMY cTaHAapTy
MCO 12213-3:2006 «la3 npupoaHbiii. PacueTHoe onpeaeneHune akropa cxmmaemoctu. Yactb 3. Pacuet-
Hoe onpefeneHne Ha OCHOBE AaHHbIX 0 hu3nyeckux coiicTBax rasa» (ISO 12213-3:2006 «Natural gas —
Calculation of compression factor — Part 3: Calculation using physical properties», MOD) nytem n3meHe-
HWS ero CTPYKTYypbl 4/151 NPUBEAEHNS B COOTBETCTBME C NpaBunamu, yctaHosneHHoiMn B FOCT P 1.5—2004
(noppasgensl 4.2 n4.3), a Takke nyteMm U3MeHeHus oTAesbHbIX hpas (C/I0B U CCbINIOK), KOTOPbIE BblAe/EHbI
B TEKCTe MOMY>XUPHBLIM KYPCUBOM.

BHeceHMe ykasaHHbIX TEXHUYECKNX OTK/TIOHEHWIA HanpaBAeHo Ha yyeT 0CobeHHOCTel 06bekTa cTaHgap-
TU3aumMn, xapakTepHbIx Ana Poccuiickoli defepanun, a Takke CBSA3aHO C Lien1ecoobpasHoCTbio MCMOo/b30Ba-
HUA CCbUTOYHbIX HALMOHa/TbHBIX U MEXroCyAapCTBEHHbIX CTaHAapTOB BMECTO CCbIIOYHbIX MeXAYHapOoaHbIX
CTaHfapToB.

HaunmeHoBaHWe HacTosLLero ctaHjapTa U3MEHEHO OTHOCUTE/IbHO HaUMEHOBAaHUSA yKa3aHHOro Mexay-
HapoaHoro cTaHgapTa Ans npueegeHus B cootsetcTeue ¢ FOCT P 1.5—2012 (nyHkT 3.5).

ConocTtaBfieHne CTPYKTYypbl HACTOSALLEro cTaH4apTa co CTPYKTYPOI yKa3aHHOro MexayHapogHOro CTaH-
AapTa npuBefeHo B fOMNOSTHUTENIbHOM NPUioXxeHun A

5 BBEJEH BMNEPBbIE

6 NEPEN3OAHUME. ABryct 2019 1.

MpaBuna npyuMeHeHss HaCTOALWEro cTaHgapTa ycTaHoB/EeHbl B cTaTbe 26 PefepanbHOro 3akoHa
0T 29 utoHA 2015 r. N9 162-93 «O cTaHgapTu3auum B Poccuiickoii ®epnepauun». MHdopmauns 06 13-
MEHEHMAX K HacToALLeMy CTaHAap Ty Ny6nkyeTca B eXerogHom (Mo cocTOoAHUI0 Ha 1sHBaps TekyLero
roga) nHopMaLnoHHOM yKasaTene «HaunoHasbHble CTaH4apThi», a ohuunanbHblii TEKCT M3MEHEHUN
1 NonpaBoK — B eXeMeCAYHOM MH(opMaUNOHHOM ykasaTene «HauuoHanbHble cTaHgapThi». B cnyvae
nepecMoTpa (3aMeHbl) UM OTMEHbl HACTOSALLEr0 cCTaHgapTa CooTBeTCTBYyLee yBefoMmeHe byaeT
ony6/nKoBaHO B GaMXKalilleM BbIMYCKEe eXeMeCHYHOro MHMOPMAaLMOHHOro ykasaTensa «HaunwoHasbHble
cTaHgapTbi». CooTBeTCTBYWLWasA UHpopmaunsa, ysefoMneHne 1 TEKCTbl pasMellalnTca TakKke B UH-
chopMaLMoHHO cucTeme obLLero nonb3oBaHna — Ha ouymansilom caiTe ®egepanbHOro areHTcTBa Mo
TexXHUYeCcKoMy perynpoBaHuio 1 MeTposiorMn B ceTu MIHTepHeT (www.gost.ru)

© 1SO, 2006 — Bce npasa coxpaHaloTca
© CraHgapTvHdopM. odhopmieHne. 2013. 2019

HacToswuii cTaHAapT He MOXEeT GbITb MOMIHOCTLIO UM YACTUYHO BOCNPOU3BEEH, TUPaXUPOBAaH U pac-
MPOCTPaHEH B Ka4YeCTBe 0hMLMaIbHOTO N3aaHus 6e3 paspelleHnst defepanbHOro areHTCTBa No TeXHUYEeCcKo-
My perysiMpoBaHuio U MeTposiorum
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(NCO 12213-3:2006)

HAUWOHANBbHBLMN CTAHOAPT POCCUWNCKOWN OSGELEPALMUNN

lFocypapcTBeHHas cucTeMa o6ecnedyeHusi eiMHCTBA N3MepeHuii
rA3 I'IPI/IPOﬂ,HbIIZ. ®AKTOP CXXVMAEMOCTW FA30BOW ®A3bl
MeTog pacyeTHOro onpejesieHnst Ha OCHOBE JaHHbIX 0 (PU3NYECKNX CBOMCTBAX rasa

State system for ensuring the uniformity of measurements. Natural gas.
Compression factor of gas phase. Method of calculation based on gas physical properties

fata eBegeHns — 2013—01—01

1 O6nacTtb NpUMeHeHUs

HacToswwnii cTaHaapT ycTaHaBnMBaeT MeTof pacyeTHOro onpefesieHns hakTopa CKXUMaemMocTu npu-
pofHoro rasa, NOAroTOB/IEHHOTO AN TPAHCNOPTUPOBAHNA M pacnpefefieHns no MarucTpanbHbIM
rasonpoBojam, npy yc/oBUU Ero HaXoXAeHNst TOIbKO B ra3oBoii hase.

CTaHfapT pacnpocTpaHseTcs Ha NoAroTOB/eHHbIe A1 TPAHCNOPTUPOBAHKS MO MarucTpasibHbIM raso-
npoBoAam rasbl B AranasoHax AaB/fieHUst 1 Temnepatypbl, Npy KOTOPbIX Ha MPaKTKe OCYLLECTBASOT TpaHC-
nopTMpoBaHue U pacnpegesieHne aTuxX rasos.

Bonee feTanbHble CBeAeHUs 0 MPUMEHEHUU MeTofa U3oXeHb! B [1].

2 HopmaTuBHbIE CCbIJIKU

B HacToslem cTaHgapTe UCNONb30BaHbl HOPMaTUBHbIE CCbISIKM Ha Crefytoline cTaHaapTbl:

FOCT 8.417—2002 NocygapcTBeHHasA cucTema obecnevyeHns eUHCTBA NU3MeEpPEHUin. EanHnybl
Be/INYUNH

FOCT 31369—2008 a3 npupoAHblil. BbluncieHne TENNOTbI CropaHusi, NAIOTHOCTU, OTHOCUTE/IbHOW NoT-
HOCTW. uncna Bobb6e Ha ocHoBe KOMMOHEHTHOro coctaBa (MCO 6976-1:1995 «a3 npupogHblii. PacueT Tenso-
TBOPHOI CNOCOBHOCT W, NI0THOCTU, O THOCUTE/bHOI NIOTHOCTU U MHAekca Bob66a ana cmecn», MOD)

FOCT N 8.662—2009 (MCO 20765-1:2005) NocyfapcTBeHHaa cucTemMa obecnevyeHus egmHcTBa
n3mepeHuii. a3z NpupoaHbIii. TepmMoguHamMmuyeckve cBolicTBa rasoBoli dasbl. MeToAbl pacye THOro
onpepeneHva gna uenei TpaHcnopTMPOBaHUA U pacnpefie/ieHns rasa Ha oCHoBe PyHAaMeH T asibHO-
ro ypaBHeHusa cocTosiHus AGA8 (MCO 20765-1:2005 «a3 npupofHblii. PacyeT TepMoanHaMmnyeckmnx
cBoiicTB. YacTb 1. ColicTBa rasoBoli pasbl 414 TpPaHCNOPTMPOBaHUA U pacnpegeneHus», MOD)

FOCT P 8.668—2009 NocygapcTBeHHas cucrTema obecnevyeHnss eauHCTBa U3MepeHuin. Tenno-
Ta (3Heprus) cropaHnsa o6bemHas npupogHoro rasa. O6uwuve TpeboBaHUA K MeETOAAM U3MEPEHNIA

NMpumeuanne — T[lpy NobL30BAHUM HACTOALWMM CTAHAAPTOM LENecoo6pasHo NpoBEPUTL AENCTBUE CCbINOY-
HbIX CTaHAAPTOB B MHDOPMALMOHHON cUCTeMe 06LLero nosb3oBaHus — Ha ouLnanbHOM cailTe defepasnbHOro areHT-
CTBa MO TEXHUYECKOMY PErysiMpoBaHuUI0 ¥ METPOJIONMM B CETU VIHTEPHET M/ MO EXEroAHOMY MH(OPMAaLMOHHOMY yKasa-
Teno «HauuoHasbHble CTaHAAPTbI», KOTOPbIA ONy6/IMKOBAH MO COCTOSIHWIO HA 1 siHBaps TeKyLlero roga, u no Bbinyckam
€XEMECAYHOro MHPOPMALMOHHOTO yKazaTessi «HaunoHaibHble CTaHAapTbI» 3a TeKyWwnii rog. ECiu 3aMeHeH CCbI/IOYHbIN
CTaHAapT, Ha KOTOpbIii faHa HeJaTUpoBaHHAs CCblfiKa, TO PEKOMEHAYETCsl UCMNOMb30BaTh AelCTBYIOWY0 BEPCUI0 3TOMO
CTaHAapTa C yu4eTOM BCEX BHECEHHbIX B AaHHYH0 BEPCUI0 M3MEHeHuii. EC/iM 3aMeHeH CCbIMIOYHbIN CTaHgapT, Ha KoTo-
pbiii faHa faTMpOBaHHas CCblfika, TO PEKOMEeHAYeTCs UCMO/b30BaTh BEPCUIO 3TOM0 CTaHAapTa C yKasaHHbLIM Bbille rogoM
yTBEPXAEHUSA (MpUHATUA). ECIM noc/ie yTBEPXKAEHUS HACTOSLWEro CTaHAapTa B CCbIIOYHbIN CTAaHAAPT, HA KOTOPbIV AaHa
[aTUpoBaHHas CCblika, BHECEHO U3MEHEHWe, 3aTparuBatoLLee nosiokKeHne, Ha KOTOpPoe faHa CCbika, TO 3TO NOMOXKeHNe
peKkoMeHAyeTCs NPUMEHATL 6€3 yyeTa AaHHOTO U3MEHEHUs. ECM CCbINIOYHBIN CTaHAAPT OTMEHeH 6e3 3aMeHbl, TO MoJio-
XEeHWe. B KOTOPOM JaHa CCbl/ika Ha Hero, PEKOMeHAyeTcsl NIPUMEHSAThL B 4acTW, He 3aTparvBaloLLeit 3Ty CCbIIKy.

N3paHue oduymansHoe
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3 TepMmuHbI, onpegesieHNs 1 o603HavYeHns

3.1 TepMmuHbl 1 onpepeneHus

B HacToOAWeM cTaHgapTe npuMeHeHbl TepMuHbl no FOCT P 8.662, TOCT P 8.668, TOCT 8. 417,
FOCT 31369, c yueToOM [1].

3.2 O603HaueHus

3.2.1 YcnoBHble 0603HaYEeHUSA
YcnoBHble 0603HaYEHNS BE/IMYUH NpUBEAEHbI B Tabuue 1.
O603Ha4YeHNs Be/IMYUH U UX eAMHWUL, YKa3aHHble B Tabnmue 1. MCnosib30BaHbl Kak B OCHOBHOM TeKcTe

CTaHAapTa, Tak 1 B MPUAOXEHUN B. EANHULI BENIMYUH, NPVUBEAEHHblE B Tabuue 1. COOTBETCTBYIOT 3HAUYEHN-
AM KO3(h(PMLNEHTOB, NPUBEAEHHBIM B NPUNOXEHUN B.

Ta6nuua 1— YcnoBHble 0603HaYeHUsA BENUNH

Bennunna
EavHiua
O603HaueHve HavmveHosaHve
bHO YneH Hynesoro nopsigka (NOCTOsSIHHasA) B pasnoxeHun B., no cteneHsam M3 KMOb' 1
MOISIPHOW TennoTsl cropanus (H ~) [ypaBHeHue (B.20)]
bH1 YneH nepsoro nopsgka (MHelHbI) B pasnoxennn Bn no cteneHsm mo- M3 - MIx 1
NSPHO TennoTbl cropannsa (HcH) [ypaBHeHue (B.20)]
bR YneH BTOpOro nopsifka (KBagpaTuuHblii) B pa3noxeHuu B,, no creneHsam M3 ¢ kMOnb * M2
MOJISIpHOI TennoTebl cropanust (HcH) [ypaBHeHue (B.20)]
UneHbl pasnoxenus Btn no temnepaType [ypasHeHue (B.21)] M3 « koMb
b.,o(0> M3 «kmonb' 1 -K"1
b*0 (1> M3 ¢ KMONb*1 « IC*
0*0(2)
*>%<0) UneHbl pasnoxeHusi 8(<) no temnepatype [ypaBHeHue (B.21)] M3 -kapgxl
M3 mM XK1 «K 1
bH,<1) M3 e MIK- 1 ¢ K- 2
0Ox<2)
0) YneHbl pasznoxeHus B,q no TemnepaTtype [ypaBHeHue (B.21)] M3 mkMosb * MK 2
M3 mKMOSb - MX 2 - K- 1
0*20) M3 - kmonb M/ 2 - 1C2
02(2)
0*(%) UneHbl pasnoxeHusa B-no temnepatype [ypaBHeHune (B-22)] M3 krnonb 1
m3ekmonb'l K 1
0,(D) M3 ¢ KMO/IL™] *+K'"2
0.(2)
B BTopoli BUupuanbHblii koadhuumneHT [ypasHermne (1)] M3 krnonb'l
By BTopoii BupuanbHbIl KO3 ULMEHT NapHOro B3avMOAENCTBUA MexXAy M3 « kronb' 1
KOMMNOHEHTOM / 1 KOMNOHEHTOM/ [ypaBHeHue (B.22)]
cHO YneH HyneBoro nopsiaka (NOCTOSIHHbLIN) B pasnoxeHun C,,, MO CTENeHsMm M6 * Kr10Mb-2
MONSIpHOW TennoTsl cropanus (H *) [ypaBHeHue (B.29)]
T UneH nepBoro nopsigka (MHeliHbIn) B pa3noxeHnn Cw no cTeneHsaM Mo- M6 - KMOMb-1 * MK 1
NSApHOW TennoTbl cropannsa (HcH) [ypaBHeHue (B.29)]
CcHO YneH HyneBoro nopsiaka (MOCTOSHHBIA) B pasnoxeHun Cl No CTeneHsm M6 kronb 2
MoNsipHON TennoTsbl cropanus (Ho') [ypaBHeHue (B.29)]
T YneH nepsBoro nopsigka (NnMHeliHblin) B pasnoxeHun C11nno cteneHsim mo- M6« krnonb'l « MK 1
nsApHoi TennoTkl cropannsa (H ™) [ypaBHeHue (B.29)]
o> UneH BTOporo nopsigka (KBagpaTuyHblil) B pasdnoxeHun Cl no CTeneHsm M6 mM [k 2
MOMISIPHON TennoTbl cropanus (A”2,) [ypaBHeHune (B.29)]
.o UneHbl pa3noxeHusa cT no Temnepatype [ypaBHeHue (B.30)] M6 - Krnonb-2
c*0<°)
M6 ¢ kronb-2 * K--1
C*0(1) M6 * Krnonb'2 e K- 2
c*0(2)



OkoHuyaHne Tabnuubl 1

O603HayYeHue
c*,(0)

Cx 0)

cx (2)]

CH2(0)
CH2 W

cH 2 (2)

<y*(o>

1>

Cn*

OHcH

S b 4UOT T o

< X

z

p
Pm

BenuunHa
HaunmeHoBaHue

UneHbl pasnoxeHus c,yl no temnepartype [ypasHeHune (B.30)]

YUneHbl pasnoxenusa c,” no Temnepartype [ypasHeHue (B.30))

UneHbl pasfoxeHus no Temnepatype [ypaBHeHve (B.31))

TpeTwnii BUpnanbHbli koaddurumeHT [ypasHeHune (1)]

MepeKpecTHbIl TpeTuii BUpnanbHblii koadduruneHT [ypaBHeHnne (B.31)]
OTHOocMTenbHas nnotHocTb \d (Bo3ayx) = 1: ypaBHeHue (B.1)]

MN3mMeHeHne MONApPHOIA TeNNOTbI CropaHusi Hcx BO BpeMs Utepauuii [ypas-
HeHus (B.10) u (B.11)]

3HayeHue BbiclWel TennoTbl CropaHns [ra3 nNpu HOpMasbHbIX YCIOBUAX
(0’ C, 1013 25 6ap), TemnepaTypa cropanus 25 "C]

MonspHas TennoTta cropaHusa (tTemnepatypa cropaHus 25 "C)

MonsipHas macca [ypaBHeHus (B.5) n (B.8)]

AbconTHOe gaBneHne

YHuBepcanbHasa rasosasi NOCTOAHHaA

AbconoTHaa TemnepaTypa

Temnepatypa B rpagycax Uenbcus [[= I - 273.15: ypaBHeHue (B.27)]
OTHOCUTENbHAA pacllMpeHHas HeonpejeneHHoCTb

MonspHbIii o6bem (= 1/pT)

MonsipHas [0Ns KOMMOHEHTa

Komb6uHaunoHHbIE napameTpbl A8 NepPeKPecTHbIX BTOPbIX BUPUasbHbIX
KoaghpuymeHToB Bi2 un B 13 (Tabnuuya B.2) 1 nepekpecTHbIX TPeTbUX BUPU-
anbHbIX KO3 DULNEHTOB [ypaBHeHue (B.32)]

dakTop CXMMaemMocTn

Maccosasi nnoTHoCcTb [ypaBHeHus (B.8) u (B.42)]

MonsipHasa nnoTHocTb (=VA 1)

FOCT P 8.769-2011

EavnHunua

MB e« KkMONb'l « M A* 1
MR- KMOMbll «M O *1-KV1
M6 « kMOsb- 1 « MXK-1 - K- 2

M6 mkMOnb' 2
MB « KMONb'2 - K'1
M® « KMOJTb-2 « k - 2

M® « KMONb 2
M® mKMOJb'2
1
MIx kmonb'"l

M - 173

MOx  kmonb"l
kr mKMO/1b'l
6ap*
M3 6ap kmosnb'l mlGl
K
"C
%
M3 - KMonb 1
1
1

1
Kr e M~3
KMO/b *M"'3

' HecMoTps Ha TO 4TO 6ap He OTHOCUTCS K CUCTEMHbLIM €AUHULLAM, NPUMEHSEMbI MeXAyHapoaHbI CTaHfapT opu-
€eHTMPOBaH Ha UCMosib30BaHWe B pacyeTax (B TOM YMC/e B KOMMbIOTEPHOI Bepcum) aToi eguHuubl (1 6ap = 0,1 MMa).
Mo 3Toii NpuunHe B HacTOsILEM CTaHAapTe [as/ieHue, BKIOYas AasfieHne N8 YHUBepCaslbHON ra3soBoii NOCTOSH-
HON R. MOXeT 6bITb BbIpaXEHO B eAnHuLe «b6ap» unu eanHule «MrMa» B 3aBUCMMOCTMU OT TOTO, Kak AaHHble eAnHNLbI
npeAcTaB/ieHbl B Pa3inyHbIX pasjenax npuMeHsemoro MexayHapoAaHoro ctaHgapra.

3.2.2 loNONIHNTENNbHbIE MHAEKCHI
n — 3HayeHve npy HopMmanbHbIX yenosusax (T, = 273,15 K. P, = 0,101325 MMa);
CH — ans 3KBMBaNEHTHOrO Yr/1eBoAopoaa;

CO — ansa MoHoKcuaa yrnepoaa;

C02— gna gnokcupa yrnepoaa,

H2— ana sogopoaa;

N2— ana asota.

3.2.3 JonoNHUTEeNbHbIE 0603HAYEHMNS

(air) — gnsa cyxoro Bo3fyxa CcTaHAapTHOro coctasa [ypaBHeHue (B.1)];
(O) — pn1a yCNOBHOIO 3Ha4YeHus p, UCMO/b3yeMOoro B ypaBHeHun (B.11);
1 — gnAa skBMBaNEHTHOrO yrnesogopoga [ypasHenus (B.12) n (B.15)];
2 — ans asorta [ypaBHeHus (B.12) u (B. 16)];
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3 — ana guokeunpa yrnepoaa [ypasHeHnus (B.12) n (B.17)]:
4 — ana Bogopofda [ypasHeHus (B.12) n (B.18)];

5 — ansA moHokcuga yrnepoga [ypasHeHus (B.12) n (B. 19)];
(id) — cocTosiHMe naeanbHOro rasa;

(1) — cueTuunk ntepaymii (B.2.1),

(v) — cyeTuuk ntepauuii (B.2.2);

(iv) — cueTumk utepaumii (B.4).

4 MeToA pacyeTHOro onpeaeneHuns

4.1 CywHoCTb MeToAa

MPUHLMN METOAa HACTOSALLEro CTaH4apTa OCHOBAH Ha TOM. YTO A/15i PACYeTHOro onpeaesieHus Tepmuye-
CKUX CBOICTB Nof/iexallero TpaHcnopTMpOBaHUI0 No ra3onpoBoAy NPUPOAHOTo rasa A0oCTaTouyHo MHGopMa-
Ly o psge ero pusnyecknx cBoiicT. COOTBETCTBYHOLLME iaHHbIE COBMECTHO C TeMMepaTypoii 1 NIOTHOCTbIO,
XapakTepu3yowmmMn CoCTOsIHNE rasa, COCTaB/SOT KOMM/EKC BXOAHbIX NMepeMeHHbIX 418 paccMaTpMBaeMoro
meToza.

B meToze MCnofb3yloT creayoliye husnyeckue CBOICTBA; BbICLUIYH TEMIOTY CropaHvsi, OTHOCUTESb-
HYIO MI0THOCTb M MOJISIPHYIO 40110 AMOKCUAA yriepoda. MeTod, Kak npasuio, NPUMEHsIOT Npyu OTCYTCTBUN
CBEJleHW 1 0 MO/IHOM KOMMOHEHTHOM cocTaBe rasa. [1s rasoB C CUHTETUYECKUMU NPUMECAMU (CUHTE3-Tas)
HEO6X0AVMO UMETb [OMOSHUTENbHBIE CBEAEHNSI O MOJISIPHON Aose BoJopoaa.

4.2 YpaBHeHue cocTosaHUa SGERG—88

PacueTHblli mMeToA OCHOBaH Ha CTaHAapTHOM BWpPWaNbHOM YpaBHEHWW COCTOSIHUS NPUPOAHOrO
rasa GERG—88 (SGERG—88) (ucrTouHuku cm. B FOCT P 8.662). BupuanbHoe ypaBHEHNE COCTOSHUSA
GERG—88 nonyuyeHo 13 6a30BOro ypasHeHuss coctosaHua GERG—88 (MGERG—88). ocHOBaHHOro Ha
HanM4Mm cBeAeHUA 0 NOSTHOM KOMMNOHEHTHOM cOCTaBe rasa (McTo4YHuku cm. B FTOCT P 8.662).

PakTop CXXMMaeMocTn Z nonydaroT u3 ypaBHeHus SGERG—88 cornacHo ypaBHeEHUIO

Z=1+ePm-Cp2, (1)

roe Bun C — dyHKUMU BXOAHbIX NEePEeMEHHbIX: BbiCLIel TennoTbl cropaHnsa H5, oTHOCUTENbHOW NA0THOCTY d.
MONSAPHbIX fonei guokcuaa yrnepoga n sogopoga (C02 n H2) n temnepatypsl T\
pra — mosfspHasa NA0THOCTb COrMacHoO BbipaXXoHuio

Pr =p/ (ZRT), 2

roe Z » fy(p. I'. Hs,d, xCOr, ). 3)

Mpu aTtom B MeToge SGERG—88 cmecb NpMpoAHOro rasa paccMmarpusatoT, No CyLecTBY, Kak NATUKOM-
MOHEHTHYI0 CMeCb, BK/HOYAIOLLLY0 B CE6S1 3KBMBaNEHTHbIV YIN1eBOAOPOAHbIV ra3 (C TeMun xe TepMognHammnye-
CKAMW CBOICTBaMU, kakumu obniafaeT cymma NpUCYTCTBYIOLWIMX YI1EBOAOPOLOB), as30T, AUOKCUA, Yriepoaa,
BOJOPOA, 1 MOHOKCKf, yrnepogda. Ans afekBaTHOro npeactaB/ieHns TepMOAVHAMUYeCKUX CBOMCTB YrneBoao-
POAHOro rasa Heob6Xxo4MMO 3HaTb Takke TennoTy cropaHua HCW. MoaTomy Ansa BblUMCAEHWUA Z UCMONb3YOT
3aBUCMMOCTb

Z =/[2|p, T, HCH, XCH. x, xCg2 xHr, xco0). 4)

[na mogenupoBaHusa cMmeceli TUna KOKCOBOTO rasa yuuThIBaloT MOIAAPHYIO fO/10 B PMKCUPOBAHHOM CO-
OTHOLLEHWM C cofepxaHnem Bogopoda. Ecnu Bogopog oTcytcTByeT (XH <0.001), To npuHumaloT xH *O0.
[Jlanee cmecb MpMPOAHOINO rasa paccMaTpvBaloT B METOAE BbIYMC/IEHUI Kak TPEXKOMMOHEHTHYI CMecCh
(cm. npunoxexve B).

BbluncneHNs NpoBOAAT B TPU CTaAMM C MOMOLLbI UTEPATUBHBIX Onepauuii, AeTanbHO ONUCaHHbIX B
npunoxeHun B. [Ina nCXoAHbIX faHHbIX TpebyeTcs cMoAennpoBaTb NATUKOMIMOHEHTHYIO CMeCh, 1S KOTOPOW
MOryT 6bITb C YA0OBNETBOPUTENLHOW TOYHOCTbIO ONpeAesneHbl 3afaHHble 3HauYeHUs BbICLUe TennoTbl cropa-
HUSI U OTHOCWUTENbHOW NNIOTHOCTU.

4
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Bo-BTOpbLIX, €C/IM 3Ta MOZe/Nb onpeaeneHa, MoryT 6biTb HailgeHsl B 1 C npu ncnonb3oBaHWM ypaBHe-
HUIA. TaKKe NPUBELEHHBIX B NPUIOXeHUN B.
Ha TpeTbei cTagum peluatoT cucteMy ypaBHeHuid (1) u (2) ana pT v 2 NoaXoAALMM YAC/IEHHBIM METOAO0M.

4.3 BXxoaHble nepemMeHHble

4.3.1 NpeanoyTuTeNbHbIi Habop BXOAHbIX NEPEMEHHbIX

B kayecTBO NpeAnoyTUTENbHbIX BXOAHBLIX NepeMeHHbIX B ypaBHeHun SGERG—88 ncnonb3yot abeo-
NOTHOE fAaBrieHve, TemnepaTtypy W BbICLUYIO TEMI0TYy cropaHus (B 06bEMHbIX efuHULax), OTHOCUTENbHYIO
NAI0THOCTb, MOJIAPHYIO [O/110 ANOKCHAA yriepoja u Bogoposa.

Taknm 06pa3om, B kayecTBe BXOAHbIX NepeMeHHbIX NCMOoMb3YyT Habop AaHHbIX A: Hs. d, xco un *
OTHOCUTE/IbHYIO MIOTHOCTb OTHOCAT K HOpMasbHbIM ycrioBuam p = (101.325 kMa n / =0 CC), a BbiCLYIO Tenso-
Ty CropaHust — K HopmasbHbIM ycnosuam (p = 101.325 kMa n 1 = 0 X ) n k Temnepatype BCnbIWkn t = 25 “C.

4.3.2 AnbTepHaTuUBHble HAbOpPbl BXOAHbIX NepeMeHHbIX

Mpwn npvMeHeHUn cTaHAapTHOro ypaBHeHus coctosiHuas GERG—88 fonyckaetca Mcrnonb3oBatb aslb-
TepHaTuBHble (MO OTHOLEHWIO K onucaHHoMy B 4.3.1) Habopbl BXOLHbIX NepPeMEHHbIX:

*N2-Hs-dw xH2 (Ha6op B);

V  *co2-d un xH2 Ha6°P c):

V' XC02-Hs un xH2 (Ha6°P °>-

Wcnonb3oBaHne anibTepHaTUBHBLIX HAOGOPOB BXOAHBIX NMEPEMEHHbIX MPUBOAUT K pesy/bTaram, KoTopble
MOTYT pasnuyatbCs B YETBEPTOM [JECATUYHOM 3Hake. B HacTosleM ctaHAapTe pekOMeH0BaHO UCMOJb30-
BaTb HAOOP BXOAHbIX NEPEMEHHbIX A.

4.4 Ycnosus npuMeHeHua metoga

441 a3, NoAroTOBAEHHbIN AN TPAHCNOPTUPOBAHUSA U pacnpefesieHus no MmarncTpasbHbIM ra-
3onposogam

[na Takoro rasa ycrioBusi NpUMeHeHns mMeToa cnegyrouine:

- abconoTHOE AaBneHve 0 MMa £p £ 12 MMMa;

- Temnepartypa 263 KE£ TE 338 K;

- MonisipHasa gonsa guokeupa yrnepoga 0 £ xCOi £ 0,20;

- MO/IipHasa fona Bogopoaa 05 xH2 5 0.10;

- BbICLLaA TensioTa cropaHns 30 MO mmM~3 £Hs £45 MIX e M“3;

- OTHOCWTENIbHAsA NIOTHOCTb 0,55 £ d £ 0.80.

MonsipHble f0M ApYyrux KOMMNOHEHTOB NPUPOAHOro rasa He TpebyeTcs paccMmatpusBaTb Kak BXOAHblE
nepemMeHHble. Tem He MeHee MOJIAPHbIE J0/N 3TUX KOMMOHEHTOB MOTYT Haxo4uTbCA B CefyowWwunx npegenax
(TMNUYHOE OTHOLLEHUE MONSAPHbIX A0/ei nocnefoBaTeslbHbIX KOMNOHEHTOB B FOMOJIOTMYECKMX pPsijax aska-
HOB 3 :1 — cM. npunoxeHue A):

- MeTaH 0.7 £ xcH™ £ 1,0;

- asor 0 £ xN £*0.20;

- 9TaH Owunxf, £0.10;

- nponaH 0 £ xc, £0.035
- ByTaHbl 0£xc3,r £0,015;
- NeHTaHbl 0£ x%ﬁ’z s 0.005;
- rekcaHbl 0 £ xc £0.001;

- renTaHbl 0 £ xc6s 0.000 5;

- OKTaHbl N/C BbiCLUNE YINEBOAOPOAbI O£ xc £0.000 5
- MOHOKCKA yrnepoga 0 £xco £0,03;

- renuii 0 £ xVe £ 0.005;

- BOAa 0 £ xWr0 £0,000 15.

MeToZ NPUMEHUM TOJIbKO K CMEeCSM, HaxoAswumcs B 0A4HO(A3HOM ra3oBOM COCTOSHUM (Bbllle TeM-
nepartypbl KOHAEHcaUun) Npu 3afaHHbIX TemnepaType 1 gasneHun. Ans rasa, NoAroTOBMAEHHOIO ANS TpaHC-
NnopTUPOBaHUA U pacnpeseneHns nNo MarucTpasbHbiM ra3onpoBofamM, MeTof NPUMEHUM MpU pacLUMpeHHbIX
AvanasoHax TemnepaTtypbl U AaBNeHWs, 04HAKO HeonpeAe/IeHHOCTb pacyeTHbIX 3HAYEHWIA NMpPU 3TOM BO3pac-
TaeT (CM. pucyHok 1). Mpu KOMMbIOTEPHOI peanunsalmmn MeToga HUKHUIA TeMnepaTypHbili Npegen yctaHas/u-
BatoT 250 K.
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YpaBHeHue cocTosiHua SGERG—88

p — faBnoHue; I — Temnepatypa; 1— UZ S40.1 %;2— UZoT 401 %pa040.2%;, 3— UZoT40,2% ao 40,5 %.
4— UZoT40.5%pa0 43.0% (npeacTaBneHHble nNpejesnbl pacWNpeHHon HeonpegeneHHOCTU oxXuaarTes
peanbHbIMU ANA NPUPOAHbLIX TA30B U aHANOIMMYHbIX Ta3oB TUMNOB; - 0.20. *cor - 0.0B. xc # 50.10 1 xH"* S0.10
npn 30 MAx M-3SHs S45 M/Ax mM~31n0.55Sd S0.80)

PucyHok 1— TMpefenbl pacliMpeHHo HEONPEeAENEHHOCTM NPY BblYMCAEHUN hakTopa CKUMAEMOCTU

4.4.2 PacwunpeHHble yCN0BUA NPUMEHEHUA MeToAa
Ycnosus NnpUMeHeHns MeTofa, pacluMpeHHble Mo OTHOLEHUIO K YKa3aHHbIM B 4.4.1. npuBefeHbl HUXe:

- abconTHOE gaBneHue 0 MPa 5p s 12 MMMa;

- Temneparypa 263 K5 5338 K;

- MonsapmMas gonsa guokcuga yrnepoga 0s xco s 0.30;

- MOMIApHas 40715 Bogoposa s 0,10;

- BbICLLaA TensoTta cropaHusa 20 MOx *M"35 Hs 548 MAX M"3;
- OTHOCUTesIbHasA NIOTHOCTb 0.555d 5 0.90.

[ns ponycTuMbIX 3HaYeHWU A MONSPHBLIX A0/ei MPOYMX OCHOBHbIX KOMMOHEHTOB NPMPOAHOrO rasa ycra-
HaB/IMBAKOT UHTEPBaAsIbI:

-metaH 0.5S xcH 5 1,0;

- asor 05 xN s 0,50;

- 9TaH 05 xc2H s 0.20;

-nponadH 05 xc H 50.05.

MHTepBasibl 3HAYEHUIA MOJIAAPHBIX [0/1E€ NPOYMX BTOPOCTENEHHbIX KOMMOHEHTOB HE M3MEHSIT No OT-
HOLLEHWNO K NMpuBedeHHbIM B 4.4.1 AnA ras3a, NOArOTOBMIEHHOIO AJ/1 TPAHCMOPTUPOBAHUA MO MarncTpasibHbIM
[a3onposogam.

MeTog, He paspellaeTcs MPUMEHATb 3a NpefeniaMu 3TUX MHTEPBaJIOB; B KOMMbIOTEPHOW peanunsauun
MeToAa, ONMCcCaHHO B NpUIoXeHMn B. He gonyckaeTcs BbIX04 3@ YCTaHOB/IEHHbIE Npee bl MOSPHbIX JONEN.

4.5 OuOHKa HeonpeneneHHOCTH BblunCeHui

45.1 OueHka HeonpefeneHHOCTU ANA rasa, NOArOTOB/IEHHOIO K TPAHCNOPTUPOBAHMUIO NO
CTpa/ibHbIM ra3onpoBojam

OTHOCWTENbHAA pacluMpeHHas HeonpeaeneHHOCTb BbluMceHnii thaktopa cxumaemocTn UZ (ons Tem-
nepatypbl oT 263 K go 338 K) coctasnset + 0.1 % npu gasneHun BnaoTtb o 10 MMa u £ 0.2 % mexay 10 n

6
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12 MIMa ansa npupoaHbIx razos Tunos: XN2 S0.20, xco”S0,09. *cH65 0,10 n xH2 50.10 nMP30 MIx ' M~3s

SHs S45 MAx *M'31 0.55Sd S0.80 (cMm. pucyHok 1).

[ns ra3oB c monsApHoii gonoi C02, npesbiwatowein 0.09. HeonpegeneHHocTb coctasnseT + 0.1 % npu
JaBneHuu BnaoTb A0 6 MMa n npu Temnepartype oT 263 K go 338 K. OueHka HeonpeaesieHHOCTU BbINOJIHEHA
Ha OCHOBaHWW CpaBHEHUS C pe3y/nbTaTaMu U3MepeHuii hakTopa CXnMaemocTu, npveegeHHbiMM B GERG —
6aHKOM faHHbIX (cM. 6ubnuorpaduio B FOCT P 8.662).

4.5.2 OueHKa HeonpeaeneHHOCTH AN PacCLIMPEHHbIX YC/IOBUIA NpUMeEHeHMNs

OueHka pacluMpeHHol HeonpeaeneHHOCTU pacyeTHbIX 3HaYeHN hakTopa CXMMaeMoCTy, BbIXoAsALlel
3a rnokasaresnin TOYHOCTW, NpuBefeHHble B 4.5.1. paccmoTpeHa B npuioxeHun E.

4.5.3 YueT HeonpeaeneHHocTeli BXOAHbIX NEPEMEHHbIX

B tabnuue 2 npusefeHbl TUMNUYHbIE OLLEHKWM HeonpeneneHHOCTN COOTBETCTBYIOLNX BXOAHbIX NepemMeH-
HbIX. 3TN OLeHKN MOTYT 6bITb NOTyHYEeHbl NPU ONTUMa/IbHbIX NPOU3BOACTBEHHBIX YCI0BUSIX.

Ta6nuua 2 — HeonpegeneHHOCTH BXOAHbIX NePEMEHHbIX

BxopgHasi nepemeHHas AGCOMIOTHas HeornpeAeneHHoCTb
A6CconoTHOE AaBneHne + 0.02 MlMa
Temnepatypa +0.15 K
MonspHas gonsa avokcuaa yrnepoga + 0.002
MonsipHas gonsa sogoposa + 0.005
OTHOCKTeNnbHas NNOTHOCTb +0.0013
Bbicliasn TennoTa cropaHus +0.06 MIx *m"3

OpHEHTUPOBOYHO, HA OCHOBE aHanusa pacnpegeneHns ownbok, AonyckaeTcs nonaratb, YTO ykasaH-
Hble HeonpegeneHHOCTN BO BXOAHbIX NEPEMEHHbIX MOryT NPMBECTW K LOMO/IHUTENbHON paclUMpPeHHON He-
onpefeneHHoCT! pacyeTHbIX pe3ynbTatos npnénunsutensHo + 0,1 % npu gasneHnn 6 MlMa npu TemnepaType
oT 263 go 338 K. Csblwe 6 MMa gononHuTenbHas HeonpeaeneHHoCcTb 60/blle U yBeNnyMBaeTcsa NpuMepHo
NpsAMO NPONOPLMOHasILHO AaBEHNIO.

45.4 Onyb6nukoBaHue pesynbTaToB

BblyncrieHHble 3HaYeHns hakTopa CKMMaeMoCTN HeO6XOoAMMO My6/IMKOBaTb C YeTbIpbMSA 3HaYaLnMu
uupamn B MaHTUCCE NPU YC/IOBUSAX, OTOBOPEHHbLIX B HACTOALLEM CTaHAapTe 451 PeKOMeHLyeMoro mMetoaa
(ypaBHeHue coctossiHus SGERG—88).

5 MporpammHoe o6ecnevyeHne mertona

MporpammMHoe obecneyeHne MeToaa MOXeT 6bITb NPeAOCTaBIEHO Ha NPeABapUTEsIbHO 06YCNOBEHHbIX
Hauanax.
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Mpunoxexne A
(cnpaBoyHoe)

las. I'IO,D,I'OTOBI'IeHHbIVI ANna TpaHCNopTUpOBaHNA U pacnpeneneHna
no MmaructTpanbHbIM rasonposogam

A.1 MakcumanbHble npeaenbl ANsS MONSAPHbIX A0N€il KOMNOHEHTOB

PacueTHblli MmeTog SGERG—88 npepcTaBnsieT co6oii ynpoweHne metoga MGERG—88. ansi koToporo Tpe6yeT-
CAl NOJIHbIA KOMMOHEHTHbIN cocTaB (0T CH4 o C8H18 N2. C02 u. npu Hanuumn. H2 n CO), 4To6bI paccunTaTb pakTop
CKMMAeMOCTU WAW MAOTHOCTb. HacTosiwuii cTaHaapT onpegensieT COOTBETCTBYOLWME MakcUMasbHble npegenbl mMo-
NAPHbIX A,0N€ KOHKPETHbIX KOMMNOHEHTOB ANA MeToga SGERG—88 (cm. Tabnuuy A.1). Bo BTOpoii rpacde Tabnuuybl A.l
yKkasaHa yCcTaHOB/IeHHas 3KCnepuMeHTaNlbHO 061acTb NPUMEHEHNSA MO NpeAe/ibHOMY COAEPXAHMI0 KOMMNOHEHTA, B Tpe-
Tbell rpade npvBeAeHbl MakCMMasibHble MOMSIPHbIE [0 A1 NPUPOAHOrO rasa, NOAroTOB/IEHHOIO K TpaHcnopTupoBa-
HWIO MO MarucTpasibHbIM ra3onpoBofamM, a B YeTBepTOli rpade npeAcTaBfieHbl pacluMpeHHble AuanasoHbl NpYMeHe-
HUA. lnana3oH MOASIPHbIX A0M1ei KOMMOHEHTOB NPUPOAHOrO rasa C 3KCNepUMEeHTaIbHO onpeAesieHHbIMU 3Ha4YeHNAMMN
chakTopa CKMMaeMOCTU MeHblle, YeM 3TOT AnanasoH A8 NPUPOAHOro rasa, NoAroToB/EHHOTO K TPAHCMOPTUPOBAHNIO
no MaructpasbHbiM ra3onpoBoAamM, a Takke MeHblle, YeM AN pacllMpeHHbIXx o6nacTteil npuMeHeHus. Ans aaBneHui
A0 10 MMa npu 3HaYeHUsAX MONSAPHbIX f0Meli KOMNOHEHTOB B Npejenax cocTaBoB, yKa3aHHbIX BO BTOPOI rpade, aKc-
nepuMeHTasbHble 3HaYeHUs U3 6aHka AaHHbix GERG BOCNpoM3BOAATCS C pacliMpeHHol HeonpeneneHHocTblo 0.1 %
(c 95%-HOi BEPOATHOCTHIO).

Ta6nuua Al — O6nactu npumeHeHus metofga SGERG—88 (MakcumasnbHble npefenbl MOMAPHbLIX Aonei Komno-
HEHTOB)

O6nacTb NpUMeHeHus, MpejenbHoe 3HauYeHWe ANA NPUPOJHOTO rasa.
PacwupeHHas o6nactb
KomMnoHeHT npoBepeHHas KCMepUMeHTanbHo NOArOTOB/IEHHOTO ANA TPAHCNOPTUPOBAHUA
npumeHeHunsa (cm. 4.4.2)
(cM. pucyHok 1) no marucTpanbHbiM rasonposogam (cm. 4.4 1)
n2 020 0.20 050
co2 009 020 0.30
C*H6 0.10 0.10 020
CjHe 0035 0035 0.05
C4HIn 0.015 0015 0015
H2 010 0.10 010

B HacTosilem cTaHAapTe UCNO/b3YIT TEPMUH «MPUPOAHbIN ra3. NOArOTOBEHHbIN 415 TPaHCNOPTUPOBAHUA U pac-
npegeneHns no maructpasbHbiM rasonposogam» (cm. FTOCT P 8.662), uTo6bl onucaTb NPUPOAHbIE rasbl, Kak Nnpasuno,
pacnpegensiemble yepes razonpoBogbl (cM. Tabnuuy A.1, TpeTbs rpada).

[ns 3TUX NPUPOAHbIX Ta30B MaKCUMasbHbI Npeaen MOMSPHON AoNvM AMoKcuAa yrnepoga onpegesneH kak 0.20.
OpHako ans Takoro cogepxanus C02 3HayeHne pacliMpeHHoi HeonpegeneHHocTH, paBHoe 0.1 %. HabnAalT TONbKO
A0 faBneHuns 6 MMNa (cm. 4.5.1).

A.2 MNMpoBepKa Ha cOrnacoBaHHOCTb U cneu,mdavmaumn BXOAHbLIX NepeMeHHbIX

Ans vetoga SGERG—88 [kak o6a3aTenbHoe TpeboBaHne no npunoxeHuto B (pasgen B.5)] npoBoAsaT npoBepky Ha
COrNacoBaHHOCTb BXOAHbIX NEpeMeHHbIX d.xco XK 1 XH .

B HacTosweMm cTaHfapTe ¥ B pa3niuuHbiX Ny6aunkaumnsax o metoge SGERG—88 oTmeuaeTcsi, UTo OH NonyyeH ans
NPUPOAHBIX ra3oB C y4eTOM B3aMM0O3aBUCUMOCTEN No codepxaHnto 6onee TsxXenblX yr1eBofopoAoB, TUMNYHBIX AN Npu-
POfHbIX ras3oB. 3TO 03HA4YaeT B AeCTBUTENIbHOCTU, YTO OTHOLLUEHWE MOJISIPHBIX AoNelt nocnefoBaTe /bHbIX KOMNOHEHTOB
B a/IKaHOBOM FOMOJIOTMYECKOM pAfy, Kak npasuno. 3:1. 3To amnAmpuyeckoe npaBuio 6bI10 AOKa3aHO NyTeM cpaBHEHUA
€O 3Ha4YeHnsiMn 13 6aHka faHHbiX GERG.

Ha pucyHkax A.1 1 A.2. COOTBETCTBEHHO, NPUBEAEHBI 3HAUYEHNSI MOJISIPHbIX AONER *C H U XC  KakK (PyHKUUM MO-
NSIPHOW foNM 3TaHa crHe st NpUpOAHbIX ra3os, B3ATbIX U3 6aHKa AaHHbIX GERG. ToukM B BUAE OKPYXHOCTel COOTBET-
CTBYIOT NPUPOAHOMY Tasy, NOArOTOB/IEHHOMY /19 TPAHCNOPTUPOBAHUSA MO MarucTpasibHbIM ra3onposojaM, npeacTasieH-
Homy B Tabnuue A.1. ns 060ux HabOPOB MOMAPHBIX A0NEl 3TO faeT Anana3oH 3HauYeHuin, B npegenax KoToporo MeTos
SGERG—88 moxeT 6bITb Bcerga npvmeHeH 6e3onacHo. MyHKTUPHbIE MHUM Ha pucyHkax A.1 n A.2 nnncTpupytoT npa-
BW/10 OAHOV TPETU [/151 OTHOLLEHUIA MONSPHbIX f0Nel € 0.3 ANA Xoguu /X cofg M 0.1 ANAX_ /X oye. OrpaHnumsaiollne

NNHWUM ¢ 06enx CTOPOH MyHKTMpa nokasbiBaloT gnanas3oH *+ 0.01 gns monspHoi gonv nponaHa u + 0.003 Ana MOnIAPHONA
fonu GyTaHa-*- COOTBETCTBEHHO, B Npejesiax KOToporo akTuyeckn MoryT 6biTb HaliieHbl BCe 3HAYEHUs MOSIPHON f0Nn
13 6asbl gaHHbix GERG. MpeAcTaBneHne gaHHbIX C UCMO/b30BaHNEM abCOMIOTHbIX NpefenoB Aonycka npesnoyTuTenb-
Hee. YeM C UCMNO/b30BaHNEM OTHOCUTENbHBIX Npefenos gonycka.

8
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XC"N — MONspHas A0S nponaHa; XC — MOMspHas foNs 3TaHa; 1 — ras 03 —4605 (ra3 CeBepHOD MOPS — CM. TEKCT)

PucyHok A.1 — MonsipHasi o5t NponaHa Aas NPUPOAHbIX ra3oB Kak yHKLUS MOMSIPHOM A0/M TaHa

— MonApHas 4018 KOMNOHEHTOB GyTaHa». — MonsipHas fons ataHa. 1 — ra3 03— 4605 (Ta3 CeBepHOro Mopsi — CM TeKCT)

PucyHok A.2 — MonsipHasi fona 6yTaHa* Ans npupoAHbIX ra3oB Kak PyHKLMS MOMSIPHOW foNn aTaHa
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Tam. rge npupoAHbIiA ra3 BkAYaeT B ce65 MOMSPHbIE A0/ KOMMNOHEHTOB, KOTOpble He BXOAST B AManasoHbl, yka-
3aHHble Ha pucyHkax A.1 n A.2. pekomeHAyeTcs NPoBepUTb NpumMmeHumocTb Metoga SGERG—88 cpaBHeHvem ¢ gpyrvmu
yPaBHEHNAMU COCTOSHWUSA, NPY UCMOMIb30BAHUN KOTOPbIX, O4HAKO, ANS NONYyYEeHUs pesynbTaToB Hag/exallero kayecrsa
notpeobyloTcs AaHHble O NMOJIHOM KOMMNOHEHTHOM cocTaBe.

B kauyecTBe 0A4HOro U3 TakMx npumepoB (ra3 CeBepHOro Mops, YC/I0BHO onpegensemblii kak 03—4605. cogepxa-
wuii 0,0902 monsapHoii fonu ataHa. 0.0035 monapHoit fonn nponaHa 1 0.00016 MonsApHo foNn 6yTaHOB. — CM. 3alWTpu-
XOBaHHbI KBagpaT Ha pucyHkax A.1un A.2) 6b1710 MPUBEAEHO MHOTO CPaBHUTE/IbHbIX BbIYMC/IEHWNIA NO APYTMM YpaBHEHUSAM
cocTosiHus. B aToM cnyyae B MeToge SGERG—88 BbisiBNeHbl 0TkNOHeHUs Ao +0.5 % npu gaBneHun 10 MMa n Temnepa-
Type ot 275 o 280 K.

M3mepeHus, nposefeHHbIe B CUCTEME U3MEPEHNSA NIOTHOCTU rasa Ha Tex Xe camblX U30TepMax, NokasbliBaloT, YTo
3KCMepUMeHTa/IbHble 3HAYEHWA MIOTHOCTU COr/TacyloTCcs CO 3HAYEHVAMU NAOTHOCTU, BbIYUCIEHHBIMU METOL0M, Tpebyto-
MM 3HAHKA NOJTHOTO KOMMNOHEHTHOTO COCTaBa B npejesniax NosiHoi HeonpeaeneHHoctn 0,04 % pe3ynbTaToB U3MEPEHWA,
n noatomy metoa SGERG—88 npu3HaH HenoAxoAsAWMM B 3TOM YaCTHOM HeTUNWYHOM ciyyas. [onHas Heonpegenex-
HOCTb pe3sy/nbTaToB U3MEPEHMWA COCTOUT B PaBHOI CTENEHU U3 HeonpeAeIeHHOCTN pe3y/ibTaToB U3MepPeHNs NIOTHOCTW U
MOJIAPHbIX A0/Ie/l KOMMOHEHTOB UCCNef0BaHHOro obpasya NPMPOAHOro rasa.

Tam. rge metog SGERG—88 He flo/keH 6bITb UCNONb30BaH, PEKOMeHAyeTcA ucnonb3oBarb Mmetogq AGA8—DC92
(cm. TOCT P 8.662) nnu ypaBHeHue coctosiiuss GERG—2004. HO 3T BapuaHTbl NPYMEHNMbl TOJIbKO NPU U3BECTHOM
NOSIHOM KOMMOHEHTHOM COCTaBe MPUPOJHOro rasa.

10
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Mpunoxexne B
(o6a3aTenbHoe)

OnucaHne meTofa pacyeTa Ha OCHOBe ypaBHeHUs cocTosiHUA SGERG—88

B HacToAweM NpuaoXeHun npuBefeHbl ypaBHEHUS U YAC/IOBbIE 3HAYEHUS KOIPNLMEHTOB, KOTOPbIE NONHOCTbLIO
onpegensaoT SGERG — meTof pacuyeTa haktopa CKMMaemocTu.

B HacTosALEM NPUNOXEHUN NPUBEEHbI Takke UTepalynoHHble npoueaypsl, npuHaTele B GERG v npefctasBieHHble
B noanporpamme SGERG.FOR, HanucaHHo! Ha A3bike FORTRAN 77. Mo 3aToii nognporpaMme oCyLLeCTBAOT TeCToBoe
pelieHune: gpyrue BblYUCINTENbHbIE NpoLeAypbl MOTYT 6biTb NPUEMIEMbIMU NPU YCAOBUK, YTO OHU NPUBOAAT K TakuUM xe
YNCNOBbIM pesynbTatam. Pe3dynbTaTbl pacyeToB MO HACTOALLEMY MPUIOXKEHWIO AO/DKHBI COBNaAaTh C pedynbtaramu, npu-
BeAeHHbIMY B NpunoxeHnn C. no kpaiiHeii mepe [0 4eTBEPTOro 3Haka nocne 3ansAToii. Huxe nepeyncnexbl gpyrue sepcumn
nporpamMmHoli peanusauun meToga, KOTopble MOryT NPUBOANTL K MAEHTUYHBIM pesy/ibTatam:

a) Bepcusa B BASIC, onucaHHaa B GERG TM5. koTopasi MOXeT 6bITb UCNOMb30BaHA C Pa3/IMYHbIMU CTaHAAPTHLIMU
ycnosmamu. 3ta nporpaMma npegHasHauyeHa B OCHOBHOM A1 KOMMbIOTEPHbIX MPUMOXEHWA;

b) Bepcus B npunoxeHun C. onucaHHas B Hemeukux DVGW — aupekTtusax, pasgen G486;

c) Bepcua B Turbo Pascal.

Bce 3T nporpammbl 6b171M NPOBEPEHbI C Lie/1bio NOTYYNTb OfMHaKOBble pesy/bTaThl B Nnpegenax 10~5. Mporpammebl
1 YCOBUA UX NPUMEHEHUS paccMoTpeHbl B [1].

B.1 OcHOBHas CTpyKTypa pacyeTHOro metoga
CornacHo pasgeny 42 pacuyeT NPOBOAAT B TPU 3Tana, KOTopble CXeMaTU4eckn nokasaHbl Ha pucyHke B.1.

PucyHok B.1 — Bnok-cxema AN cTaHgapTHOro pacyeTHoro metoga GERG—88 (x, = MonspHas Aons KoMMnoHeHTa /)

PacueTbl BbINOMHAT B TPU 3Tana.

Otan 1

B kauecTBe BXO[HbIX NEPEMEHHbIX UCMOb3YIOT AaB/IeHNe, TeMnepaTypy, BbICLIYIO TENAO0TY CropaHns, OTHOCUTE b-
HY0 NIOTHOCTb M MOMISIPHbIE JONN ANOKCKUAA YriepoAa 1 Bogopoaa. Ecnv 3HadeHns nepBbix TpexX napameTpoB BblpaXeHsl
B NII06bLIX ApYyrnx eguHmuax, kpome [6ap]. ['C] v [MOx/m3]. To nx cnepyeT cHavana npeobpasoBaTtb B 3HAYEHNS B e4UHMLAX
[6ap]. ['C] u [MIxYM3] COOTBETCTBEHHO COrNacHo TpeboBaHmaM npunoxeHus D.

u
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BxofHble nepeMeHHble 3aTeM UCMONb3YIOT A8 pacyeTa cneayoLwnx NpoMexXyTOUHbIX JaHHbIX:
- MONSAPHOW fonu:
- YrNeBOOPOJHOrO ra3a XcH.
- asota xN ,
- MOHOKCUAa yrnepoga xco,
- MOJIAAPHOIA TENI0TbI CropaHnsa 3KBUBAJIEHTHOTO yrneesogopoga HeH;
- MOJIAPHOW Macchl 3KBUBaANEHTHOTO yrnesogopoAa McH;
- BTOpOro BupmansHoro koaguymnenta {Tn = 273,15 K) Bn:
- MOMIAPHOW NAOTHOCTM NMPU HOPMasIbHbIX YCNOBUAX PT M;
- MaccoBOii nnoTHocTy NPV HOPMaIbHbIX YCN0BUSAX PrT;*
- BbiCLIEl TennoTbl cropaHnsa rasa Hs.
B ypaBHeHusx (B.1)— (B.46) kaxgoe 0603HaveHve npegcrasniseT co60i husnyeckyto BeNNUMHY, fe/IeHHYI0 Ha Ta-
Kyl BEIMUYUHY (CM. npuioxeHue A), 4TO UX OTHOLLEHWe aBnseTcA 6e3pa3mepHoli BENUYNHOIA.
Oran 2
MpoMexyTouHble fJaHHble UCNOMb3YIOT AN pacyeTa BTOPOro U TpeTbero BUpnasbHbiX ko3 uLneHTOB NPUPOgHOro
rasa npu gaHHoi temnepatype B (. HcH, x,) n C (I'. Hewm, xj.
Oran 3
3HauyeHns BTOPOro U TpeTbero BUpPUasbHbIX KOIMULNEHTOB, onpefenseMbiXx Ha BTOPOM 3Tane, NOACTaBAsAT B
BMpManbHOe ypaBHeHne 1 Ans 3afaHHbiX aBfeHus 1 TemnepaTypbl paccynTbiBaloT DakTop CXUMaemocTtu Z.
Mcnonb3yembie CUMBOJIbLI Onpeaenexbl B 3.2.

B.2 PacueT NpOMeXyTOuYHbIX pe3ynbTaToB
MpoMeXyTouHble pe3ynbTaTbl 47151 BOCbMW BEUUYUH (XCH, XN Xqq, HCH. McH. Bn. pn) onpegensoT U3 ypas-

HeHuit (B.1)—(B.8) ¢ ucnonb3oBaHWEM UTEPALMOHHOIO TNeroAa, NpeAcTaB/eHHOro Ha pUCyHKe B.2 (3HaYeHUst KOHCTaHT,
MCMOMIb3yeMbIX B 3TUX YPaBHEHUSX, NPUBEAeHbI B Tabnuue B.1.)

Pn = dpn(ak); (B.1)

Xco =00964V &2

Vn(tf>=RVPn: (B.3)

(B.4)

MCH[u) =-2.709 328 + 0.021 062 199HCH(U - 1); (B.5)

(B.6)

*NiM = 1-XcH U - XCO, -X H2 - X CO’ B7

Pn(“>=[xcH {n)Mcu (u)+ (o) lpTn (v)+ (xCOj MCOj + x,,M H2 + xcoWco)pmft(v). (B.8)

12
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PucyHok B.2 — Biiok-cxema BblUMC/IEHUSI MPOMEXYTOUHbIX AaHHbIX C MOMOLLbI0 UTepauuii

Ta6nunua B.1 — 3HayeHWs KOHCTAHT, UCMOJIb3YeMbIX B ypaBHeHusAx (B.1)—(B.8) (npuse-
[EHHbIX B COOTBETCTBME C MO/ISIPHOI Maccoii 1 MonsApHoW TennoToii cropaHus BFOCT 31369)

"co
Muyp

Mn
M
Mco
R

Ynn<*>
Pn(a‘o

=285.83
=282.98
=28.0135
=44.010
=2.0159
=28.010
=0.083 1451
=22.414 097
=1.292 923

MX ¢kmonb-1

Mx ¢kmonb’l

Kr * KMO/b-1

Kr * KMOIb™

Kr * KkMOnb'1

Kr * KMOsb-1

M3 6ap *kMosb-1 « K"l
M3 - KMOSb-1

Krem_3

13
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B.2.1 WUTepauusi c MONApHOW TennoToli cropaHus HcH (BHYTPeHHUI Lukn)
YpaBHeHus (B.1)—(B.8) npumeHAT nocnefoBaTeibHO Tak. YTOGbI NOYYNTb NepBoe NPUGAMKEHNE Ha *-HOM Liare
utepauymu.
HayvanbHble NpubAMKeHUs:
Hc,{n =0) = 1000 M mKkmonb"1;

Bn(v=0) =-0.065 m3 kmonb*'1L

3HauveHna APYrMx KOHCTaHT, UCMOMb3yeMbIX B ypaBHeHUsx (B.1)—(B.8). npuBegeHbl B Tabnuue B.1. Kputepuii cxo-
AWMOCTU A5 3TOTO BHYTPEHHEr0 UTEPALMOHHOTO LKA Takol, 4To a6CoNoTHAA pasHuLa Mexay pacyeTHoW NAOTHOCTbIO
rasa npu HopMasbHbIX YCI0BUAX Pri(y) N MPUHATON NIOTHOCTbIO (MM60 M3MEpPEeHHON HenocpeAcTBEHHO, NM6G0 onpefeneH-
HOW 13 OTHOCUTENLHOW NIOTHOCTM) ra3a Npy HopMasbHbIX YCNOBUAX ps MeHee Yem 10 e, T. e.

|p,-f>n<u)l<10-e. (B.9)

Ecnn 370 ycnoBre He BbINOSIHEHO, TO YTOYHEHHOE 3HaYeHVe MOMAPHON TennoTbl cropaHnsa Hem (1) Ana ncnonb3o-
BaHuUs B ypaBHeHusax (B.5)—(B.8) paccunTbiBaloT ¢ nomoLybio ypaBHeHus (B.10) cneaytowum obpasom:

«CU<“>= " 1) + DHCM(). (B.10)

roe
D H7u) = [pn- pn(u)] Ip(D) - Pn(t#))-1; (B.11)

pn(n) — 3HauyeHve NJOTHOCTM ANA TeKyLlero wara ntepauun [HauymHasa ¢ HeH(m -1)].
p(D) — 3HayYeHUe NIOTHOCTHU, ONpPeAENSIEMOE C NOMOLL b0 ypaBHeHwuii (B.4>—(B.8) c ucnons3zosanvem [Heu(m - 1)+1J
B KauecTBe UCXOHOro 3Ha4YeHWs 418 MONSPHONA TennoTbl cropaHus.
Korga nesas yacTb ypaBHeHus (B.9) ctaHOBUTCS MeHee 10 b. MTepaLMOHHBINA LKA 3aBepLualoT 1 HaunHalT ntepa-
Ly CO BTOPbLIM BUPUa/bHbIM KO3(NLNMEHTOM.
B.2.2 WTepayuuu ¢c ncnonb3oBaHneM BTOPOT0 BMPMaASbHOTO KoaduunentTa Bn (BHEWHWIA Lukn)
[MpomMexyToUHble 3HayeHus XcH (t/).xN (u),xcoun HcH(0). nonyyeHHble Ha nNpeablAayLnx utepaunax, U BXoaHble

nepemMeHHble XCO W XH UCNONb3YyT ANA onpefesieHna YyTOYHEeHHOro sHa4eHnAa BTOPOro BuMpuasibHoro KOS(b(*)MuMeHTa

Sn(v) 4115 rasa npu HOPMasibHbIX YC/IOBUSAX.
BTOpOIi BUpMUasbHbI KO3 MULMEHT A5 NPUPOSHOTO rasa onpesensioT No cneayouieii gpopmyne

B(l) =x2Bn +2x,x2B12 +2x,x3B13 + 2x,x4814 + 2x,x5B15 +x2S;,2 +2x2x3B23 + 2 x2x4Bj4 + x|B ,3 +x|B 44 +x3B55. (B.12)

OTcyTcTBUE B ypaBHeHumn (B.12) uneHos, cogepxanx B2> B34 v T. fi.. He CHMXaAeT TOYHOCTb pacyeTta, No3TOMY OHU
VCK/IIOYEHBI U3 YpaBHEHUA.

Bn(v) = B(7n). (B.13)
roe

r= 7M=273,15: (B.14)
X .= xcn(n): (B.15)
X2 = XM, (B-16)
X3 = XCOT: (B.17)
X4 = *H,; (B.18)
x5 = xco: (B.19)
+ &H ,«CH (w)+ bH2WCH<w) (8.20)

rae koadpuuneHTsl b/tu, bHn n — MOMIMHOMBbI BTOPOiA CTEMNeHW Mo OTHOLLIEeHWI0 K TeMnepatype.

S,, = 6K, (0)* bHO (1)[ + BHO (2)T* + [bx (0)+ 6HL(1)7 + bHL(2)7*]H *N(n)+

+[6%2 (+) + buz (O +onz (2)72IM[HL )e (B.21)
14
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a BTOpble BUpuanbHble koadduumnenTsl 8.4.8,5 B~, BN, B24. B33, B34, B44 1 B55 — Takke No/IMHOMbI BTOPOIi cTeneHn
no OTHOLLEHUIO K TemnepaType

By=b"0)+691)[+by{2)I2 (B.22)
MepekpecTHble BUpnanbHble koaduuneHTsl B12 n B13 umetoT Bua:
B12={0.72 + 1.875 «10-3(320 - 7" (8,, + Bn Y2\ (B.23)
B13=-0.865(8,,633)". (B-24)
KoatbhumumeHTsl B ypasHeHusx (B.21)—(B.24) npusegeHsl B Tabnuuye B.2.
Ta6nunuya B.2 — Yucnosble 3HayeHnsa koadpduumeHTos b (0). b (1) b (2) B TemnepaTypHOM pa3fioXeHnn BTOPOro

BUPUaNbHOro KoadppuuymeHtTa AN YNCTbIX ra30B U NEPEKPEeCTHbIX BUPUAbHbIX KO3(hULMEeHTOB (eauHMLA BENNYU-
Hbl 8 — M3 * kMONb"1, ecnn TemnepaTypy U3MepsIoT B Ke/lbBUHAX)

KomroHeHT H 6(0) (1) 6(2)
CH HO -4 24468.10'1 286500 «I'3 -4 62073 10®
CH H\ 8771 18.104 -55628L.10° 8815 10- 10'3
CH HI -8 247 47 - 10" 4314 36- KO'a -6 083 19. 101!
n2 2 -144600. 10* 7409 10- KI'4 -9 11950. 10~
co2 3 -868340. 10" 403760 103 -5 16670.10e
H2 44 -1 10696- 104 81338 10a -987220. 10%
KO % -130820. 10" 602540 104 -6 44300- 10
ch +n2 12 y=0.72+ 1875 . 10*(320—n
CH + CO2 13 y =-0.865
CH +H2 %) -521280. 102 271570 104 -250000- 10-7
CH +cCo 15 -6 87290 102 -239381-UH 51819% 107
n2+C02 23 -33%93.101 161176 10-3 -204429. 10+
n2+h2 24 120000 KIr2 0.00000 0.00000

3HayeHne Bn(v). nonyyeHHoe u3 ypaBHeHus (B.13). NpUMEHSIOT ANA pacyeTa v-ro NpuGAMmKeHns pT nc 1UCcnosb3o-
BaHWeM ypaBHeHus (B.4).

YpaBHeHve (B.6) 3aTeM UCMONb3YIOT C APYroii Lesblo, B OTAMYME OT TOR. A5 KOTOPOI OHO 6bII0 MCNOb30BAHO
paHee, T. e. C Le/blo NOMYy4YNTb 3HauYeHns Hs(v)

HS(V) = [x*mpT3g40#- 1) + *4H4 + x5Hs] Pm.ntv>' (8-25)

rae H4 1=HH#| n Hb(= Hco) — monapHasa TennoTa cropanusa npu temnepartype 298.15 K ana sogopoga v MoHokcuga
yrnepoga cooTBeTCTBEHHO. KpuTepuii cXoAnMMOCTN 4151 BHELUHEro UTepPaLMOHHOTO LUK-
na (cyeTumk NTepauuii v) o3HayaeT TO, 4TO abCOMOTHAA Pa3HOCTb MeXAY U3MEPEHHbIM
3HaueHue»/ BbiCLIEh TENNOTbI cropaHns Hs 1 ee pacyeTHbIM 3HavyeHreM Hs(v) Ao/mKHa
6bITb MeHee 10"4.T. e.

\HS-H S(V\<W 7. (B.26)

Ecnu 3aToT kpuTepwuii 6yaeT yL0BNeTBOPEH, TO 3HaYeHne Bn(v). onpeseneHHoe 13 ypaBHeHus (B.13). ncnonb3yoT B
KayecTBe HOBOrO BXOJHOMO 3HaYeHWsa Ansa ypaBHeHus (B.4), n NOMHYO nTepauuoHHy0 npoueaypy, T. €. BHYTPEHHUI ute-
paTuBHbIV LMKN (CHETUYMUK UTepaLuii 1), NOBTOPSIIOT, HAUMHAA C ypaBHeHUs (B.5). MCNonb3ys Npu 3TOM Tekylime 3HauYeHus
Hecu<u- DnpT,(y).

Korpa 6yayT yA0BNeTBOPEHbl O4HOBPEMEHHO KpuTepun cxoanmocTtu (B.9) un (B.26). nonyyatoT KOHEYHbIE NPOMEXY-
TOYHbIe 3HAYEHUS A1 MOIAPHBIX KOHLEHTpaunii XcH n XN 1 MONApHOI TennoTbl cropaHns HeH.

B.3 PacueT BupuanbHbliXx KO3t puyneHTos

BTopble 1 TpeTbu BUpmanbHbie koadduuneHTsl 8 (7) n C () NnpupoaHOro rasa tenepb onpeaesieHbl U3 MONSPHbIX
poneii xco u x, (BXOAHble NEPEMEHHbIE) U XCH. Xbl U XCO (MPOMEXYTOUHbIE flaHHbIE) N MOMIAPHOI TENNOTLI CropaHusi
HcH (cm. pucyHkn B.1 n B.3)

B.3.1 Pacuert 8(7)

BTopoli BupuancHbliii KoadphuumeHT 6(7) paccuntbiBaloT 13 ypaBHeHNs (B.12) c nomoLlblo npoueaypbl, ONUcaHHoM
B B.2.2 gns Temnepatypbl

7 =7+273,15. (B-27)
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PucyHok B.3 — Bnok-cxeMa BbluMCeHns hakTopa cxmumaemocTy
B.3.2 Pacuet C(7)
TpeTuii BUpnanbHblii ko3 duuymneHT C npupogHoro rasa npu Temnepatype T onpeAensioT U3 cnegyouiero
ypaBHeHus

C(IN) =xfC,,, +3%,2x2CJ12 +3x2x3Cl113 +3x2x4C114 +3x2x5C115 +3x,x2CJ22 +6xtx2x3C123 +3x,x|C,33 +

+X1C222 + 3X2X3C223 + 3X2X3C223 + X3C333 + X4C444° (B.28)
OTcyTcTBME B ypaBHeHun (B.28) psfa UeHOB He CHMXAET TOYHOCTU pacyeTta, No3TOMY OHU UCK/IOYEHb! U3 ypaB-
Kpome Toro, B ypaBHeHuu (B.28)
111 = CHO +CHICH ~ CH2Ch- (B-29)
rae cw , cT U cH, — noAnHOMbI BTOPO CTeneHu No OTHOLEHWIO K TemnepaType, T. e.
=<W 0>+ cKO(I>r+W 2)r2+[cx (0)*'H,<)7+",(2)F 2jHCOH+ [ch2 (0) + cH2(1)T *cH2(2)T2Jh|h. (E3.30)
npu atom Cj22- C333. Crvin. C115. C223 n C233 MoryT 6bITb NpeacTaB/ieHbl B BUAe
+ )T+cA(2)1*. (B.31)

3HauyeHns koahduumneHTos B ypasHeHuax (B.30) u (B.31) npusegeHbl B Tabnuue B.3.
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Ta6nunuya B.3 — Yucnosble 3HaveHus koauumeHros ¢ (0). ¢ (1) n ¢ (2) B TeMnepaTypHOM Pas/iOeHUN TPETbEro BU-
pranbHoro KoadhuuymeHTa 418 YNCTbIX ra30B U NEPEKPECTHbIX BUPMabHbIX KO3 MULNEHTOB (e4UHNLA BENNYNHBI C —
Me «MOfb-2, eCn TeMnepaTypa 3ajaHa B Ke/ibBUHaX)

KomsioHew! b* c(0) c<l) c,2)
CH HO -3 024 88 «10-1 1958 61 «10-3 -3 16302 «10-*
CH H1 6464 22 10"4 -4 228 76 « 10-8B 6881 57 - 10-9
CH HO -3 024 88 - 10"1 195861 «10-3 -3 16302 «10-*
CH H1 6464 22 - 10”74 -4 228 76 « 10-* 6881 57 - 10-9
CH H2 -3 32805 +10-7 2 231 60 « 109 -3 677 13- 10-12
N2 222 7849 80- 10"3 -3 989 50 +10-5 611870+10 e
Cco* 333 2051 30 10-3 348880 « 10“5 -8 37030 + 10-9
H* 444 1047 11 - 10-3 -364887-10"* 4670 95 10-9
CH + CH + N* 112 /=0.92 +0.001 3(7 - 270)
CH+CH+co* 113 y =0.92
CH+ CH +H* 114 y =120
CH+CH+co 115 736748 10-3 -2 765 78 m10-5 343051 «10-9
CH + N* + N* 122 /=0.92 +0.001 3(7 - 270)
CH + N* + CO* 123 y —1.10
CH + CO* + CO* 133 y =0.92
N, + N, + CO-, 223 552066 10-3 -1 686 09 « 10-* 1571 69 10-*
N* + CO* + CO* 233 358783 10"3 8 066 74 « 10"* -3 25798 «10™

[Opyrve nepekpecTHble BUpManbHbie KO3 (ULUEHTbI BEIYUCISIOT C NOMOLLbLIO YpaBHeHUs

(B-32)
rae y nonpeaensiiot B Buge:
YT =Yw =0.92+0.0013 (T -270); (B.33)
Y T = Yr33=0.92; (B.34)
/1,4 =1.20; (B.35)
/123=1-10. (B.36)

YpaBHeHue (B.32) nokasbiBaeT, 4To TeMNepaTypHas 3aBUCUMOCTb NEPEKPECTHbIX BUPUANbHbIX KOIDMULMEHTOB, NO
CYLLECTBY, ONpeAe/sieTcsl TeMNepaTypHOi 3aBUCUMOCTbIO TPETLUX BUPUASTbHBIX KOS (NLMEHTOB A4/151 YNCTbIX KOMIOHEHTOB.
B.4 PacyeT hakTopa CXXMMAeMOCTU U MOMISIPHOM MAOTHOCTK

CaMmblii nocneAHnii atan B BblYNCIEHUN PakTopa CXVMaeMoCTU 1 MONSIPHOI NIOTHOCTW 3ak/yaeTca B COBMeCT-
HOM peLueHun ypaBHeHuid (1) u (2) 4na 4aHHOTO 3HAYeHUs flaBNeHns p. B kauecTBe NepBoro NpuGAnKeHUs B Utepauusx,
ncnonb3ys IV. npeAcTaBnAoT pT B BUAe

pl,lw=0)=R7/p*B. (8.37)

rae BTOpPOW BMpuasnbHbIi KoadhduuneHT B onpegenstoT no ypaBHeHuto (B.12) ana temnepartypsbl [ (cMm. pucyHok B.3). Pac-
yeTHOe 3HayeHne pm(w) Toraa onpefensiT no popmyne

pil =(AT IP)[1- BpT(»V-1)-Cp2 (IV- 1)J. (B.38)

rae TpeTuili cMeceBOl BUPUasbHbIA koadduumneHT C AnA gaHHOW TemnepaTtypbl 7 onpefensioT M3 ypaBHeHus (B.28).
Kputepuii cxogumocTun gns ntepauuii ¢ UCnosb3oBaHneMm tv COCTOMT B TOM. YTO abCOMOTHAA Pa3HOCTb MEXAY pacyeTHbIM
AasrieHneM p (tv), nonyveHHbIM 13 ypaBHeHus (B.39). n 3agaHHbIM gaBneHnem p Ao/HkHa 6bITb MeHee yem 10~s [cM. ypaB-
HeHwue (B.40)].

P(") =«FpT (W)[I+BpmU +Cp2 (ur)]; (B.39)
|p-p(w)|< 10-8. (B.40)

Ecnun 310 ycrnoBue He BbIMO/IHEHO, TO TeKyllee 3HayeHue MOJAPHON MIOTHOCTM pm(tv) MCMOMb3YIOT B KayecTBe
HOBOro 3HaueHunsi pm(w - 1) B ypaBHeHumn (B.38) 1 paccunTbiBatoT cnegyroliee 3HaueHne MosipHO NAOTHOCTH pm(w).
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OpHako ecnu ne.as YacTb ypaBHeHus (B.40) ctaHOBUTCA MeHble, Yem 10~5. utepauun 3akaHuvMsatT 1 pT (U-) cuun-
TaloT KOHEYHbIM 3HaYeHNeM MOJIAPHON MNIOTHOCTU PT . PAKTOP CKMMAeMOCTV Torga BblUUCAAIOT MO ypaBHEHNIO

z =i+Bpm+c£. (B.41)
MpumevyaHne — MaccoBas NJOTHOCTb MOXET ObiTb BblYMCIEHA CNefyOLWNM 06pa3om
P = (*Pn(air)pZJnl(pnzT)]. (B.42)

Mepefn Tem kak Ucnosib3oBaTb Z 1 Zn B pacyeTax NA0THOCTM, UX 3HAYEHUSI OKPYT/IAIOT [0 YeTbipex 3Havawmux uudp
nocne 3anaToi.
Pe3ynbTatbl BblUMCAEHNS NIOTHOCTM NPEACTABAAT C TPEMSA 3HAYaLWMUMK L pamm.

B.5 MNpoBepkn Ha cornacoBaHHOCTb NMPU Kncnonb3oBaHnn metogqa SGERG—88
Mpu BblunCcNeHNAX MeToAoM SGERG fo/DkHbI 6bITb NPUMEHEHBI CrefyloLine TecTbl, KOTOpble 0obecrneunBarT Ya-

CTUYHblE NMPOBEPKN HA COrNACcOBAHHOCTb UCXOHbIX AaHHbIX:
a) UCXOAHble flaHHble J0/IKHbI Y0BIETBOPSATH C/ieAytoLWweMy YC/0BUIO

d> 0.55+0.97x.n -0.45xH ; (B.43)
2

b) NPOMEXYTOUHbIe pacyeTHble 3HAYEHWs MOMSIPHbLIX KOHLEHTpauuii asoTa [OMKHbI YAOBMETBOPATL CleAyoWwnm
YCNIOBUSIM:

-0.01 £0.5; (B.44)

"
\ +xco: (B.45)
C) KpPOMe TOro, BHYTPEHHSA COrNacoBaHHOCTb UCXOAHbIX AAaHHbIX AN TPETbEro UTEPATUBHOIO LMKNa JO/IKHA Y/A0B-

NIETBOPATL YC/IOBUIO
d > 0.55+0,4xN* +0.97xC0j -0.45xH".
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Mpunoxexne C
(o6a3aTenbHoe)

KOHTpONbHbIE NMPUMEPHLI pacyeToB
B KauyecTBe KOHTPO/bHbLIX MPYMEPOB A1 NPOBEPKM KOMMbIOTEPHO peanu3auun metoga SGERG—S88 Heobxogumo
MCMNo/b30BaTh cneayoume pedynbraTbl, He NPpUBEAEHHbIE B MPUNOXEHNN B. BblUCNEHNS BbINOIHEHbI C UCMONb30BaHNEM
yTBEpPXAeHHO nporpammbl GERG— 88.EXE, koTopas Bk/tovaeT B ceba nognporpammy SGERG.FOR. onucaHHyto B Npu-

noxeHumn B.

Ta6nunuya C.1— VcxoAHble AaHHble

BxogHas nepemeHHas las 1 las 2 las 3 las 4 fass [a36
»C02 0.006 0.005 0.015 0.016 0.076 0.011

0.000 0.000 0.000 0.095 0.000 0.000

H 0.581 0.609 0.650 0.599 0.686 0.644
KAM X ¢ n*3) 40.66 40.62 43.53 34.16 36.64 36.58

Tab6nunuya C.2 — Pesynbratbl (3Ha4YeHuUs Z)

Ycnosusi
faz 1 a3z 2 fasz 3 faz 4 az 5 [a3s
p. 6ap 1c
60 -3.15 0.840 84 0.833 97 0.794 15 0.885 69 0.826 64 0.854 06
60 6.85 0,862 02 0.856 15 0.822 10 0.901 50 0.850 17 0.873 88
60 16.85 0.880 07 0.875 00 0.845 53 0.915 07 0.870 03 0.890 71
60 36.85 0.908 81 0.904 91 0.882 23 0.936 84 0.901 24 0.917 36
60 56.85 0.929 96 0.926 90 0.908 93 0.953 02 0.923 94 0.936 90
120 -3,15 0.721 46 0,711 40 0.643 22 0.808 43 0.695 57 0.749 39
120 6.85 0.759 69 0.750 79 0.690 62 0.836 13 0.738 28 0.784 73
120 16.85 0.792 57 0.784 72 0.731 96 0.859 99 0.774 63 0.814 90
120 36.85 0.844 92 0.838 77 0.797 78 0.898 27 0.831 66 0.862 66
120 56.85 0.883 22 0.878 32 0.845 54 0.926 62 0.872 69 0.897 49

MpepfctaBneHHble rasbl 1—6 — Te Xe camble WecTb ras3os, KOTopblie 6bin paccmoTpeHsl B TOCT P 8.662 (npu-
noxexue C), rae npuBefeHsl NOJHbIE MOSIAPHLIE KOMMOHEHTHbIE COCTaBbI.
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MpunoxexHne O
(o6sA3aTenbHoe)

KoaduymeHTbl npeobpaszoBaHus

D.1 CTaHfapTHble yCnoBus

CTaHfapTHble YyCoBuSA, AN KOTOPbIX pa3paboTaHo cTaHjapTHoe BupuanbHoe ypaBHeHne GERG—S88 u koTopble
ncnonb3yloT B nognporpamme SGERG.FOR. cnepytouue:
- YCNOBUA M3MEpPeHUss TennoTbl cropannsa  7L=298.15 K (I, = 25 "C);
P= 101 325 kMNa:
- YCNOBUSA N3MEPEHUS KoNnYecTBa rasa M2 =273.15K (2= 0'C);
P= 101 325 k/la.
MocneaHnii nepeyeHb yCnoBuii npeacTaBnseT coboii cTaHAapTHbIE YCN0BUA AN OTHOCUTE/IbHON NAOTHOCTU.
Heobxoanmo obecneunTb KOPPEKTHOE UCMOJIb30BaHMe CTaHAapPTHbIX BXOAHbIX 3HAYEHWUI ANS TennoTbl CropaHus
N OTHOCWTENbHOM NAOTHOCTU. Psg cTpaH, Kak NpaBuno, UCNonb3yioT BbllLeNpUBefeHHbIe YCI0BUSA, HO WHble CTpaHbl WC-
nosib3yoT afibTEPHATUBHbIE YCNI0BUSA. DTO MOXET /IErKO NPMBOAMTL K Pa3HOYTEHMSAM, 0CO6EHHO A0 TeX Nop. Noka B Kaye-
CTBE eAVHNLbl U3MEePeHUa TeNnI0Tbl CTOPaHUSi B KaXO0M c/lydae MOXeT 6biTb ucnosb3osaH MIx mm-3. B Tabnuue D.1
npvBefeHbl CTaH4apTHbIE YC/I0BUSA, NPUHATbIE B CTPAHaxX, OTHOCALMXCA K OCHOBHbBIM B 06/1aCTV TOProB/1n ra3om.
[ina Tex cTpaH, KOTOpPble UCMO/b3YIOT HeMeTpUYeckne eauHULLLI ANna TennoTbl cropaHus (T. e. bet «dyT "1), Heobxo-
AVMO BBOAUTH Mpeobpa3oBaHnsa Kak eAnHNL, BE/IMYNH, Tak N CTaHAaPTHBIX YCTOBUA.
VMicnonb3dyemble kO3ahPuLMeHTbl Npeobpa3oBaHnsa B3ATbl U3 6aHKa AaHHbIX GERG.

Ta6nuua D.1 — MpuHATbIE B CTpaHax MeTpUUYEeCKUe CTaHAAPTHbIE YCMOBUS AN U3MEPEHUs TenoThl CropaHus

Crpana t, FC) 2rc)
ABcTpanua 15 15
ABcTpus 25 0
Benbrus 25 0
KaHaga 15 15
[LaHus 25 0
PpaHumns 0 0
FepmaHus 25 0
WpnaHansa 15 15
Ntanus 25 0
AnoHus 0 0
HupepnaHabl 25 0
Poccuiickan ®egepauyms 25 0 wvnmn 20
CoeanHeHHoe KoponeBcTBO 15 15
CoeanHeHHble LTaTthl AMepukn 15 15

MpumevaHnsa

1 Bo Bcex cTpaHax ctaHgapTHoe gaBneHme — 101 325 kMa (= 101 325 6ap).
2 < — cTaHgapTHas TemnepaTypa cropaHus.

32— cTaHgapTHas TemnepaTypa U3MepeHuii.

0.2 EgUHMLbI M KO3 hULMeHTbl Npeo6pa3oBaHns AN AaBNeHUs 1 TeMnepaTypbl

Ecnu BxogHble nepemeHHble p 1 t 3afaHbl He B yCTaHOB/IEHHbIX egnHnuax (6ap n 'C), To Heo6Xxo4MMO BbIMONHNUTL
npeobpa3soBaHns, 4Tobbl ncnonb3osatb POPTPAH-nporpammy. Habop cooTBETCTBYHOLWMX KO3 PULNEHTOB Nnpeobpaso-
BaHuUs npusefeH B Tabnuue D.2.

Ta6nuuya D.2— KoachduuymeHTol npeobpasoBaHna A5 AaBfeHUa 1 Temnepartypbl

fasneHune

p(6ap) = [p(k/1a)]/100
p(6ap) = (p(MMNa)] - 10
p(6ap) = (pVarm)] + 1,013 25

p (6ap) = [p(dyHT/KB. Atoiim (abc.))1/14.503 8

p (6ap) = [p(cdhyHT/kB. gloiim (136.)) + 14.6959J/14.503 8
Temnepatypa

M'C)= T (K)-273.15

t (*C) = [ff'F) - 32J/1.8

t ("C) = [fCR)}/1,8 - 273,15
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0.3 EAVMHMLbI BENVYNH U KO3 PULUEHTLI NPeoBpa3oBaHna Mexay CpaBoYHbIMU YCI0BUSMN
ONA TENNOTbl CrOpaHnsa U NIOTHOCTN

MockonbKy Kak BbiCLLas TennoTa cropaHus, Tak U OTHOCUTENbHasA NIOTHOCTb — COYHKL MK cocTaBa rasoBoii cmecy,
a Tennodusnyeckme CBoiicTBa OTAE/IbHbIX KOMMOHEHTOB ra3a, B CBOK o4Yepe/b, 3aBUCAT OT TeMnepaTypbl 1 AaBNeHus, B
npuUHLMNEe HeBO3MOXHO (6€3 3HaHUs cocTasBa) NpeobpaszoBaTb 3HAUYEHWSA TENNO0Tbl CropaHnNsa U OTHOCUTE/bHOV NAOTHOCTH,
13BECTHbIE MPK OAHOM NepeyHe cTaHfapTHbIX YCN0BMWIA, B TOYHO COOTBETCTBYHOLLME 3HAUYEHNS A1 NH060ro Apyroro nepey-
HAl cTaHAapTHbIX YC0BWIA.

OpfHako 13-3a TOro, YTo COOTBETCTBYIOLME CTaHAAPTHbIE YC/I0BUS BCerga TepMoguHaMmnyeckn 6,11M3kn Apyr K apy-
ry. @ NpUpoHble rasbl paAnkanbHO He U3MEHSIIOTCA MO COCTaBy, CyLIeCTBYeT BO3MOXHOCTb Npu nepecuyete n3nyeckmnx
CBOWCTB MpakTuyeckn 3afaTb Takne KoapuuneHTbl NpeobpasoBaHns, KOTOpPble MOTYT ObiTb NPYMEHEHbI K 1l060MY TU-
NMYHOMY NPUPOAHOMY rasy 6e3 CHUXEHNSA TOUYHOCTU.

D.3.1 KoadhpuuyneHTbl npeobpaszoBaHna 4N e 4UHUL, BENNYNH

Ecnu BxogHas nepeMeHHast Hb 3afjaHa He B yCTaHOB/IEHHbIX eguHuLax MAx - M~3, To He06X0ANMO BbINOSHATL Npe-
obpasoBaHne. CoOTBETCTBYIOLWME KOIPPULMEHTbI Npeobpas3oBaHns 419 TENN0Tbl CTOPaHNa B YCTAHOB/IEHHOM NepeyHe
CTaHAapTHbIX ycnoBuit (cm. D.1) npuBeneHsl B Tabnuue D.3.

Ta6nunya D.3 — KoadhduuymeHTbl npeobpasoBaHna A5 TennoTbl CropaHns

Hs(MIx Mm"3) =[H3(kBT-4 Mm*3)]3.6
Hs (MO ¢ m-3) = (Hs(BeT * ¢pyT-3)]/26.839 2

0.3.2 MNpeo6pa3oBaHne MeXAY pas3/IMiHbIMU CTAHAAPTHBIMU YCNOBUAMMN

Ecnun BxoAHble nepeMeHHble H& n d 3agaHbl He MpU yCTAHOB/IEHHbIX CTaHAAPTHBIX ycnoBmax (cm. D.1). To Heob-
XO0A4MMO BbINOMHUTL Npeobpa3oBaHue. B Tabnuue D.4 npuBegeHbl KO3 duuneHTsl npeobpasoBaHns, COOTBETCTBYOLME
cTaHgapTHbIM ycnosuam B Tabnuue D.1.

Ta6nuua D.4 — KoachdmumeHTbl NpeobpasoBaHus ANs TeNna0Tbl CrOPaHUs 1 OTHOCUTENTbHOW MIOTHOCTH

TennoTa cropaHns Hs npu cTaHgapTHbix ycnosuax (, =25 "C. £=0"C. pr = 1. 01325 6ap:
WS=*s('i =0"C. (r=0-C.p2=1.01325 6ap) - 0.9974

Hb ~HBY1=15"c-k = 15"C.p2 = 1.01325 6ap) * 1.0543

H$ ="s('i =60 "F.k - 60 "F-P2 ~ 1-01592 6ap) * 1.0535

Hb = =60 "'Fk =60 "'FPr~ 1-01560 6ap) * 1.0539

OTHOCcUTeNbHasA NAOTHOCTL d Npu cTaHfapTHbIX yecnosusax 2 =0 *C. p2 = 1.01325 6ap:

d =d[t2= 15 "C. p2 = 1,01325 6ap) * 1.0002

d= d(4 =60 "F.p2 = 1.01592 6ap nnm 1,01560 6ap) * 1.0002

MpumevyaHune — p = 1.01560 6ap = 14.73 cyHT/(kB. Atolim (ab6c.)) (eAUHULbI AaBNEHUs, Npu-
HATble B CLUA).
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Mpunoxexne E
(cnpaBoyHoe)

Bo3MOXHOCTK pacnpocTpaHeHnsa MetTofa Ha pacliMpeHHble Anana3oHbl NPUMEHeHNsa

CraHfapTHoe BupuanbHoe ypaBHeHne GERG B ananasoHe Temnepartypbl 263—338 K v gasneHun go 12 MMa
6b1/10 BCECTOPOHHE CBEPEHO C AAaHHbIMM U3 6aHka AaHHbIX GERG 1 flaHHbIMK YMKarckoro MHCTUTYyTa ra3oBbixX UccnefoBa-
HWIi B Npegenax Anana3oHOB MOJAPHbLIX A0Me KOMNOHEHTOB, BbICLUEA TennoTbl CrOPaHUsi U OTHOCUTE/IbHON NAOTHOCTH,
npvBefeHHbIX 419 ra3os, NOArOTOB/IEHHbIX K TPAHCMOPTUPOBAHMWIO 1 pacnpefesieHnio No MarncTpanbHbIM rasonposogam
(cm. 4.4.1). BHYTpu 3TUX Npeaenos pacliMpeHHbie HeonpeaeneHHOCTN pacyeTHbIX pe3y/bTaToB OCTalOTCA TakMMU, Kak
npusefeHsbl B 4.5.

[pybble OLEHKN HeonpefesieHHOCTU PacYeTHbIX Pe3y/bTaToB, BK/OYEHHble B pacyeTbl (PakTopoB CXUMaEMOCTn
ANns 6onee wWupoknx obnacTeil NnpUMeHeHNs, npusBefeHbl Ha pucyHkax E.1—E.4 B Buge rpachukos B KoopauHatax gasie-
HUe — cojepxaHue as3oTa, AUOKCHUaa yrnepoja, ataHa U nponaHa CoOTBETCTBEHHO.

Ha rpadmkax pucyHkos E.1—E.4 npounniocTpupoBaHa NpMMEHUMOCTb ypaBHeHUs SGERG o makcumanbHOro
fasneHus 30 MlMa. 3Ta nnawcTpauns CyXuT TONbKO CNPaBOYHbIM Lie/IIM 1 He 03Ha4yaeT TOro, YTo ypaBHeHne 06bIYHO
VAN HEKPUTUYHO 6bINIO NCNOMb30BAHO Bbille YCTAHOB/IEHHbLIX B HACTOALWeM cTaHhapTe npegenos. Mpegensl Heonpege-
NIEHHOCTUN pacyeTHbIX pe3ynbTaToB 3aBUCAT OT AaBfieHUs, TeMnepaTtypbl U COCTasa, a TakkKe CyLleCTBEHHO 3aBUCAT OT
61130CTY rpaHnLbl ha3oBbiX Nepexofos. MNpegnonaraemble npegesibl HeonpeaeeHHOCTH, NpeAcTaBieHHbIe HUXe, OCHO-
BaHbl HA MEHee KcYepnbiBaloLWUX AaHHbIX, ONy6/MKOBAHHbIX Kak f0nofHeHne k 6aHKy faHHbIX GERG, 1 Ha page gpyrux
LaHHbIX.

Bo Bcex cnyyasx ykasaHbl MakcumasbHble npefesbl HeonpegeneHHoCTU. MyHKTUPHbIE TMHUM NPUBE/EHbI C Liefblo
oTAenuTb ABe obnacTu npegnonaraemoii HeonpeaeneHHoCcTM B TOM C/ydyae, Koraa aKCneprMeHTa N bHbIX JaHHbIX Hefo-
CTaTOYHO. YTOBbI YCTAHOBUTL NOJIOXKEHWeE rpaHnLbl ha3. CocTas rasa byfeT okas3blBaTb 3HAYNMMOE B/IMSHWE Ha MON0XEHNE
rpaHnupbl das. v Nofb3oBaTelb N03TOMY 06513aH CAMOCTOATE/IbHO paccunTatb rpaHuLy hasoBbiX NepexoAos.

KoHeuHble pe3ynbTaTbl MOTYT 6bITb NOyYeHbl Npy AasneHun Ao 10 MMa n TemnepaTtype B AnanasoHe 263—338 K.
B 3Tux gnanasoHax fasfeHus u Temnepartypbl TOMbKO Y ra3oB, MMeKLW X MOISAPHbIE L0/ KOMMOHEHTOB B npejenax,
npuBefeHHbIX Hke B Tabnuue E.1, HeonpeaeneHHOCTN pacyeTHbIX pe3ybTaToB 6yayT HaxoAuTbes B npegenax * 0.1 %,
+0.2 % 1 + 0.5 % cOOTBETCTBEHHO.

Ta6nuua E.1— MNpeanonaraemble Npegesnbl HEONPEAENEHHOCTH A5 PACLUMPEHHbIX 41ana3oHoB NpUMeHeHNs MeToaa

MornsipHasi fONs KOMNOHEHTA [i/151 HEOMPELEeNIEHHOCTW PacueTHbIX PesyNbTaToB B Npeaenax

KoMmroHeHT
*0.1 % +02 % +0.5%
A3oT <0.20 <0.50 _
[vokeng yrnepoga <0.09 <0.12 <0.23
OTaH <0.10 <0.11 <0.12
MponaH <0.035 <0.04 < 0.045
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p — AaBneHue: X — monsApHasa gons asoTta, 1— UZ Si 0.1 %;2— UZott 0.1 % go +0.2 %,
3 UZor+0.2% go105%;4- UZoTt 0544 p00* 3.0%

PucyHok E.1 — lMpegnonaraemsblii npefen paclinpeHHoi HeonpeaeeHHOCTU NPW BblUNCIEHUN
hakTopa CXXMMaeMOoCTW NPUPOAHbLIX Fa30B C BbICOKUM COfepXaHuem asoTa

P — AaBNeHUe: xcgp — MonApHas fons guokcuja yrnepoga: 1— UZ St 0.1 %:2— UZo110.1 % Ao 10.2 %;
3 UZoT10,2%p0105%;4- UZoti 054001 3.0%

PucyHok E.2 — Mpepgnonaraembiii npegen pacluvpeHHoli HeonpeaeneHHOCTH NPy BbIYUCIEHUM
(hakTopa CXMMaemMoCTU NPUPOAHLIX Ta30B C BbICOKAM COLEPXaHWEM SMOKCUAA Yrieposa
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p — AaBneHune; *c”e— MonapHasa fgonf ataHa; 1— UZS10.1 %;2 — UZott 0,1 % a0 10,2 %;
3- UZor10.2% a010.5%;4 UZoTr10.5%a0+3.0%

PucyHok E.3 — lMpegnonaraemblii npegen pacwvpeHHoi HeonpeaeneHHOCTW Npu BbIYUCIEHUN
(hakTopa CXXMMAEeMOCTN NPUPOAHBIX FA30B C BbICOKUM COLEePXaHUeM aTaHa

p — paBneHue. MonsapHas fons nponaHa; | — UZS+0.1 %;2 —UZot10.1 % agoi 0,2 %;

3- L/Zoti 0.2% no +05%.4- UZoT105%aoi 3.0%

PucyHok E.4 — Mpegnonaraembiii npefen pacluMpeHHo HeonpeaeneHHOCTU NpY BbIUUCIEHUN
(hakTopa CXMMaeMoCTU NMPUPOAHLIX ra30B C BbICOKMM COZepXaHuem nponaHa

24



FOCT P 8.769-2011

Mpunoxexne F
(cnpaBoy4HOE)

Mognporpamma SGERG.FOR Ha sa3blke FORTRAN

KomMmeHTapuii kK nporpamme.
BupunanbHoe ypaBHeHue cocTosiHus GERG—88.
Moanporpamma SGERG

SGERG paccyuTbiBaeT (baKTOp CKnMaemMoCTn nNpupoAaHoro rasa C uUcCnosib3oBaHWemM HemnosIHoro KOMNOHeHTHOro

CocTaBa rasa.

NeranbHble konuu 3Toii MporpamMMbl MOryT GbiTb MOMYYeHbl Y YeHoB pa6ouyeil rpynnbl GERG no onpegenexuio

(hakTopa CXMMaemMocTu NPUPOLHOrO rasa B TOW Bepcuu, KoTopas npeactasreHa B TexHuyeckoii MoHorpadgpum TM 5
(GERG. 1991).

PacueTbl OCHOBaHbl Ha CleAyLW X NCXOAHbIX fJaHHbIX:
[lonycTyMble UHTEPBaSbI:

-1 — X3: monsapHas gona C02 o1 0.0 £o 0.3;
-2 — HS: tennota cropaHus MIx «m- ot 20 g0 48.

- 3— RM: oTHOCUTENbHAS NAOTHOCTL' ot 0.55 80 0.9;
- 4 — X5: monapHas gona H2 01 0.0 80 0.1.
[lanee BBOAAT BXOAHbIE NEPEMEHHbIE:

p — AaBneHue, 6ap ot 0 po 120;
T— Temnepartypa. "C 0T -23 fo +65.

B nporpamme paccuuTbiBalOT X2 — MOJISAIPHYIO [0/1H0 a30Ta W BbIBOAAT €€ Ha nevartb.
Pe3ynbTaThl BbIYUCIEHNIA:
Z — (hakTop CKMUMaemocTu;
D — monsipHas nnoTHOCTb, MOJb w3
CUHTAKCWUC: CALL SGERG (X2. X3. HS. RM. X5. P. TC. Z. D)
3HavyeHnsa ko3I (PULMEHTOB, NCMOMb3yeMbIX B 3TON MporpamMMe, COOTBETCTBYIOT 3HAYEHUAM, NPUBELEHHbIM B

noanporpamme GAS682 ot 20 nions 1988 r., npunoxeHHoi B coobweHnn 8807 NlabopaTtopun BaH-gep-Baanbca, Am-
cTepaam.

J. P. J. Michels. J. A. Schouten.
August 16. 1991
3HauyeHns ra3oBoii NOCTOSAHHOM, MOMISIPHLIX MAcC, 3HAYEHUs1 TENOTbI CrOPAHUS U NIOTHOCTM BO34yXa COOTBETCTBY-

10T npuBegeHHbiM B TOCT 31369.

C

CCCCCcCcCcrcrcececececececcecececececececececececececececececececececcececececcececececececcecececceccccccecccccccccccce

C

O00

SUBROUTINE SGERG(X2.X3.HS,RM.X5.P.TC,Z.D)

IMPLICIT DOUBLE PRECISION (A-H.0-2)

IF( PLT. 0.0 OR. P .GT.120.0) STOP ' PRESSURE OUT OF RANGE'
IF(TC.LT.-23.0 .OR. TC.GT .65.0) STOP' TEMPERATURE OUT OF RANGE'
CALL SGERG1(P.TC.X2.X3.X5.HS.RM.Z.D)

RETURN

END

SUBROUTINE SGERG1(P.TC.Q2.Q3.Q5,QM.RM.Z.D)
IMPLICIT DOUBLE PRECISION (A-H.0-Z)

COMMON 'RBLOK.' AMOL.HS

COMMON /XBLOK/ X1 .X2.X3.X11,X12.X13.X22.X23.X33

> X5.X7.X15.X17.X25.X55.X77

COMMON /MBLOK/ GM1 R0.GM1 R1.GM2.GM3.GM5.GM7.FA.FB.RL.T0.H5.H7.R
HS = QM

X3=Q3

X5 =Q5

IF(RM.LT. 0.55.0R. RM.GT. 0.90) STOP 'REL. MASS OUT OF RANGE'
IF(X3.LT. 0.0 .OR. X3.GT. 0.30) STOP C02 OUT OF RANGE’
IF(HS.LT.20.0 OR. HS.GT.48.0 ) STOP 'CALOR. VALUE OUT OF RANGE'

" N3mepeHua konnyectsa npn T= 0.0 "C; p = 1.01325 6ap: Temnepartypa cropanus: 25.0 "C.
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IF((0.55+0.97'X3-0.45'X5).GT.RM)STOP 'CONFLICTING INPUT
SM = RM’RL
X7 = X5'0.0964D0
X33 = X3'X3
X55 = X5'X5
X77 = XT' X7
BEFF= -0.065D0
H = 1000.0D0
AMOL= 1.0DO/(FA*BEFF)
K=0
KK = 0
CALL SMBER(H.SMT1)
IF(ABS(SM-SMT1) .GT. 1.D-6)THEN
CALL SMBER(H+1.0D0.SMT2)
DH = (SM-SMT1).(SMT2-SMT1)
H = H+DH
KK = KK+1
IF(KK.GT.20)STOP * NO CONVERGENCY #1’
GOTO1
END IF
X11 =X1'X1
X12 = XTX2
X13 = XVX3
X22 = X2'X2
X23 = X2'X3
X25 = X2'X5
X15 = X1'X5
X17 = XTX7
CALL B11BER(T0.H.B11)
CALL BBER(T0.B11.BEFF)
AMOL= 1.0DO/(FA+BEFF)
HSBER = X1'H'AMOL+(X5'H5+X7"H7)'AMOL
IF(ABS(HS-HSBER).GT.1.0D-4) THEN
K = K+1
IF(K.GT.20)STOP 'NO CONVERGENCY #2'
GOTO 1

END IF

IF(X2.LT.-0.01 .OR. X2.GT.0.5) STOP 'CALC. N2 OUT OF RAN43E’
IF(X2+X3.GT.0.5) STOP 'N2 + C02 OUT OF RANGFE’
IF(0.55+.4*X2+0.97'X3-0.45'X5).GT.RM)

+ STOP 'CONFLICTING RESULT FOR N2’
Q2=X2
T =TC+TO

CALL B11BER(T.H.B11)

CALL BBER(T.B11.B)

CALL CBER(T.H.C)

CALL ITER(P.T.B.C.V.Z)

D = 1.0D0V

END

SUBROUTINE SMBER(H.SM)

IMPLICIT DOUBLE PRECISION (A-H.0-Z)
COMMON {RBLOK/AMOL.HS

COMMON /XBLOK/ X1.X2.X3.X11.X12.X13.X22.X23.X33
> X5.X7.X15,X17,X25J<55.X77

COMMON /MBLOK/ GM1R0.GM1R1.GM2.GM3.GM5.GM7.FA.FB.RL.T0.H5.H7.R

GM1= GM1R0O+GM1RTH

X1 = (HS-(X5'H5+X7*H7)'AMOLYH/AMOL

X2= 1.0DO-X1-X3-X5-X7

SM = (XTGM1+X2,GM2+X3'GM3+X5'GM5+X7'GM7)' AMOL
END
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SUBROUTINE B11BER(T,H,B11)

IMPLICIT DOUBLE PRECISION (A-H.0-Z)

COMMON /BBLOK/ BR11H0(3), BR11H1(3). BR11H2(3). BR22{3). BR23(3).
+ BR33(3). BR15<3). BR17(3). BR55(3). BR77(3). B25
T2=T*T

B11=BR11HO(1) + BR11HO{2)*T + BR11HO(3)*T2

+ « (BR11H1(1) + BR11H1(2)*T + BR11H1(3)*T2)H

+ + (BR11H2{1) + BR11H2(2)*T + BR11H2(3)' T2)*H*H

END

SUBROUTINE BBER(T.B11.BEFF)

IMPLICIT DOUBLE PRECISION (A-H.0-Z)

COMMON /BBLOK/ BR11HO0(3), BR11H1(3), BR11H2(3). BR22(3). BR23(3).
+ BR33(3). BR15{3). BR17(3), BR55(3), BR77(3). B25
COMMON/ZETA/Z12.213.Y12.Y13.Y123.Y115

COMMON /XBLOK/ X1.X2.X3.X11.X12.X13.X22.X23.X33

> X5.X7.X15.X17.X25.X55.X77

T2=T*T

B22=BR22(1) + BR22(2)*T + BR22(3)' T2

B23=BR23(1) + BR23(2)*T + BR23(3)'T2

B33=BR33(1) + BR33(2)*T + BR33(3)' T2

B15=BR15(1) + BR15(2)*T + BR15(3)'T2

B55=BR55{1) + BR55<2)*T + BR55(3)' T2

B17=BR17(1) + BR17(2)*T + BR17(3)'T2

B77=BR77(1) + BR77(2)'T + BR77(3)*T2

BA13= B11'B33

IF (BA13 .LT. 0.0) STOP 1NO SOLUTION'

277=712+(320.0D0-T)* 2*1.8750-5

BEFF = X1B11 + X12'ZZZ*(B11+B22) + 2.0D0*X13*Z13'DSQRT(BA13)

> +X22-B22 + 2.0DO' X23'B23 wX33'B33 + X55*B55
> +2.0D0O"X15"B15 + 2.0D0'X25'B25 + 2.0D0'X17*B17 + X77'B77
END

SUBROUTINE CBER(T.H.CEFF)

IMPLICIT DOUBLE PRECISION (A-H.0-Z)

COMMON /CBLOK/ CR111HO0(3). CR111H1(3). CR111H2(3). CR222(3).
+ CR223(3). CR233(3). CR333(3). CR555(3). CR117(3)
COMMON /ZETA' 212.713.Y 12.Y13.Y123.Y 115

COMMON /XBLOK/ X1,X2,X3,X11.X12.X13,X22.X23,X33

> X5.X7.X15.X17.X25.X55.X77

T2=TT

C111=CR111HO(1) + CR111HO(2)*T + CR111HO(3)*T2

+  +(CR111H1(1) + CR111H1(2)*T + CR111H1(3)' T2)*H

+ +(CR111H2(1) + CR111H2(2)' T + CR111H2(3)*T2)*H*H
€222 = CR222{1) + CR222(2)'T + CR222(3)' T2

€223 = CR223(1) + CR223(2)*T + CR223(3)*T2

€233 = CR233(1) + CR233(2)*T + CR233(3)'T2

€333 = CR333(1) + CR333(2)'T + CR333(3)"T2

C555 = CR555(1) + CR555(2)*T + CR555(3) T2

C117 = CR117(1) + CR117(2)*T + CR117(3)'T2
CA112=C111'C111"C222

CA113=C111*C111*C333

CA122=C111'C222"C222

CA123=C111'C222*C333

CA133=C111'C333'C333

CA115=C111"C | 11"C555

IF (CA112.LT.0.0 .OR. CA113.LT.0.0 .OR. CA122.LT.0.0

¢+ .OR.CA123.LT.0.0 OR. CA133.LT.0.0 OR. CA115. LT. 0.0)
+ STOPINO SOLUTION’

27



FOCT P 8.769-2011

D3REP=1.0D0/3.0D0
CEFF=X1'X11*C111 +3.0D0*X11' X2*(CA112)*D3REP'(Y12+(T-270.0D0)
*0.001300)

+3.0D0*X11*X3 * (CA113)*D3REP * Y13

+3.0D0*X1*X15 * (CA115)**D3REP *Y115

+3.0D0*X1*X22 * (CAL122)**D3REP * (Y12+(T-270.0D0)*0.0013D0)
+6.0D0*X1*X2'X3* (CA123)*D3REP * Y123

+3.0D0*X1*X33 * (CA133)**D3REP *Y13

+X22*X2'C222 + 3.0D0*X22X3*C223 + 3.0D0*X2*X33'C233
+X3*X33*C333 + X5*X55"C555 + 3.000°X11*X7*C117
RETURN

END

+ o+ o+ o+ o+ o+ o+ o+

SUBROUTINE ITER(P.T.B.C.V.Z)
IMPLICIT DOUBLE PRECISION (A-H.0-2)
COMMON /MBLOK/ GM1RO.GM1R1.GM2.GM3.GM5.GM7.FA.FB.RL.TO.H5.H7.R
RT = R*T
RTP = RT/P
V = RTP+B
KK =0
5 V =RTP'(1.0D0+B/V+C/V" 2)
KK = KK+1
IF (KK .GT. 20) STOP ' NO CONVERGENCY #3'
Z= 1.0D0+B/V+CA/**2
PA= RT/V'Z
IF(ABS(PA-P) .GE. 1.D-5)GO TO 5
RETURN
END

BLOCK DATA
IMPLICIT DOUBLE PRECISION (A-H.0-Z)
COMMON tBBLOK/ BR11HO(3). BR11H1(3). BR11H2(3). BR22(3). BR23(3).

+ BR33(3). BR15(3). BR17(3). BR55(3). BR77(3). B25
COMMON /CBLOK/ CR111HO(3). CR111H1(3). CR111H2(3). CR222(3).
+ CR223(3), CR233(3). CR333(3). CR555(3). CR117(3)

COMMON /ZETA/Z12.Z13.Y12.Y13.Y123.Y115

COMMON ,'MBLOK/ GM1RO.GM1R1.GM2.GM3.GM5.GM7.FA.FB.RL.TO.H5.H7.R
DATA BR11H0/-0.425468D0. 0.286500D-2. -.462073D-51
BR11H1/0.877118D-3. -.556281D-5. 0.881510D-8 /.
BR11H2/-.824747D-6. 0.4314360-8. -.6083190-11/.
BR22 / -.144600D0O . 0.740910D-3, -.911950D-6 f,
BR23/-.339693D0.0.161176D-2, -.204429D-5 /.
BR33i - 868340D0.0.4037600-2, -.516570D-5 /.
BR15/-.521280D-1. 0.271570D-3. -.25 D-6 /,
BR17/-.687290D-1, -.239381D-5. 0.518195D-6/.
BR55/-.110596D-2. 0.813385D-4, - 987220D-7 /.
BR77/-.130820D0.0.6025400-3, -.644300D-61
B25/0.012D0/

DATACR111H0/-.302488D0. 0.195861D-2. -.316302D-5 !.
CR111H1/0.646422D-3, -.422876D-5. 0.688157D-8 /,
CR111H2/-.3328050-6. 0.223160D-8. -.367713D-11/,
CR222/0.784980D-2. -.398950D-4. 0.611870D-7 /.
CR223/0.552066D-2. -.168609D-4. 0.157169D-7 /,
CR233/0.358783D-2.0.806674D-5. - 325798D-7 /.
CR333/0.205130D-2. 0.348880D-4. -.837030D-7 /.
CR555/0.104711D-2, - 364887D-5. .467095D-8 I.
CR117 /0.736748D-2. -.2765780-4. .343051D-7/
DATAZ12 /0.72D0/, Z13/ -.86500/.

+ Y12/ 0.92DO /. Y13/ 0.92D0/. Y123 /1.10DO0/.

+ Y115/1.2D0/

DATA GM1R0/-2.709328D0O/. GM1R1/.02106219900/.

+ o+ + o+ o+ o+

+ o+ o+ o+ o+ o+ o+ o+
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+ o+ + + o+ o+

GM2/ 28.013500/. GM3/ 44.010D0/.
GM5/  2.015900/. GM7/  28.010DO0,".
FA /22.414097D0,. FB /22.710811DO0.
RL / 1.29292300/. TO / 273.15D0/.
H5 / 285.8300/, H7 / 282.98D0/
R /0.083145100/

END

29
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Mpunoxenvne A
(cnpaBouHOE)

ConocTaB/ieHne CTPYKTYpbl HACTOSILLEr0 CTaHAApTa Co CTPYKTYpoOli
NPYMEHEHHOTO B HOM MEX/AYyHapoAHOro ctaHaapTa

Ta6nunuya AA.1

CTpyKTypa HaCTOSILLEro cTaHaapTa
1 0O6nactb npumeHeHus (1)
2 HopmaTtunBHble CCbIKMN (2)
3 TepMuHbI, onpegenexHns n o6o3HavyeHuns (—)
3.1 TepmuHbl n onpegenexus (3)
3.2 O603HayeHus (npunoxeHune A)
4 MeTopa pacuyeTHOro onpegenexus (4)
4.1 CywHocTb meToga (4.1)
4.2 YpaBHeHue cocTosiHua SGERG—88 (4.2)
4.3 BxofHble nepemeHHble (4.3)
4.4 Ycnosus npuMeHeHusa meTtoaa (4.4)
4.5 OueHka HeonpeAeIeHHOCTU BblycneHunit (4.5)
5 MporpammHoe ob6ecneyeHne metoga (5)

Mpunoxexune A T'a3. NOArOTOBNEHHbIV 115 TPAHCTOPTUPO-
BaHWA U pacnpejeneHns No MaructpasibHbiM rasonposo-
Aam (npunoxeHwue E)

Mpunoxenne B OnucaHune meToga pacyeta Ha OCHOBe
ypaBHeHus cocToaHna SGERG—88 (npunoxeHune B)

MpunoxeHne C KOHTpONbHble MpuUMeEpbl pacyeToB (Mpu-
noxexwue C)

Mpunoxexnne D KoadpumuymeHTbl npeobpasoBaHusa (npu-
noxexwve D)

Mpunoxexne E Bo3MOXHOCTH pacnpocTpaHeHns MeTofa Ha
pacLlMpeHHble ananasoHbl NPUMEHEHUA (NpunoxeHue F)

Mpunoxenne F Mognporpamma SGERG.FOR Ha A3blke
FORTRAN (npunoxeHue G)

MpunoxeHne JA ConocTaB/ieHne CTPYKTypPbl HACTOALLErO
cTaHAapTa Co CTPYKTYpoOli NMPUMEHEHHOTo B HeM Mexay-
HapoAHoro ctaHaapTa

Bubnuorpadms

CTpyKTypa MexayHapogHot ctaHgapta MCO 12213-3 2006
1 06nacTb NpUMeHeHns
2 HopmaTuBHbIE CCbINKK

3 TepMUHbI U onpegeneHus

4 MeTof pacyeTHOro onpegeneHus

4.1 CywHocTb meToda

4.2 YpaBHeHune coctosaHna SGERG—88

4.3 BxofHble NepeMeHHble

4.4 Ycnosua npuMeHeHus meTtoga

4.5 OueHka HeonpeaeneHHOCTN BblYUCIEHWIA
5 MNporpamMmmHoe o6ecnevyeHne metoga

MpunoxeHve A YcnoBHble 0603HavYeHNss N eAnHULbI Be-
NNYNH

MpunoxeHne B OnucaHue meToAa pacyeTa Ha OCHOBe
ypaBHeHusa coctosHna SGERG—88

Mpunoxexnne C KOHTpO/IbHbIE NPUMepbl pacyeToB
Mpunoxenue D KoadhdpuumeHTbl npeo6pazoBaHus
Mpunoxenne E las. NOAroTOBAEHHbI 4151 TPAHCNOPTMPO-

BaHWs U pacnpefeneHns no MarvcTpasbHbIM ra3onposojam

Mpunoxenue F BO3MOXHOCTW pacnpocTpaHeHus metoga
Ha paclIMpeHHble f1ana3oHbl NPUMEHEHNs

Mpunoxexnve G Mognporpamma SGERG.FOR Ha fA3blke
FORTRAN

Bubnunorpadus

Mpumeuanne — Tlocne 3arofoOBKOB pasfAesios (NOAPA3LeoB) HACTOSLLErO CTaHAapTa B CKOGKaX NPUBEAEHbI
HOMepa aHanorMyHbIX pas3genos (noapasaenos) MeXayHapoAHOro cTaHaapTa.
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Buénuorpadgusn

(1] MexayHapofHsblii cTaHgapT  pupoaHblii ra3. PacueTHoe onpefenerune aktopa cxumaemocTn. HYacTb 1. Ucxoa-
MCO 12213-1:2006 Hbl€ NOJIOXKEHUA U pekomeHgaunumn
(ISO 12213-1:2006) (Natural gas — Calculation of compression factor— Part 1: Introduction and guideilines)
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