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JEIIOHUPOBAHHASA PYKOITNCH

VIK 547.216:536.7

Tabnuupl CTAHAAPTHBIX  CIPABOTHBIX manueix  TCCCJH 289 — 2013,
Temnodusuueckre CBORACTBA ra30BOr0 KOHACHCATA Y PEHTOWCKOTO MECTOPOXKICHHA Ha
JUHAKM Havajga KWTIeHWS (JIMHWAM HACBHINCHWS) W B KHIKOW (aze B amamaszoHe
temmeparyp 250...600 K npu pasnenun no 60 MIIA/ I'puropses B.A., ['epacumos
A A., Tpuropses E.b. Poccuiicknit HaydHO-HCCITeI0BATENTLCKHH TEHTP WHOOPMAINH
o cTaHIapTU3aluy, METPOJIOTHH! u OLIEHKE COOTBETCTBUS OI'VII
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Henonuposanst Bo IYII « CTAHIAPTUH®OPM» 31.10.2013 r., Ne 881 —2013 kk.

Ha ocHOBE COBpEeMEHHBIX METOMOB pacduera, pPa3pabOTAHHBIX Ha OCHOBE
MHOTOYHCJICHHEIX JKCIICPUMCHTATBHBIX JaHHBIX O CBOWCTBAX YIJIEBOAOPOAOB, He(TH,
ra30KOHIEHCATOB M WX (PaKuuii COCTaBIeHbI TAGIMIBI CTAHIAPTHBIX CHPABOYHBIX
JAHHBIX O TEIUTO(QU3HUECKUX CBOMCTBAX Ta30BOr0 KOHJACHCATa YPEHIOMCKOro
Ta30KOHAEHCATHOTO MECTOPOKIACHUA B auamazone Ttemmeparyp 250...600 K npum
npasaenwsx 0,1...600 MITa.

ABTOpBI: T'puropees b. A
I'epacumoB A. A.
I'puropses E. b



1. AHHOTAILMS

Paccuntansl Tabnuipl  TEIOPH3MYECKHX CBOWCTB Tra30BOr0  KOHAEHCATa
YPEHroMcKkoro Tra30KOHICHCATHOTO MECTOPOXICHHA B JMAaNa3oHe TeMIEpaTyp
250...600 K m maBnenun mo 60 MIIA B xwuakoii ¢asze, a Takke Ha JMHH Hadaia
KHUICHUS (JIMHHAS HACHIIICHUS ).

Cocrapnensl Tabnuipl mnotHoctd p(P,T); m3obapHoit temnoemkoctu Cu(P,T);
yaensHo#  oHTamemuu  H(P,T); ynmempHo#t sHTpommm S(P,T), xo3¢d¢uimenra
muHamudeckoi Bszkocth M(P,T) m kosddunmenta temtompoBoguoctd AP, T) mis
KUIKOU (hashl.

Ha TMHHM HACKHIIGHWS PACCUMTAHBI 3HAUCHHSA IaBIeHHA Hadana kumerns P(T),
mrotHoet p(T), M306apHON TEITOEMKOCTH cp'(T), yaensubix sHTansman H(T)
sarpormu S(T); suramsmun AH', i srrpormu AS', 1apooGpa3oBanmst IpU MOCTOSHHOM
TeMMEPATyPe; MOBEPXHOCTHOTO HATKCHUS G'(T).

PacueTsl  BBIMONHEHBI C  MCHOJB30BAHMEM  YPAaBHEHHA W METOIOB,
pa3pabOTaHHBIX HA OCHOBE aHAJIM3a MHOTOUHCIICHHBIX SKCIIEPUMEHTAIbHBIX JAHHBIX O
CBOMCTBaX He(TH, HEPTENPOAYKTOB, Ta30BBIX KOHICHCATOB W HMX (pakmuii,

YTJIIEBOJOPOJOB B IMPOKUX JUAMa30HaX TEMIIEPaTyp U JaBJICHUI.



2. BBEJEHHE

Ha ocHoBe coBpemeHHbix wmeTOmOB pacuera [1,2] cocraBieHBl TaOMHIBL
TEIUIO(U3NIECKAX CBOMCTB ra30BOTO KOHIEHCATa YPEHTOWCKOTO MECTOPOXKIACHHS B
nuanazone temneparyp 250...600 K u gasnenuii no 60 Mlla, Bkintouas TUHUIO Hauana
KUTIeHus1. MeToapl pacdera CBOMCTB YIVIEBOAOPOJIHBIX CHCTEM HEOIPEASICHHOTO
COCTaBa, K KOTOPBIM OTHOCATCS M TA30KOHIACHCATHI, pa3padoTaHbl aBTOpaMH Ha OCHOBE
Hanbosiee HAJECKHBIX U MPEICTABUTEIBHBIX SKCIEPUMEHTANbHBIX MaHHbIX [3-15]. ba3za
SKCIIEPUMEHTAIBHBIX JAHHBIX BKIIOUYATA TEIUIOPH3MYECKYI0 M (U3HKO-XUMHYECKYIO
uHpopmanmio Oonee weM o 300-x BemrecTBax, MPEACTABIMIOMMAX cO00W HehTH U
ra30BbI€ KOHACHCATHI PA3IMYHBIX MECTOPOXKICHUH M MX (pakiuii. Bce metonsl pacuera
MOCTPOEHBI B PAMKaxX OTHOKHUAKOCTHOM mMoaenu [16] ¢ ucmomp3oBaHreM MUHUMAIbHOMN
uHdpopManmu 0 GU3NKO-XUMHYECKAX CBOMCTBAX BEIIECTBA U O €ro cocrase. B kauecTse

HOKaSaTeHefI, I/IZ[GHTI/I(bHHI/Ip)/IOH_[I/IX YIrJICBOAOPOAHYIO CUCTEMY, HCIIOJb30BAJIUCh

20
nokasaresi, npenaomienus 7p  npu temneparype 20°C, OTHOCHTENBHAs IIOTHOCTD

20
P4, MonspHast macca M, kr/Mouib U cpeiHeoOBeMHas TeMrieparypa KuneHus Ty, K.

IIpencraBnensl TONBKO KOHEUHBIC (DOpMYJIBI 0€3 OMHCAHWA MPOIEAYPhl pa3paboTKu
TOTO WX HHOTO METOJAa ¥ CPaBHEHMS €T0 C CyliecTBYIOMmuUM. 1Ipyn 3TOM NpoBeACHHBINH
aBTOpPaMHM aHAJIU3 CPABHEHHS C JPYTMMH METOIAMH MO3BOJIAET CUMTATh, UTO TAOIULIBI
CTaHJAPTHBIX CIIPABOYHBIX JAHHBIX O CBOMCTBAX ra3oBOTO KOHACHCATAa Y PEHIOMCKOro
MECTOPOXKIEHHSI PACCYMTAHbl C HCIONB30BAHWEM HaW0OJee HAAEKHBIX W IIMPOKO

MUATIA30HHBIX METOIOB.,



3. OCHOBHGIE CBEJAEHUS O TA30BOM KOHJEHCATE U ET'O
OU3UKO-XMMHUYECKUX CBOMCTBAX

Tlonmsie cBeneHHMS O TA30KOHACHCATHBIX XapaKTCPUCTUKAX ra3soBoro KOHACHcaTa

VPEHTOMCKOro MeCTOpOKIACH s mpuBeAeHs! B [17].

Konpencar mpencrapisier co0OH SKMAKOCTh  JKENTO-3€JICHOTO  IBETA C
XapaKTePHbIM 3allaXOM CepPHUCTHIX coenuHeHuil. Conepxanme cepol — 1,55%
MaccoBbIX, TBepapix mapadpuaoB — 1,94%, cmon - 1,41%. Maccosas noms
METaHOHA(TEHOBBIX YIJIEBOJAOPOJOB — 66%, apomarmuyeckux — 34%. B rtabmune 1
TIPUBEACHBI (PPAKIMOHHBIA cOCTaB W (HH3MKO-XMMHUUYECKHE CBOICTBA KOHAEHCATA, C

UCIIOJIb30BaHUEM KOTOPBIX PACCYMTHIBAIMCH TAOIHIBI TEIUIOQH3MIECKUX CBOHCTB.

Tabnuna 1
DpakuMOHHBIN cOCTaB M (PH3MKO-XHMHYECKHE CBOHCTBA KOHACHCATA

YPEeHTOHCKOTO MECTOPOXKACHUA

Temneparypa Havana kuneuust, °C 0 70
Temneparypa °C otrona, % (mo oGbemy) 10 100
30 120
50 134
70 166
90 238
Tloka3aTenb IPeIOMICHHs, Ny 1,4300
OTHOCHTEIBHAS ITIOTHOCTD, p420 0,7708
MonspHaas macca, M 119,0
Cpenreo0bemMHas Temnepatypa KameHus Try, K 42475




4. YpaBHeHHS H MeTOJbI pacdeTa Ta0J ML TeI10(pu3nyecKnx cBoicTB

ra3oBOro KOHJACHCATa Y PEHroMCKOro MeCTopoKaeHus
4.1 TentodusnyeckHe cBOHCTBa HA JIMHHH HAYAJIA KHIICeHHS (HACHIIIEHHS)

4.1.1 JlaBnenune Havama kwumeHus p'(T) paccudTHIBaJOCh Kak CpeaHee
PE3YJIBTATOB, MOJMYYSHHBIX MO ypaBueHmsM cocTosHus Coasa [18] m Bpycunosckoro
[19].

Vpasuenue cocrostHust Coasa [18]

__ R aa
Vb VIV +b)~
Ilapamerpsr:

a = 0,42748R°T. /pe; b = 0,08664RT./pe;
o = {1+[0,48508+(1,5517160-0,1561 *) J(1-T,%) }%;
A = aop/R*T°= 0,457240p,/1,%; B = bp/RT = 0,07780p,/T,

p (1)

rae R= 831441 A - ynusepcanbHas razoBas NOCTOSHHAS,
(Mmo0-K)

T., K, p., MI1a — xpuTHdccKkre COOTBETCTBEHHO TeMIlepaTypa u aasnenwe; 1,=1/71,,
D»=D/D. IPUBEICHHBIC COOTBETCTBEHHO TEMIIEPaTypa U JaBIICHAC,

@ — (pakrop aneHTprynoctd [urmepa [1, 29].

VYpaeuenue cocrosiaus bpycunosckoro [19]

RT aa
Py Ty Wrowtd)y @
ITapametpsr:

a = oR’T2[1+w(1-T,") J/p; A = ap/R°T;
b = pRT/p.; B =bp/RT;

¢ =oRT/p,; C = cp/RT;

d = ORT/pe; D = dp/RI:

a=Q 5 p=7+Q, I
§=-2."+Q.J05 (Q2.075"]



7.~ 10,3357 0,02940;
¥ = 1,050 + 0,1050 + 0,428w” npu w<0,4489;
Y= 0,429 + 1,004w + 1,5610° npu 0>0,4489.

B rtabmuue Pl npusenenst 3uauenns p(T). OrHocuTenbHas CTaHmapTHAS

HEONPEAEIEHHOCT PACUETHBIX 3HAUYCHUH JaBJICHHS Hauana KumeHus cocTasmier 8,0 %.

4.1.2 TInotHoCTS *HaKOH a3kl Ha NMHIK Hauana kunenus p(T)

p'(T) PaccUMTHIBATACE KaK CPETHES PE3YJIbTATOB, TOJIYUCHHEIX 110 (hopmymaam (3)
1 (6), NPeIOKEHHBIX COOTBETCTBEHHO B paboTax [7] u [20] U CKOPPEKTHPOBAHHBIX

ABTOPAMHU,

Pacuer motroct p(T) Ha TUHUK HAYAIA KUTIEHUS MO METOAMKE [7] IpoBoaHUTCS

0 YPaBHEHHUIO

2
o P =Zai(l—1)’/3 , 3)

i=0
e ap=0,409622; a;=0,5920194; a,=0,430023.

PeneprHoe 3HaueHue MIOTHOCTH p,_,, TIPH TIPHBEAECHHON Temmepatype 1=0,7

OIpeAesIoch Mo hopMyJie
3 .
Piy =D bic' )
i=0

e h=576,330; b;=354,553; b~1307,602; h;=3512,286.

¢ — KOPPENMPYIOWMK NapameTp, yYUTHIBAIOIIANA WHIWBHIYATBHO-TPYIINOBBIE

0COOEHHOCTH ra3oKOHACHCATa
— ~°K €H K en
c=p5/ Py 7 17" &)

K 0
e A0 - IIOTHOCTb rA30KOH/ICHCATA npu temneparype 20°C;



nen 0 ée‘ 3
P20 - mioTHocTh neHtana npu remneparype 20°C (£20=626 kr/M);

2K

oK _ by

b 72 - TIPHBC/ICHHAS cpenHeoObeMHasA TeMITEpaTypa KHMECHUS
pc

Ta30KOHJACHCATA,

HeH
new __ 7;7

b e« - TIPMBE/ICHHAs HOPMATbHAs TEMIEPATyPa KHIEHN NIeHTaHa
[

(7°'=0,6584).

Pacuer IJIOTHOCTH , (7)HA JIMHMM Hayaja KumeHus 0o wMeroxuke [20]

MPOBOJHUTCS MO YPABHECHUIO:
(o ! p.~-D=Bl-2Y' +(B-1-1), 6)
riae B — MHAUBHAYAJIBHEIM IJIs KOKA0TO BemecTsa KodddumueHt;

£ =0,325 — kpuTHYecKui MOKa3aTeslb KPHBOH COCYLIECTBOBAHHUA.
B=[@y/ £y DHI-2) Y [l=7) +1-7,)], (7)
TAe pp— IUIOTHOCTD IIPHU TEMIIEPAType Ty,
%o =To/ T pe- npuBecHHAs TeMIEPATypa.

3neck Ty = 293,15 K, T}, — ICEBIOKPUTAUYECKAsA TEMIIEPATYPA.

B Tabmuiie Pl mpuBeneHsl pacCUMTaHHBIE 3HAUEHHUS IUIOTHOCTH p' Ta30BOTO
KoHIeHcaTa B auanasoHe temmeparyp 250...600 K w masnermm o 60 MIla

(cTaHmapTHAsI HEOMPEAETICHHOCTh PACUETHBIX 3HaUeHui p cocrasiier 0,46 %).

4.1.3 HzobapHas TemIOEMKOCTh Ta30BOTO KOHJEHCcAaTa Ha JIMHUM Haudaiaa
kunernsa C,(T) paccunTriBanack Kak CpeHEE Pe3yIbTaTOB, MOMyYEHHBIX IO (hopMyIaM

(8) [21] = (9) [6]:
10



;0 4 4

¢,—¢ +¢ (-0 +cafl-7 . .

12 4 =C0 laH_OZ Gja‘( ) | 6(1_1') 11 a(l—T) 11
R l+gortest >

®)

rae Cp>Cp— wm306apHBIE TEIIOEMKOCTH COOTBETCTBEHHO HA JIHHHH HAYaa
KHIIEHUS U B UACAIBHO ra30BOM COCTOAHUH, KJ[k/(kmonb-K);

=T/T,, — mnpuBeneHnas Ttemmepatypa, T, — ICEBIOKPHTHUECKAT
TeMIeparypa ra3oBoro KOHJIeHCara;
co=2,036014; c;/= 8,04181; c,=-7,165011; ¢5= 75,20381; ¢~ 0,115,  ¢5=-0,359;
cs—= 0,2209837; c,= 0,3338437.

Ac;, =C, +claH—cz(1+(0)(1—r)3 +¢5 (1+a))2'+c4(1—r)4)’8 expds(1/ r—l)]’ ©)

rae co= -30,0334; ¢1=32,2544; ¢,= 174,099; c3=75,6304; c,= 11,01534; ¢cs= -13,974;

Ac p, KIx/(xkmonpK); t=T/T,; T, «kpuTudeckas TeMIepaTypa TIa30BOrO

KOHJIEHCATA.

B Tabmurie P1 npuBeneHsl pacCUMTaHHBIE 3HAYCHHS W300apHOI TEIIOEMKOCTH
C, Tra3oBOro KOHJCHCaTa  YPEHIOWCKOTO  MECTOPOXKACHHA  (CTaHjapTHas

HEOTPEIENIEHHOCTh PacueTHBIX 3HaUeHui coctasiser 1,2%).

4.1.4 DHrampnHs Ta30BOTO KOHAeHcaTa Ha JuHMM Havyana kunenums H(T)

paccuuthiBasiack o gopmynam (10) u (11) [1, 6]

(1 —r£He 1) RT =+l 11— +efi1— P (41 (10)
rae H., kJ[»/kr — 3HaueHWe SHTANBIAHA B KPUTHIECKOH TOUKE;

H°, H.° kJI5/KT — 3HaY€HHS SHTAIBIMA B HEAJIBHO ra30BOM COCTOAHHH

COOTBETCTBEHHO Tpu Temmieparype T u kputuueckoit remneparype Te;
h=0,34384; h,=-2,3010; h;=4,14444; hy=-4,5433; hs= 20,3731; hs= 6,6264;
Po=10,442; B;=0,403.

(H, -H2)/ R =55944-100581+ 23677 (11)

11



B tabnune P1 npuBeneHsl paccunTaHHbie 3HAUCHUS SHTATRITHN H' 1a3oBoro
KOHJICHCATa Ha JIMHAW HAJaJia KATIEHUS (CTaHIapTHAA HEOMPEEIICHHOCTh PACUETHBIX

3HaYeHui cocraByser 2,73 kJx/kr).

4.1.5 DHTpomHMs Tra30BOr0 KOHAEHCaTa HAa JIMHHH Havajga KamneHus S’

paccuuthiBanack mo dopmynaam (12) u (13) [1, 6]:

5. ~50)-ls ~50 R=s1 1=/ £ (1-2P Fr455f1-) sy (=) g2 rr4ssli=2) 1], (12)
rae s;=2,03515; s,= -6,001; s5= 2,26998; s,= -9,5620; s5= 14,830; s~ 9,25085;
Bo=0,332; B;=0,409.

(5, -50)/ R =75259-19.48640 + 42,2100 (13)
rae Se, kJx/(kr-K) — 3HAYUEHHS SHTPOMUH B KPUTHUYECKOH TOUKE;

S°u S.° k[x/(xkr-K) - 3HAUEHHA SHTPOMHHU B HICATHLHO-TA30BOM COCTOSIHHA

COOTBETCTBEHHO pu Temneparype T u kputnueckoit remneparype T..

B Ttabnuie Pl mpuBeneHbl pacCUMTAHHBIE 3HAUEHHs SHTPONHH S’ Ta30BOro
KOHJ/ICHCATa Ha JITHUHM Havajla KANeHUs (CTaHaapTHAs HEONPEAEICeHHOCTh PACUETHBIX

sHauennii cocrasisger 0,09 x/x/(kr-K)).

4.1.6 Dutanemust AH,' mapooGpasoBaHus ra30Boro KOHACHCATA IIPH

MIOCTOSTHHOM TeMmepaType paccuuThiBaiach no ¢popmyne (14) [1, 6]:
AHL JRT, =7,086(1-7)* +12,040(1—7)"* (14)

B Ttabmume P1 mpuBemeHB paccuuTaHHBIE 3HAUYCHHS AH,". CrangaptHas

HEOIPEICICHHOCTh PACUCTHHIX 3HaYeHui cocrasysger 1,50%.

4.1.7 DuTponus AS," mapooOpa3oBaHus Ta30BOT0 KOHIAEHCATa NPU MOCTOAHHOM

12



TeMIeparype PacCUMTHIBANIACH KaK CPEIHEE PE3YNIbTAaTOB, MOJTYyYCHHBIX IO ¢opMyIaMm

(15)u (16) [1, 6]:
ASF 1 R=62980-7)% 7-+1 3087(1—2)** 0/ v+1 18228~ 7)r-305550 -7, (15)

ASE 1 R=59848~7)""%/74139950~7)**"w/ 7+6841(1—7) 1196512, (16)

B rabmume Pl npueesensl paccunmtanmbie 3Hadends AS,'. CraHmaprras

HEOTPEICIEHHOCTh PACUETHBIX 3HAUeHUH cocTasser 2,20%.

4.1.8 TIlosepxHocTHoe HarsbkeHre [(T) Ha JsmMHMM Havajga KuneHUs

PacCUUTHIBAIIOCh KaK CPENHEE PE3yJIbTaTOB, MOMyIeHHBIX 1o (opmymam (17) [22, 23] n

(19) [1]:
o =0y |, -7)(T,. —293 15" (17)

rae [y, MH/M — noBepxHOcTHOE HaTxeHne npu Temueparype 20°C — pacCUHTHIBAETCA

o gopmyne
1,477 5
oy = 16,83 (p ) 4 0-1547 ’ (18)
0" =0/0ys =3.6373(1-7)" -0,7149(1- 1) (19)

rae Los — penepHOe 3HAYEHHE OBEPXHOCTHOTO HATsLKeHUS IpH 1=0,6.

x
Toe OMpeneNsIeTcs U3 KPUTCPHATBHON 3aBHCHMOCTH.

* To6
Go6 = RIE 2 %TU% Za AJ (20)

pe j=0

rae a,= 6,392; o= -2,176; 0,=0,6012; 0;=-0,0639; A — xputepuii Pununnosa;

13



K=1,38054-10Jls/x; Ppe, H/M?; Ty, K.

BespasMepHsle 3HaUEeHHUA DO’(,* anmpOKCUMHAPOBAHEI YPaBHEHUEM
* 208 . 20), v
o =€xp| Sy +5 M /100 +s, (p4 ) + 5310 In\np )+ 5,7 +55Y(kw —10) , (@D

Kw — dakrop Barcona; ¥ =100R; (7712)0 —,04%0 )/ M ; Ry- ynenvnas pedpakmus

mo DiKMaHYy;

s~ 9,774502; ;= 0,1631078; 5= 1,124604; 5= -0,5296408; s,= -0,8197291;

s5=0,2082522.

B Tabmuie P1 npuBeaeHsl paccunTanHbie 3HaYeHHA (' ra30BOr0 KOHAEHCATA.

CraHgapTHas HEOTPEIENICHHOCTh PACYCTHHIX 3HaYeHUH cocTasiser 1,60%.

4.1.9 Kos(ppumueHT THHAMHYIECKOH BA3KOCTH HA JIMHAH Ha4Yaa KATICHHUA 1)’
PaCCUMTHIBAJICS KK CPEIHEE PE3yJIbTaTOB NOIy4YeHHbIX 110 popmyiam (22) [1, 24] u

(33)[1, 25]:
Inp" =A+(By+B, /D)o, (o—0,), (22)

rze 7 - npuBeennan Baskocts; T = T/Tpe; ¢ = V/Vpe; ¢ = Vi Ve, Tpe, Ve — 3HAUCHHA

MCEBAOKPATHICCKHUX COOTBETCTBEHHO TEMIICPATYPHI WU MOJIIPHOI'O oObema.

[puBeeHnHas BA3KOCTh paccuUThIBaeTCA 1o hopmye
"= -y ), (23)

rie # - Ko>(hHUIHEHT JMHAMMYECKOH BA3KOCTH HA JIMHUH Havana kumnenus, MIla-c; #° —

KO3(h(pUIMEHT IMHAMHYECKOH BA3KOCTH paspeskenHoro raza MIlla-c; M — macca

14



KHJTOMOJISL, KT/KMOJIb.

Baszkocts paspstkeHHoro raza npu 1 < 1,5onpeaensercs mo ¢popmyne Ctuna u

Tomoca
n%& =1,5643 7% 4)
rie E=Tpe /M2 1P ommmexe Kamepunr-Onecca [20, 27]

KoagppummenTst ypasHenns (22) pacCUMTHIBAIOTCA IO ABYX MapaMeTPHISCKHM

3aBHCUMOCTAM BH A

A=Zy+ Z Y+ 2,V + 2Ky + Z,Y (K -9). (25)
0, =Zo + LY + 2,V + 23Ky + Z,Y Ky =9), (26)
By =Zy+Zy0+ 2,0 +Z3Kpy +Z,0/(Ky —9), (27)
B, =Zy+ 20+ Zyo0" +ZyKyy +Z,0/(Kyy—9), (28)

rae K, — dakrop BarcoHa, Y — XapakrepuCTHUECKHH KOMILUICKC, YYUTHIBAOIIUIA

aneHTPATHOCTH MOJICKYIT

/
Ky =1216(13,)"° 1 pi3 | 29)
20 20 20 20 20 )
Y:]OO[(nD )2—1](11[) - P4 )/[Mp4 (,D +0,4)]’ (30)
rac P f() ., n 50 - COOTBCTCTBCHHO OTHOCHTC/IIbHAA IUIOTHOCTP HW IOKa3aTClib

npenoMIIeHHAs NpH Temmepatype t = 20°C;
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15

- OTHOCHTEIIbHAS [UIOTHOCTH Npu TeMneparype t = 15°C.

P 1s
pis = 170009[/930 -(15- % )J G
TIIe Y — TeMIlepaTypHas MoMpaBKa IOTHOCTH [28]
7 =[706-43.65/ MR, | (32)
3naueHus KOY(GHUIHEHTOB Z; IPeaCTaBICHB B Tabuie 2
Tabnuua 2
3nauenns K03QPULHEHTOB B ypaBHEHHAX (26-29)
Koag- Zo Z; Zs Z3 Zy
¢durment
A 5,86558 -12,63934 15,33584 -0,132716 | 0,777644
By -2,070435 -1,526733 0,495741 0,320887 | -2,84315-10~
B; 1,472011 0,3733031 | 0,2330461 | -9,69232-107 | -1,653622
0 0,264004 | 9.47343-107 | -0,186951 | -3,34258107 | 7,66749-10°
An =explax + BX® +Cx* + DX Infr, |1 (33)

.
rae Ay - mpuBeeHHAsd BA3KOCTh omnpenendercs mo (23), mepemenHas X — 10

COOTHOLIESHHIO
_ * P
X =p; /[ffl (34)
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rae T: =T /T:; pi=plps; p = 0,1(1);)5 ; T ¢ —Temneparypa (GUKCHPOBAHHOTO
3HaueHHs IPUBEEHHOM BA3KOCTH; ) — TUIOTHOCTH NpH Temmepatype T, kr/m’; £ ¢ —
IUIOTHOCTB, KI/M° 1pu Temmeparype ¢ , Ku nasnenun Py, MIla.

Pacuer TemMmepatypsl 7, TIPOBOJUTCS 110 JBYX IAPAMETPHICCKOMY YPABHEHHIO

1:17,. =0,6592591-0,1709597Y - 0,01088077K, -

(35)
-0,07211217 / (K, —9)+0,1077843Y 2 +0,0226019(M /100),

rae Y — XapakTepHCTHUeCKHH KOMIUIEKC, ompexensemsri mo ¢dopmyne (30); K, —
(axrop Barcona, ompenensemsiit mo gpopmyiie (29).

Koapdummenter A, B, C, D B (33) 3aBucAT OT WHIAMBHAYalIbHBIX CBOMNCTB

KUAKOCTH U OIIPCACIIAIOTCA IO COOTHOIICHUIO
F=f, +f1Y+f2(KW/10)+f3(KW /10)2, (36)

3Hauenns  kodddurnmentoB  ypasHenus  (33),  anmpOKCHMHPOBAHHBIX

3aBHCHUMOCTHIO (36) IpeacTaBIiieHbl B Tabnuue 3.

Ta6mmma 3
3naueHns ko3dduunenTos ypasuenns (33), (36)
Kos>pdumpent o fi Nz S
A -75,095609 7,7282428 139,27582 -61,990086
B 131,62054 -10,954723 -231,37228 102,94091
C -48,221585 3,2622499 84,669971 -37,267337
D -24,118043 0,05563355 41,902559 -18,234842

B tabmuue P1 npuBeneHs! 3HaUeHUS # TA30BOTO KOHJAECHCATa HA JIMHUM Hadajla

KHUIICHHA.
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CranpapTHas HEONPEAEIEHHOCTh PACUETHBIX 3HAUCHUI cocTasiigeT 8,5%.

4.1.10 Ko>(pdHIMEHT TennonpoBOAHOCTH A Ha JWHHH HAuyama KHICHHA
PACCUHTHIBAJICA KaK CPEIHES PE3yJIbTAaTOB MOSy4eHHbIX 10 dopmynam (37) [26], (38),

42)[1, 3, 5]

1 2
A=, Dyl G7)

i=0  j=0
rae t© = 7/T),; A — onpenensionmit kpurepuii monobus Gununmnosa [56, 61, 62, 66].
A=10077 = 0,625 , (38)

Koa¢ddurmentsr ypasaenus (37) npeacrasieHsl B Tabuie 4.

Ta6muma 4
3uaueHus koabduimenTos a; ypasuenus (38)
j=0 j=1 Jj=2
0,185670 -0,037531 0,032386
-0,128972 0,031435 -0,032526

Gopmymer (39) n (42) mpeacrasiatoT coOol pe3ynpTar OAM3KHUX MO0 TOYHOCTH

METOIMK, pa3paboTaHHbix apropamu [1, 3, 5] .

Iepras popma ypaBHEHUS UMEET BHT

AL =C1p;+(72p;/72+C3p;v*/2'22+c4p;2/r;b3 3
1+CS/);/TAS ? (39)
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TIe Aﬂ* :(/1—20)[\1 104, A;’ :]/(7'1/2M1/6p2/3); /l,}VO,BT/(M‘K); pi* = p/p;v;

T/l :T/T/l

TeMHepaTypa CI)T/IKCI/IpOBa.HHOFO 3HaY€HUA TEIUIONPOBOAHOCTH PACCUNTHIBACTCA 110

YPaBHEHHIO

Ty 1T, =co+0iY +¢,Y % +c3(Ky —10)+ ¢4 (K —10) +e57 (K —10)

rme ¥ =Ry (n%;’ —pX )/M ; €0 =0,180689; ¢| =1,279527; €, =-0,443805;

¢3=10,032758; ¢4 =0,020290;  ¢s=-0,180112.

IInotHOCTB p paccuutsiBactes no YC (47)[1]. OmopHoe 3HaYeHUE TUIOTHOCTH Py,
npu temneparype 1;u aasnenuu P = P, Taxoke paccuntsiBaetes no YC (47).
TemmonpoBoAHOCTD pa3spekeHHOro ra3a A’ pacCUNTHIBAETCA 1O (hopMyJIe

)

n
0 3_
A’-10 =

(16,75 + 1,15C,°), (40)

rae A°, Br/(m'K); n°, mxITa-c; C,” - W30X0OpHas TEIIOEMKOCTh B COCTOSHHN HAEATHHOTO
raza, kJ[x/(kmons-K); M - MomapHas Macca, KI/KMOJTb.
Benuunny m° paccuutsiBaror mo Qopmyse Cruna u Tomoca (24), a uaeanbHO-

Ta30BYIO TCTUIOCMKOCTL OINPEACIIAOT 10 pa3pa60TaHH0171 HaMHu n-p-M = MCTOIUKC

(em.[1])
Kospdunuentst  C;  ypaBHenus  (39) OBLTM  anmpOKCHMHUPOBAHBI
JBYXTIapAMETPHIECKON  3aBUCHMOCTBIO  (41).  3HaveHms kodddurmenToB ¢y

TIPECTaBIIeHHI B Ta0I. 5

Ci=cio + ciiY + co(Ky, - 10) + c3V(K,, - 10) + ¢ Y2, (41)
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3nauenns koddduuuentos c¢; ypasnenns (41)

Tabnuna 5

Cy ¢ C, Cs C, Cs
co  0,204390-10%  1,680487 -2,904145 1,686053 0,838634
cil -0,695245 -1,122808 4206791 -2,740641 -1,296082
cn -0,229917 0,313671 0,190280 -0,341391 -0,264053
ci 0,116596 -0,034522 -0,597869 0,646504 0,479159
Cia 1,476049 -1,496842 -0,525802 0,549570 0,0
Bropasa ¢dopmyna (ypasHeHHe (42)) Gbina yCTaHOBJEHA B pe3yNbTaTe aHANM3a
SKCIIEPUMEHTAIBHbIX  JAHHBIX. OCHOBY TONOXKEH  SKCIICPHMEHTAIBEHO

YCTaHOBJIEHHBIH (DakT — MpAMONHHEHHbIH (THO0 ONM3KHI K HEMY) XapaKTep H30TEPM

TEIUIONPOBOJHOCTH B kUKo dasze. B GespasmepHoll (popMe HHATEPNONATMOHHOE

YPaBHCHUEC UMECT BUO

AL = A1) + Bltpa ™,

A(ty) = Ao + Ar/ty, + Ay,

B(TL) = Bo + Bl/‘lf;v.

(42)
(43)

(44)

Amnanu3s 3aBucuMocTd ko3dduruentos 4; u B; B ypasHenusx (43) u (44) nokazai,

YTO O3TH 3aBHCHMOCTHU TaKXC ABJISAIOTCA MHOFO(baKTOpHBIMI/I, HO C ,E[OCTaTO‘IHOﬁ

TOYHOCTBIO [ OOOOINEHMS MOXET ObITh HCIOJIb30BAHA JABYXIApaMETPHUECKAS

3aBucuMoctb (41). To ects ko3 duLeHTs! A; U B; ONPEAENAIOTCS TI0 yPaBHEHUAM

Ai=ap+ an¥ + ap(K, - 10) + az¥(K, - 10) + au,

Bi= by + by Y + by(K,, — 10) + b3Y(K,, — 10) + b }*.

(45)

(46)
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3nauenus Ko3QPUIUCHTOB g;; U b;; IPSACTABIICHBI B TA0M. 6.
Tabmuua 6

3Hauennsa kK0>POHIHEHTOB a;; U b;; B ypaBHEHHSX (45), (46)

ij Ao A, Ay By B

0 015519727  0,5273538  -0,39723886 -0,33422569  0,30709824
i1 024478143 2612638 23526207  1,5774289  -1.5849624
2 -0,12682638 026076327  -0,18329726  0,007405679  0,03780367
i3 054566064  -1,7456126 12611914 053715452  -0,58605539
i4 23297041 96474196  -73137163  -4,0344172  4,0298514

B Tabmuue P1 mpuBeaeHsl paccunTanHble 3HAYSHHS A HA JIMHUK HavaJia KMIEHAS
ra3oBoro KkoHjeHcara. CraHAapTHas HEONPENECNEHHOCTb PACUCTHBIX 3HAYEHHWH A

cocraBiseT 3,5%.

4.2 Tennodusnyeckue CBOMCTBA ra3oBOro KOHIEHCATA YPEHroOHCKOro
MECTOPOKAEHHA B Kuakoil ¢aze B auanaszone Ttemmneparyp 250...600 K u

nmasjennii 1060 MlIla

4.2.1 IITOTHOCTh p PACCUMTHIBANIACH IO JOKATBHOMY TEPMHUSCKOMY YDABHEHUIO
COCTOSIHHS

P=K(1) p’ + L(1) p* (47)

rae Temueparyphsie Gpynkima K(t) u L(t) onpeaenstoTes 1o ypasHEHHAM

3
K'(1)=K()/K(ro)= Y kit (48)
=
3
L) =L/t = ) I, (49)
i=1

rae npa T, < 750K, 19 =0,6;
ko =5,194997; k, = -11,56064; k, = 9,482536; k3 = -3,127349,
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ly=0,6243408; /, = 0,838046; 1/, =1,007374; I5=1,081703.

OHOpHBIC 3HAYCHU A KO3(1)(1]I/II.[I/ICHTOB onpe,uenerOTcsl O COOTHOUICHHUAM
K(o)(ps") = ko + k1 Tpe + ka[(13 — Kip)(10 — Kp)] + ks, (50)
L(o)(pa™)® = Iy + L Tpe + L[(13 — Ky)(10 — Ky)] + Lo, (51)

rae ko =29,40516; k; =-0,3175597; k, = 2,186032; k3 = 130,6964;
ly=-375,9973; 1, =1,075399; [, =3,413777; I = -212,4517.

JIng TOBBIIIEHHS TOYHOCTH PAacueTOB IPOBEAEHA KOPPEKTHPOBKA 3HAYCHUH
ko3(pdunmeHToB ypaBHeHHS (47) O SKCICPUMEHTATPHOMY 3HAYSHUIO OTHOCHTEIBHOM
IJTIOTHOCTH p420. CKOpPPEKTHPOBAHHBIE 3HAYEHHS KOI(P(PHUIIMSHTOB OMPENeIAIOTCS Mo
COOTHOLIEHHSIM: B Tabnuue P3 mpuBeAcHBI paccUMTaHHbE 3HAUEHHA W300apHOM
TEIUIOEMKOCTH TA30BOT0 KOHAEHCATa Y PEHTOMCKOTO MECTOPOKIACHUS. K= Kcor2, L =

P rie pyo’™” — 3HAYEHHE IUIOTHOCTH MpH arMocdepHOM

Lcor®, cor = 1000 p420/ P20
nasiennn (kr/M°) u Temnepatype T, = 293,15 K, paccuntannoe no ypasrenmio (47) 6e3

KOPPEKTHPOBKH K03 (PUINEHTOB.
B Tabnuue P2 mnpuBeneHsl 3HAYSHHMS IUIOTHOCTH Ta30BOTO KOHJICHCATA,

CTaHJaPTHASA HEONPENETECHHOCTh PAaCUETHBIX 3HaUeHmi cocTassier 0,80%.

4.2.2 N3o6apHas TemnoeMkocts C, paccunTsIBanach no ypasaermsam (8) u (47) ¢
HCIOJIp30BanreM armapara auddepenmansaoi TepMoanHamMuka [30].

B uacTHOCTH, U3 YpaBHEeHHUs cocTossHHA B hopme (47) cnexyer

Cop, 1) = Colpr, 1) + TIK * + L p%)/(2Kp” + 8Lp%) —
(K 'pi2+ L piI2Kp:® +8Lpy°") =K "(p - p) — L (0" - p1")/ 7], (48)
IJe HUKHMA WHIEKC «1» OTHOCHT COOTBETCTBYIOIIEE CBOMCTBO K armocdepHOMY

JTABIEHHUIO, TMOO0 AABJICHHIIO HACBILCHHS, K, L,K ,L ,K ,I. — COOTBETCTBEHHO
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TemneparypHble (QYHKUUHM ypaBHEHWS coCTOosiHMsA (47) W WX TEpBBIE W BTOPHIE
NIPOU3BOJHBIE.

B tabnnne P3 npuBemeHbl paccuMTaHHbIC 3HAUEHUA U300apHOH TEIIOEMKOCTH
ra3oBOro KOHICHCATa YpeHroiickoro MECTOPOXKICHHS. CranpaprHas

HEOTPEIENEHHOCTh PACUETHRIX 3HaueHU M cocTasiseT 1,22%.

4.2.3 Duranprma H(PT) u surpomus S(PT) paccUHTHBANCH O yYPaBHEHHIO
coctostHuA (47) ¢ uCnonp3oBaHMeM MG depeHINATPHBIX YPaBHEHUH TEPMOIMHAMHKH
[30] u ypasuenwuit (10) u (12).

B wactHOCTH 13 ypaBHEHUS cocTosiHuA B hopme (47) cnenyer
h(p, T)-h(p1.T) = (2K(T) - TK(T))p + (8L(T) — TL(T))p"/7 — 2K(T) - TK(T))p; + (8I(T) —
TL(T))p,"/7 (49)

S(p,T)-8(p1,T) = -(K(T)p + L(T))p"/7 - K(T) p1 - L(T)) p1"/7 (50)

B Tabmumax P4 w PS5 mpuBeneHsl paccUMTaHHBIE 3HAYECHHS COOTBETCTBEHHO
SHTANBIIMM W SBHTPONIMH Ta30BOro KoHaeHcara. CTaHAapTHasd HEOHPEACICHHOCTB
pacuernsix snauennit H(P, T) m S(P, T) cocraBistor cOOTBETCTBEHHO 2,7 K/DK/KT M

0,009 xJx/(kr-K).

4.2.4 Koshduruent muHammueckoit Bsaskoctw mM(P,T) rasosoro konaeHcata
PaCCUMTHIBATM KaK CpelHee Pe3ysIbTaToB, MojydeHHbIX 1o ¢opmynam (22) u (33). B
Tabmuite PG mpuBeneHBI pe3ysbTaThl pacuera. CraHmapTHas HEONPEAEIIEHHOCTh

PacYeTHBIX 3HAUEHHH cocTasieT 8,5%.

4.2.5 Kosdppuuuenr Ttemromposomuoct A (P, T) razoBoro KoHAeHCATa
PacCUMTBIBAJICS KaK CPEJHEE PE3yNbTAaTOB, MOMYyYeHHEIX 10 dopmyiam (38) u (42). B
tabnuue P7 mnpuBemensl pesynbrarhl pacdyera. CraHmapTHAs HEOIPEACTCHHOCTD

pacueTHBIX 3HaUeHHi cocTasiieT 3,0%.



Tennoduznueckue cBOCTBA ra30BOr0 KOHACHCATa Y PEHIOMCKOI0 MECTOPOIKACHUS

Ha JIMHUHX HACBIIICHHUA

Tabnuua P1

s Ah} Asy 210",

T,K p, MITa P, Kr/™M Cp. KLx/(krK) [ h, xJIa/xr s. kJDx/(kr'K) o, MH/M 1, Mxlla-c

kJLK/KD kJDx/(krK) Br/(mK)
250 1,420- 107 802,95 1,9117 -100,8 -0,2496 416,8 1,707 27,84 1689,7 1209,7
260 3,193'10'4 795,63 1,9389 *81,52 -0,1997 4123 1,626 26,92 13489 1201,5
270 6,662 10 788,23 1,9684 -61,76 -0,1498 407,7 1,55 26,02 1110,1 1190,8
280 1,301'10'3 780,75 1,9999 -41,58 -0,0998 403,0 1,478 25,11 935,59 1177,8
290 2,398'10'3 773,19 2,0333 -20,99 -0,0499 398,2 1,412 24,22 803,51 1162,8
300 4,195'10'3 765,55 2,0684 0 0 3933 1,349 23,32 700,39 11462
310 7,005+ 107 757,82 2,1051 21,40 0,0498 388,4 1,290 22,43 618,00 1128,4
320 1,122'10'2 750,00 2,1433 43,20 0,0997 383,3 1,234 21,55 550,69 1109,4
330 1,731 1072 742,07 2,1828 65,41 0,1494 378,1 1,181 20,67 49473 1089,8
340 2,583'10'2 734,04 2,2236 88,01 0,1991 372,9 1,131 19,80 447,54 1069,5
350 3,738'10'2 725,90 2,2655 111,0 0,2487 367,4 1,083 18,93 407,17 1048,8
360 5,262- 1072 717,64 2,3085 1344 0,2982 3619 1,038 18,07 372,19 10279
370 7,224'10'2 709,25 2,3524 1582 0,3476 356,2 0,9947 17,21 341,63 1006,9
380 9,694-1 07 700,72 2,3972 182.3 0,3969 3504 0,9529 16,36 314,70 985,80
390 0,1274 692,05 2,4428 206,9 0,4460 3445 09127 15,51 290,74 964,73

24




[Ipooonacenue madauyvr P1

T.K p. MITa p.xrAc | e ’IRGrK) | hxxr | s, kI/(rK) . As7. o, MH/M . MxTTarc 105
ke W/ (xrK) Br/(K)
400 0,1643 683,22 2,4892 231,9 0,4950 3383 0,8740 16,68 269,31 943 74
410 0,2083 674,23 2,5362 2573 0,5439 332,0 0,8367 13,85 250,02 922,86
420 0,2598 665,04 2,5840 283.1 0,5927 3255 0,8006 13,2 232,59 902,13
430 0,3193 655,66 2,6324 309,3 0,6412 318,7 0,7656 12,21 216,73 881,55
440 0,3873 646,06 2,6816 3359 0,6897 311,8 0,7316 11,40 202,22 861,15
450 0,4639 636,22 2,7314 362,9 0,7380 304,6 0,6985 10,60 188,95 840,91
460 0,5494 626,11 2.7821 3903 0,7861 2971 0,6661 9817 176,70 820,86
470 0,6438 615,71 2,8338 4182 0,8340 2893 0,6344 9,038 165,39 800,96
480 0,7472 604,97 2,8866 446,6 0,8818 281,1 0,6032 8,269 154,88 781,33
490 0,85928 593,86 2,9411 4754 0,9294 2726 0,5724 7,511 145,08 761,63
500 0,97997 582,33 2,9976 504,7 0,9768 263.,6 0,5419 6,764 135,91 742,16
510 1,1089 570,30 3,0569 5345 1,024 254,1 0,5115 6,031 127,29 72536
520 1,2459 557,71 3,1203 565,0 1,071 244.0 0,4811 5,312 119,15 706,69
530 1,3904 54443 3,1896 596,0 0,117 2332 0,4505 4,608 111,42 688,04
540 1,5420 530,33 3,2677 627,7 1,164 2215 0,4194 3,922 104,05 669,33
550 1,7003 515,20 3,3595 660,3 1,211 208,8 0,3874 3,255 96,962 650,46
560 1,8647 498,77 3,4739 693,8 1,257 194,7 0,3542 2,610 90,105 631,27
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Oxonvanue mabnuyor P1

Ah- As} 210%,
T,K p, MIla P, ki Cp. KLx/(krK) [ h, xJIa/kr s, kIx/(xrK) o, MH/M 1, Mkl la-c

K/DK/KT & Jlk/(xkrK) Br/(m'K)
570 2,0348 480,58 3,06282 728,5 1,303 178,7 0,3188 1,991 83,401 611,52
580 1,420- 10* 802,95 1,9117 -100,8 -0,2496 416,8 1,707 27,84 1689,7 1209,7
590 3,193'10'4 795,63 1,9389 *81,52 -0,1997 4123 1,626 26,92 1348,9 1201,5
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Tabmuna P4

V nenpHas SHTaIBINSA ra30BOro KOHACHCATa YPGHFOP'ICKOFO MCCTOPOXKACHHA, K,H)K/Kl"

Hasaenue p, MIla

T.K 0,1 1,0 3,0 5,0 10 20 40 60

250 | -100,8 | -9991 | -9808 | 9617 | -9L47 | -81,99 | -62,92 | -43,70
260 | -81,52 | -80,69 | -7883 | -76,99 | -72.29 | -62,88 | -43,85 | -24.65
270 | -61,76 | -60,94 | -5907 | -5721 | -52,56 | -4321 | -2428 | -5.145
280 | -41,58 | -40,73 | -38,90 | -37,08 | -32.47 | -23,15 | -4330 14,78
200 | 2099 | 20,16 | -1834 | -16553 | -11,96 | -2.725 16,00 35,05
300 0 0,7979 | 2,561 4364 8,891 18,06 36,74 55,70
310 214 22,20 23,97 25,75 30,22 39,29 57,87 76,82
320 132 44,00 45,73 47,48 51,90 60,92 79,35 98,24
330 65,41 66,17 67,88 69,62 74,01 82,93 101,2 120,0
340 88,01 88.76 90,44 92,15 96,46 105,2 123,4 1421
350 111,0 111,7 113,4 115,0 1192 128,0 146,1 164,7
360 134.4 135,1 136,7 138,3 142,5 151,1 169,1 187.,6
370 158,2 158,9 160,4 162,0 166,1 174,6 192,4 210,9
380 182,3 182,9 184,5 186,0 190,0 198.4 216,1 2345
390 - 208,2 209,7 2112 215,1 2233 2408 259.2
400 - 233,1 234,5 236,0 239.8 2479 265,2 283,5
410 - 258.4 259.8 2612 264.9 272.8 290,0 308,1
420 - 284,1 2854 2868 290,4 208,1 315,1 3332
430 - 310,2 3115 312,8 316,2 323,7 340,5 358.5
440 - 336,8 337,9 339,1 342,4 349,7 366,3 3842
450 - 363.,6 364,7 365.8 368.9 376,0 3924 4102
460 - 390,9 3918 392,9 395.8 402,7 4188 436,5
470 - 418,7 419.5 4204 423,1 429.7 445.6 463,2
480 - 721,7 995.9 4483 4508 457.1 472.7 490,2
490 - 4755 476,0 476.,6 478.8 484.8 500,1 517.5
500 - 504,6 504.8 5053 507,1 512,8 527.8 5451
510 - - 534,1 534,4 5359 5412 555.8 572,9
520 - - 564,1 5641 565.1 570,0 5843 601,3
530 - - 5944 5941 5947 599.1 613,0 6298
540 - - 6254 624.7 624,7 628.5 642,1 658,7
550 - - 657,1 656,0 6553 658.5 671,6 688.,0
560 - - 689,58 | 6878 686,4 688,9 7015 17,7
570 - - 722.9 720,5 718,2 719,9 731,9 7478
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Tabnuua P5

VY nenbHast SHTPONUSI ra30BOr0 KOHAeHcara Y peHroiickoro Mectopoxaenus, kJHx/(kr-K)

T K Jasnenue p, MIla
’ 0,1 1,0 3,0 5,0 10 20 40 60

250 -0,2496 | -0,2506 | -0,2527 | -0,2549 | -0,2602 | -0,2703 | -0,2888 | -0,3057
260 -0,1997 | -0,2001 | -0,2030 | -0,2052 | -0,2106 | -0,2209 | -0,2398 | -0,2569
270 -0,1498 | -0,1508 | -0,1532 | -0,1554 | -0,1610 | -0,1716 | -0,1908

280 -0,0998 | -0,1010 | -0,1033 | -0,1057 | -0,1114 | -0,1222 | -0,1419 | -0,1595
290 -0,0499 | -0,0509 | -0,0535 | -0,0558 | -0,0616 | -0,0729 | -0,0928 | -0,1107
300 0 -0,001 -0,0036 | -0,0010 | -0,0122 | -0,0235 | -0,0410 | -0,0621
310 0,0498 0,0485 0,0459 0,0433 0,0371 0,0254 0,0043 | -0,0138
320 | 0,0999 | 0,0984 | 0,0957 | 0,0930 | 00865 | 0,0745 | 0,0531 | 0,0345
330 0,1494 0,1481 0,1452 0,1425 0,1357 0,1233 0,1015 0,0826
340 0,1991 0,1978 0,1948 0,1919 0,1850 0,1122 0,1498 0,1306
350 0,2487 0,2473 0,2442 0,2412 0,2340 0,2207 0,1977 0,1783
360 | 02982 | 02967 | 02935 | 02904 | 02829 | 02692 | 02456 | 0,2258
370 0,3476 0,3460 0,3426 0,3393 0,3315 0,3173 0,2932 0,2730
380 0,3969 0,3952 0,3917 0,3883 0,3801 0,3654 0,3406 0,3200
390 - 0,4425 0,4388 0,4352 0,4266 0,4113 0,3858 0,3648
400 - 0,4913 | 04874 | 04835 | 04746 | 04587 | 04324 | 04110
410 - 0,5401 0,5359 0,5318 0,5224 0,5058 0,4787 0,4569
420 - 0,5887 0,5842 0,5799 0,5700 0,5527 0,5247 0,5023
430 - 0,6369 | 0,6321 | 0,6276 | 0,6171 | 055989 | 05700 | 0,5471
440 - 0,6851 0,6800 0,6751 0,6640 0,6449 0,6150 0,5916
450 - 0,7331 0,7276 0,7223 0,7105 0,6904 0,6594 0,6354
460 - 0,7807 0,7747 0,7691 0,7565 0,7354 0,7032 0,6785
470 - 0,8282 | 08217 | 08156 | 08021 | 0,7798 | 0,7463 | 0,7209
480 - 0,8755 0,8685 0,8619 0,8473 0,8237 0,7888 0,7627
490 - 0,9229 0,9150 0,9077 0,8920 0,8669 0,8305 0,8037
500 - - 0,9610 0,9531 0,9361 0,9094 0,8713 0,8436
510 - - 1,0068 0,9980 0,9794 0,9509 09111 0,8825
520 - - 1,0521 1,0423 1,022 0,9915 0,9497 0,9201
530 - - 1,0962 1,0852 1,0628 1,0301 0,9862 0,9555
540 - - 1,141 1,1286 | 11038 | 10686 | 1,0225 | 0,9906
550 - - 1,1854 1,1712 1,1436 1,1056 1,057 1,0239
560 - - 1,2284 1,2119 1,1810 1,1398 1,0885 1,0541
570 - - 1,2703 1,251 1,2162 1,1714 1,1172 1,0813
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Bs3kocTb ra30B0ro KOHAEHCATa Y PEHIOMCKOro MecTopoxkaeHus, Mxlla-c

Tabnuua P6

[Jasnenue p, MIla

T.K 0,1 1,0 3.0 5.0 10 20 40 60

250 16303 | 1647,0 | 16847 | 1722,6 | 18198 | 20242 | 24804 | 3012.1
260 13049 | 1317,9 | 13473 | 13772 | 14526 | 1610,1 | 19567 | 23532
270 1074,8 | 10857 | 11093 | 11333 | 1193,9 | 1320,7 | 15952 | 1903,9
280 90554 | 91450 | 93427 | 95414 | 10045 | 11090 | 13339 | 1582,6
290 776,75 | 78434 | 801,05 | 81804 | 861,03 | 94950 | 11382 | 1344,6
300 675,97 | 68251 | 69720 | 711,97 | 749,12 | 82557 | 98742 | 1162,6
310 59541 | 60125 | 614,08 | 627,10 | 65994 | 727,16 | 868,19 | 10196
320 520,64 | 53481 | 54635 | 557,96 | 58732 | 647,12 | 771,97 | 905.06
330 475,04 | 479.66 | 490,14 | 500,68 | 527,18 | 581,03 | 69291 | 811,25
340 428,99 | 43331 | 44288 | 45245 | 476,65 | 52574 | 62694 | 733,41
350 380,74 | 393,72 | 402,53 | 411,41 | 433,65 | 478,71 | 57128 | 667,81
360 35587 | 35956 | 367,82 | 37604 | 396,72 | 43835 | 523,58 | 611,99
370 326,36 | 32985 | 337,53 | 34527 | 364,54 | 40337 | 48241 | 564,03
380 300,46 | 303,71 | 311,01 | 31825 | 336,42 | 372,83 | 446,65 | 522,36
390 - 280,60 | 28752 | 29439 | 311,59 | 34595 | 41523 | 48593
400 ) 260,04 | 266,61 | 273,18 | 28956 | 322,17 | 387,59 | 453.95
410 - 24155 | 24791 | 25421 | 269,88 | 300,97 | 363,05 | 42575
420 - 22494 | 231,04 | 237,13 | 25222 | 282,07 | 34127 | 400,73
430 ) 20985 | 21581 | 221,71 | 23631 | 26509 | 321,84 | 378,52
440 ; 196,13 | 201,95 | 207,71 | 22193 | 24978 | 30446 | 358,77
450 - 183,58 | 18930 | 19495 | 208,86 | 236,02 | 28890 | 341,12
460 - 172,07 | 177,72 | 18330 | 19699 | 223,53 | 27497 | 32547
470 ] 161,42 | 167,06 | 172,60 | 186,13 | 21226 | 262,50 | 311,52
480 - 151,58 | 15722 | 162,75 | 17622 | 202,07 | 25139 | 29922
490 - 14239 | 148,10 | 153,66 | 167,15 | 19284 | 24154 | 27081
500 ) 133,80 | 139,60 | 14525 | 15884 | 18455 | 21873 | 257.84
510 ; ; 131,67 | 137,44 | 15123 | 177,12 | 20831 | 24590
520 - - 12423 | 130,17 | 14427 | 16026 | 19871 | 234386
530 - - 11723 | 123,40 | 137,04 | 15241 | 189,82 | 22470
540 ; _ 110,61 | 117,09 | 13226 | 14507 | 181,57 | 21526
550 ) ) 10431 | 11123 | 117,50 | 13822 | 173,92 | 20651
560 - - 98330 | 98870 | 111,16 | 131,79 | 166,75 | 19838
570 - - 92,598 | 92,594 | 105,16 | 125775 | 160,08 | 190,80
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Tabnuua P7

& 4
TeronpoBOAHOCTE rA30BOr0 KOHAEHCAaTa Y PeHroiickoro mecroposkaenst A- 107, Br/(m'K)

Hasnenne p, MIla

T.K 0,1 1,0 3.0 5.0 10 20 40 60

250 | 11961 | 11984 | 12034 | 12083 | 12203 | 12435 | 12869 | 13267
260 | 11909 | 11933 | 11987 | 12041 | 12170 | 12418 | 12881 | 13306
270 | 11823 | 11850 | 1190,7 | 11963 | 1210,1 | 1236,7 | 12859 | 1330,9
280 | 11707 | 11735 | 11796 | 11856 | 12003 | 12284 | 12804 | 13277
200 | 1156,6 | 11596 | 11660 | 11724 | 11880 | 12176 | 12723 | 1321,8
300 | 11404 | 11435 | 11504 | 11572 | 11735 | 12047 | 12619 | 13136
310 | 11227 | 11260 | 11332 | 11402 | 11575 | 11902 | 12497 | 13033
320 | 11038 | 11072 | 11147 | 11221 | 11402 | 11742 | 12360 | 12916
330 | 10839 | 10874 | 10953 | 1103,1 | 11219 | 11573 | 12214 | 12786
340 | 10634 | 10672 | 10754 | 1083,4 | 1103,1 | 11399 | 12059 | 12649
350 | 10425 | 10464 | 10550 | 1063,4 | 10838 | 1121,9 | 11901 | 12504
360 | 10214 | 10255 | 10345 | 10432 | 10644 | 11038 | 11739 | 12357
370 | 10002 | 10045 | 1013,8 | 1023,0 | 10449 | 10856 | 11575 | 12207
380 | 979,13 | 983,57 | 99336 | 1002,8 | 10255 | 10675 | 11413 | 12057
390 - 962,17 | 972,93 | 982,76 | 10063 | 1049,6 | 11251 | 1190,7
400 ) 94222 | 952,73 | 962,98 | 98737 | 1031,9 | 1109,1 | 11758
410 - 921,78 | 932,82 | 94346 | 968,69 | 10144 | 10934 | 11612
420 - 901,72 | 913,11 | 924,18 | 95031 | 997,48 | 1078,01 | 11468
430 ) 881,82 | 893,79 | 90526 | 93228 | 980.77 | 10629 | 11327
440 ; 86225 | 874,70 | 886,65 | 914,63 | 96439 | 10481 | 11189
450 - 84203 | 85593 | 86833 | 89730 | 94849 | 1033,7 | 11053
460 - 823,90 | 837,46 | 850,38 | 88038 | 93287 | 1019,6 | 1092,1
470 ] 805,03 | 81926 | 83271 | 863.75 | 917.67 | 10059 | 1079,1
480 - 786,42 | 80131 | 81534 | 84749 | 902,88 | 99259 | 10665
490 - 767,91 | 783,58 | 79825 | 831,61 | 88838 | 979,54 | 1054,1
500 ) 74951 | 766,03 | 78140 | 816,00 | 87428 | 966,81 | 1042,0
510 ; ; 748,63 | 764,78 | 800,73 | 860,51 | 95432 | 10302
520 - - 73137 | 74833 | 785,70 | 847,03 | 942,12 | 10185
530 - - 714,16 | 732,03 | 770,93 | 833,86 | 93020 | 10071
540 ; _ 696,94 | 71586 | 75643 | 82096 | 918.48 | 99582
550 ) ) 679.63 | 699,79 | 742,12 | 80831 | 907.00 | 984,67
560 - - 66221 | 683,71 | 728,03 | 79586 | 895,64 | 973,66
570 - - 644,47 | 66764 | 714,14 | 783,66 | 88448 | 962,72
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Tabnuua P3

H3o6apHast TEINIOEMKOCTb ra30BOr0 KOHACHCATa Y PEHIOHCKOr0 MECTOPOKACHUS

Tennoemkocts C,, KJDx/(kr - K), npu nasnenuu p, MIla

T.K 0,1 1,0 3.0 5.0 10 20 40 60

250 | 19117 | 19111 | 19098 | 19052 | 19057 | 19008 | 1,8939 | 1.,8896
260 | 19389 | 19382 | 19368 | 1,9355 | 19323 | 1,9270 | 19195 | 1,9148
270 | 19684 | 19676 | 19660 | 19645 | 19611 | 19553 | 19472 | 1,9422
280 | 19999 | 1,9990 | 19973 | 1,9956 | 19918 | 19856 | 19769 | 19716
200 | 20333 | 2,0324 | 10305 | 2,0287 | 20246 | 2,0177 | 2,0085 | 2,0029
300 | 20684 | 20674 | 20653 | 2,0633 | 20588 | 2,0515 | 2,0415 | 2,0357
310 | 21051 | 2,1040 | 21016 | 2,0994 | 20945 | 2,0866 | 20760 | 2,0699
320 | 21433 | 21420 | 21395 | 21371 | 21317 | 2,1231 | 2,1119 | 2.1056
330 | 21828 | 2,1814 | 21786 | 2,1760 | 21701 | 2,169 | 21490 | 2,1424
340 | 22236 | 22221 | 22190 | 22161 | 22097 | 2,1998 | 2,1872 | 2,1804
350 | 22655 | 22638 | 22604 | 22573 | 22503 | 22396 | 22264 | 22193
360 | 23085 | 23067 | 23029 | 22994 | 22918 | 22803 | 22664 | 22590
370 | 23524 | 23503 | 29461 | 23423 | 23340 | 3215 | 23070 | 2,2994
380 | 23972 | 2,3950 | 23903 | 23861 | 23770 | 23637 | 23483 | 23405
390 - 24376 | 24324 | 24278 | 24178 | 24035 | 23872 | 23792
400 - 24835 | 24777 | 24725 | 24616 | 24462 | 24291 | 24208
410 - 25298 | 25233 | 25175 | 2,5055 | 24888 | 24708 | 24623
420 - 25769 | 2,5696 | 25631 | 2,5498 | 25318 | 2,5129 | 2,5040
430 - 26243 | 26159 | 26087 | 25741 | 25745 | 25545 | 2,5453
440 - 26723 | 2,6628 | 26547 | 2,6384 | 26172 | 2,5960 | 2.864
450 - 27207 | 2,7099 | 277006 | 2,6825 | 26594 | 2,6369 | 2,6269
460 - 27697 | 2,7572 | 277466 | 2,7263 | 2,7011 | 2,6773 | 2,6667
470 - 28195 | 28049 | 27928 | 27700 | 27425 | 27170 | 2,7058
480 - 28698 | 28529 | 28380 | 28131 | 27828 | 27555 | 2,7436
490 - 20218 | 29014 | 28851 | 2,8558 | 2,8225 | 2,7932 | 2,7804
500 - 29752 | 29507 | 29315 | 2.8980 | 2.8611 | 2.8296 | 2,8159
510 - - 3,0009 | 29783 | 29396 | 2.8997 | 28646 | 2,8498
520 - - 3,0531 | 3,0260 | 2,9813 | 29356 | 2,898 | 28825
530 - - 3,1083 | 3,0753 | 3,0231 | 29721 | 2,9317 | 29142
540 - - 31678 | 3.1274 | 3,0662 | 3,0080 | 29647 | 29454
550 - - 32352 | 3,1847 | 3,1123 | 3,0479 | 29995 | 29785
560 - - 33162 | 32524 | 3,1661 | 3,0933 | 3,0401 | 3,0170
570 - - 34230 | 3,3410 | 372374 | 3,1549 | 3,0962 | 3,0707
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ILnoTHOCTH ra30BOro KOHAEHCATa Y PEHrONCKOrO MECTOPOXKACHHS

Tabnuua P2

ILnoTHOCTS P, KO/M, pu aasaeHuu p, MIda

T.K 0,1 1,0 3.0 5.0 10 20 40 60

250 | 805,00 | 805,52 | 506,67 | 807.80 | 810,58 | 81590 | 82570 | 834.59
260 | 797,12 | 797,68 | 79889 | 800,10 | 803,03 | 808,63 | 81891 | 828,18
270 | 78922 | 789,81 | 791,10 | 79237 | 79548 | 80138 | 812,16 | 821,83
280 | 78129 | 781,91 | 78328 | 78491 | 79491 | 79414 | 80544 | 81553
200 | 77332 | 773,98 | 77543 | 776,86 | 78034 | 78690 | 79876 | 80927
300 | 76530 | 766,00 | 767,55 | 769.06 | 772,74 | 779,67 | 792,10 | 803,06
310 | 75723 | 757,98 | 759,62 | 76123 | 76513 | 77244 | 78548 | 796,90
320 | 74911 | 74990 | 751,65 | 75337 | 75750 | 76522 | 77890 | 790,79
330 | 74092 | 741,77 | 743,63 | 74546 | 74984 | 75800 | 77234 | 784.73
340 | 732,66 | 733,57 | 73556 | 737,50 | 742,16 | 750,78 | 76581 | 778,71
350 | 72433 | 72530 | 72742 | 72949 | 73445 | 743555 | 75932 | 772,74
360 | 71591 | 71695 | 71922 | 72143 | 726,70 | 73633 | 752,86 | 766.82
370 | 70740 | 70852 | 710,95 | 713,30 | 71801 | 729,10 | 74643 | 760,94
380 | 698,79 | 699,99 | 702,59 | 705,11 | 711,09 | 721,87 | 740,04 | 755,12
390 - 69135 | 694,15 | 69685 | 70322 | 71463 | 733,67 | 74934
400 ) 682,60 | 68561 | 68850 | 69530 | 70739 | 72734 | 743,60
410 - 673,72 | 676,96 | 680,07 | 687,34 | 700,15 | 721,05 | 737,92
420 - 664,69 | 668,19 | 671,54 | 67931 | 69289 | 714,78 | 73228
430 ) 655,50 | 65929 | 662,89 | 67123 | 685.63 | 70855 | 726,69
440 ; 646,12 | 65024 | 65413 | 663,07 | 67835 | 70236 | 721,14
450 - 636,54 | 641,02 | 64524 | 65484 | 671,06 | 696,19 | 715,65
460 - 626,73 | 631,62 | 636,19 | 64653 | 663,76 | 690,06 | 710,19
470 ] 616,64 | 622,00 | 62698 | 63812 | 65644 | 68396 | 70478
480 - 60624 | 612,14 | 617,58 | 629,61 | 649.10 | 67788 | 699,40
490 - 59548 | 602,01 | 607,97 | 620,99 | 641,73 | 671,84 | 694,07
500 ) 58429 | 59155 | 59811 | 61224 | 63434 | 66582 | 688,78
510 ; ; 580,72 | 587,97 | 603,65 | 62691 | 659.82 | 683,52
520 - - 56945 | 577,51 | 594.29 61944 | 65385 | 67829
530 - - 55767 | 566,68 | 58506 | 61192 | 64789 | 673,09
540 ; _ 54528 | 55542 | 57562 | 60435 | 64194 | 66791
550 ) ) 532,14 | 543,66 | 56596 | 596,72 | 636,00 | 662,76
560 - - 518,11 | 531,31 | 556,04 | 589.02 | 630,07 | 657,62
570 - - 502,96 | 51828 | 54583 | 58124 | 624,13 | 652,50
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5. 3akirouenue

Tabnumpl  Temopu3nUecKuX CBOMCTB Ta30BOTO KOHJACHCATa YPEHIOHCKOro
Fa30KOHACHCATHOrO MECTOPOXIcHHA Tadnuupl P1 — P7 paccunransl o ypasHEHHAM H
METOJMKaM, pa3pabOTaHHBIM Ha OCHOBE AHAIM3A JTOCTOBEPHBIX SKCICPHUMEHTAJIbHBIX
JAHHBIX O CBOHMCTBaxX He(TH, HePTEMPOAYKTOB, ra30BHIX KOHJCHCATOB M HX (hpaKIIuii,

YIri€BoOa4OpOaOB, H B HACTOAIICC BPEMA ABJIAIOTCA CAMHCTBCHHBIMH.
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