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cusrrOM TR .• HS.uATION GDA· 

TH' AL CONDUCTIVITY OF S BONS AT VARIOUS T 1PERA U ES 

AHD HIGH PR'SSURES 

Ya . M. Naziev and I . F . Golubev 

Translated from Izvestiya kddemii Nauk Azer baidzhnnskoi SSR, Seriya 
p'O . 11 3- 11 f . 

fiziko-matenaticheskikh i tekhnicheskikh nauk, Xmi No. 6 'iJune , 1962. 

""-OW 

The considerable amount of ex erimental material which h8~been 

~thered to_ether in connection with the thermal conductivitv 0 

satur~ted hydroc~rbon6 at variou~ te~peratures and hi h pressures 
ca..Us ro ... I:4.e 3e....e..-o.ll'XAl-~ '*-
Qqa~19a UP \9 reeRepalise such data . 

Various research wor ers have determinedtne therm I conduct-

ivity of methane up to 500 /6, 8 , 11, 1l~ , 1S/, em eth e up to 

270 /11, 13, 15/, propane up to 292 /13/, n-but~ne up to 1132 /12/ , 

2 
and n-heaxane, n-heptane, and n-octane up to 500 kg/cm /5/ . 

There is alar e number of theoretical and empiric~l formul s 

oxpressin the temperature and pressure dependence of thernal 

conductivity . The applicability of the majority of these formulas 

~sla .. ':ch.cL 
iSLf or vari~us reasons lil'li:.tea. 

In order to correlate and generalize ~ ex erimental dat~ ~~b~~ 

~ the thermal conductivitv of ases ) we mav use a f unction I re-

lationship obt~ined on the principle of corresponding s t a t es i n 

the f orm 

••••• • p . 113 (I) 



2 

where ••••• i S the thermal conductivity at nressure p and tern erature t, 

••••• is the thermal conductivity at atmospheric uressure and 

temperature t , 

••.•• is the reduced pressure ••••• , and 

••••• is the reduced temperature •••••• 

~e verified relation (1) for saturated hydrocqrbons (Fi • 1) . 

In order to pae± plot the graph corresponding to rel~tion (1) , the 

ex eriM~ntal data were first interpolated to the same v~lues of 

. reduc ed temperatures • The raphs were plotted for isotherms 

••••• and 1 . 2 in the pressure ran e • • ••• = 1 to 16 . The v ues of 

ere taken from /4/ . 

e see from Fig . 1 that the la~ o~ correspondin states onl 

gives a qualitative picture of the variation in the thermal con-

dllctivity of saturated hydrocarbons with temperature and pressure 

the isotherms mf for the same ••••• differ conside ably xxom for 

different hydrocarbons . At the same time, the discrepancies become 

much smaller as the reduced temperature .•••• and the atomicity of 

the hydrocarbons increase . 

o.lso herris l another mlationship linking the thermal con uctivitv 

of liquids and gases with the specific gravity: 

••• •• R . p . 114 

where ••••• is the specific heat of the li,"uid or as . 

vve verified this relatLmship by ~ttin a '-raph in coord-

inates of ••.•• for methane, ethane, propane, n-but~ne, n-hexane, 

n-heptane , and n-oct~ne for all ranges of pressure nd temperature 

studied . The values of •• . . • were taken from /7, 10 , 17/ . 
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Fig . 1 . 
Dependence of ~~ 
RKx~xx~Ks~ . . .. . for saturated hydrocar~ons on the 

reduced pressure • • ••• for various reduced tempera ture,S. • • .• • 

Key 

1) Me:thnne 

2) Ethane 

3) Propane 

q) n-Butane 

5) n- hexane 

6) n-Heptane 

7) n-Octane 

igure 2 shows one of the ~raphs (for n - hexane) re resentin~ 

relation (2) ; for the other hydrocarbons taep e ~p e simil r 

Table 1 ives the re ation between •• • .. ~nd ••••• for the sat -

ur ted hyd r ocarbon' s in question . We constructed this table b 

analyzin experimental data . 

11 the experimental points fit neatly on a sin 'e avera e' 
curve of the kind represented by (2) . 

~~Ii-

TheLscatter of t' ese points 

on either side of the most probable curve joinin the experimental 

ettua.1.s 
results a v epameo 2 to 3/ for eacn h droc'\rbon . The reatest de-

mx» viation occurs for the g~seous state . 

'i • 2 . hermal conductivity of n-hexane as a unction of s e-

cific ~ravity . 

J:.ey 

1) cal/cm . sec . de 

2 ) I cm3 

3) tK ~n PK 
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Corresponding to relation (?) , iI . D . Var aftik /2/ pro osed 

the follovin~ empirical equation 

..... ... . p . 114 

where B and n are constants determined xperiment~lly for each 

substance . 

Our own calculations and those of other authors show th t 

equation (3) is only valid over a limited range of.s ~ecific ravity • 

. generali7in relationship between t~ermal conductivit.r ~n 

s ecific ravity may be obtained for the cl ss of saturated h, -

mdrocarbons by usin~ the law of correspondin states in the s me 

CA5e 
vlayas in the J of the temperature and pressure de en ence of the 

viscosity of Rases and liquids /3/ . 

Table 1 

Thermal Conductivity of S turated Hydrocarbons s 

Specific Gravity •••.• cal/cm. sec . oC 

Ke 

1) Icm3 

2) I-Lthne 

3) .e.thane 

) Propane 

5) n-Butane 

6) n-Hexane 

7) n-Heptane 

8) n-Octane 

Function of 

ccordin" to the rinciple 0 correspon in st tes we m 

suppose that the values o f ••••• ex re~sed as ~ unction OJ ••••• 

w;ll lie on the same curve for all alkanes . 
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Here ••••• is the ther~al conductivity at the critical t mper-

ature and ressure, 

••••. is the ther al conductiv "ty at atmospheric pressure and the 

critical te~perature , and 

.•..• jn the specific ~ravity at the critical temperature and 

pressure . 

In order to apply this relationship, we must first of all know 

the value of ••••. for each hydrocarbon . This qu, ntity ma be 

found from the raphs of relationship ('» if we know the v l'le 

of the specific gravity at the critical point . 

Table 2 

Critical Qu'~tities for the Saturated Hydrocarbons 

Key 

1) Hydrocarbons 

2) Neth ne 

3) Ethane 

4) lropane 

5) n-Butane 

6) n-Pentane 

7) n-Hexane 

8) n - Hentane 

9) n-Octane 

10) Critical pressure, a s . atm . 

11) Critical temperature , oK 

12) /cm3 

13) cRl/cm . sec . oC 

• 
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Table 2 shows mIX our values of the critic~l parameters or the 

alkanes . 

Fi~ure 3 represents the relationshi p 

•..•• R. p . 116 

from which we see that all the _xperimental data for the saturated 

hydrocarbons lie on the same strai ht line with an aver e deviat -

ion of ~3/~ ' i . e ., within the measurin errors admi sible in the 

experi ments . Thus we have an extremel) ood confirmation of the 

law of corresponding states for the class of satur ted h droc rb ons 

in coor dinates ••••• 

Fig . 3. Ther~al conductivity of satur ted h drocarbon~ in co-

ordinates ••• " . • 

Key 

1) methane 

~) ethane 

3) propane 

4) n - butane 

5) n - hexane 

6) n - heptane 

7) n - octane 

(4) 

After an~lyzing the similarity conditions of molecular processes, 

eneralization of exper~~ental data • G. Usmanov /9/ pro -

osed the foll o 'ing functional relationshi p 

•••• • R. p . 116 

where s1 and s2 are the absolute v~lues of the entro y of the gas 

ut tenperatures t 1 and t 2 , 

fS") 
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R is the universal gas constant, 

••••• is the scaling thermal flux corresponding to change of 

entropy • •••• , 

q is the thermal flux corresponding to an entropy change s - s1 ' 

q = ••••• • 

~e used relationship (5) to correlate ±kw ex erimental data re-

latin to the thermal conductivity of n - hexane and n-heptane . For 

the thermRl conductivity of methane a similar correlation hqd already 

been carried out by Usmanov /9/ , who obtained an excellent result . 

Fig . 4 . Relation between •••.. and ••••• for n-hexane . 

Key 

1) kcal/mole . deg 
2 

2) kg/cm 

A similar operation for ethane , propane , and n-butane was im-

possible , since data relating to the thermal conductivity of these 

hydrocarbons embr~ced onl a small temperature range . 

The entropies of n-hexane and n-heptane were taken from /16 , 

18/ . The entropies were brought to the absolute scale from pub-

lished data /1/ . 

Fi • 5. Relation between ••••• and •••.• for n-heptane . 

Key 

1) kcal/mole . deg 
2 

2) kg/cm 
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Fi~ures 4 an 5 illustrate the results of a eneralization 

based on relation (5) . We see from the figures that the exper -

imental points lie very well indeed on a single curve~ with only 

a slight scatter (of the order of 3;[) . Substantial dev i ations 

only occur around the saturation curve . 
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J. M. Ha3HjcB, H. <1>. fony6jeB 

M YXT;)JlHQ? TeMnepaTYP)I.a B;) jYKc;)K T;)3jHr)I.;) 
)1,ojMYIll~)1,pOKap6oHaTnapblH HCTHnHKKelJHpM;)CH 

XYJIAC~ 

.lJ.OjMylll hH)1,pOKap6oHaTJlapbIH MCTMJIHKKelIHpWClCMHCl aH)I. Cl)I.<l6MjjaT.ll3 
onau MCl'nYMaTnap Olf.napbIH YMYMMnClW)I.MpHJIMdCHHd haJI-ha3blp)I.a H"'­

KaH BepHp. M YX1ClJIH<P TCl.lI.rIUaTlJbIJIap T<lP<lCPHH.lI.<lH eKcnepHMeHTaJl jOlIJIa 
hH.lI.pOKap6oHaTJIap.lI.aH MeTaHbIH IiCTMJIMI<KelJlipWdCIi 500, eT8HbIH 270, 
npouaHbIH 292, 1l-6YTaHbIli 1132, ll-heKCaHbIH, ll-henTaHbIH Bd 1l-0KTaHbIH HCTIi­

JIHKKetIHpMClCH 500 lCZ/CA'L2 Td3jlirHR<l rCl)1,Clp TCl'jHH OJIYH MYlll.lI.Y p. 
MClraJICl.lI.Cl HCTMJlHKKetIHpM;} Md'JIYMaTJIapbIHbI YMYMHlIdlll)I.HPMdK ylJyH 

M~'JIYM OJIaH (1), (2), (3), (5) Bel MYdJIJII1<PJIdPHH TdKJIH<p eT,n:Hjn (4) aCbI­
JIbIJIblrJIapbIHJI,aH HCTH<paJI,d ellHJIWHWJI,Kp. 

<PYHKcHOHaJl aCblJIbIJJblf (1) I<eJ<pJfjjClT "ldhdTHH"Id HCTHJJIiKKelJHpM dHH H 

TeMnepaTyp Bd TCl3jHrJI,dH aCbIlIbIJIbIFblHbl JI,Y3KYH dKC eTJI.HpJI,HjHHd 6ax­
M2japar, ,n:ojMym hHJI,pOKap6oHaTJJap cHHqm ylJyH japaMblp (1. -\lH llld1CJI;) 
<Sax). I1cnlJIHKKeQHpMdHHH Maje Bd ra3JJapbIH XYCYCH lJ<lKHCH HJId elJla­
rdCHHH K9CTdP<lH aCbIJIblJJblr (2) MeTaHa, eTaHa, nponaHa, 1l-6YTaHa, ll-heK­
caHa, ll-henraRa Ba it-OKTaHa TdT6Hr e.lI.MJJUClKJId jOXJJaHblJlMbIWJI,bTp. Jox­

JJaMa K9CTdpMMmJI,Hp KH, IiCTHJlHKl<elIHpMelHIiH -CbIXJIblr.lI.aH 6HPTClPd<PJlH. 
aCbIJIblJJblFbl .lI.orpy.lI.YP (2-',m llldKJId 6ax). H. B. BapracpTHKMH TelKJIH<P eT­

lI.HjH TClHJlHK (3) jaJIHbI3 uelh.lI.YJI, CbIXJIbIr IiHTepBaJIbIHJI,a JI,y3KyHJI,yp. 
YjrYH haJIJIap raHYHYHJI,aH aJlbIHt.lbIlll Bd MYelJlJIIiCPJIClPHH TelKJlH<P eT.lI.HK­

nelpH <PYHKcHOHaJI aCblJlbIJIblr (4) 6YTYH .lI.OjMYlll hHJI,pOKap6oHaTJIap CHH­
<PH ytIyH lJOX jax;wbl HClTM"Id BepMHW.lI.HP (3-l(y IIJelKJiCl 6ax). 

EjHs 3aMaHJI,a, M<lraJIClJI,<l ' A. r. YCMaHOBYH HCTHJlHKKeQHpM<lHHH eH-
1'pOnHjaJI,aH aCbIJJbIJIbIFbIHbI Bep<lH . TClHJlKjH (5) ll-heKCaHa BCl ll-henTaHa 
1'ClT6Hf eJI,HJIMdKJlel joxJlaHblJJMbllll Bd KHIPajelT JJ;)HJI,HPHl(H HdTH .. Cl aJlblH­
MbIWJI,blP (4-.5-''1111 ill;}KHJIJldP). 

) 
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y ll1 ;:}KHJIJI;:}PA<} 

P MOAeJIHHAd j bi FbiJl­
MHlliAHp. 

apHH1I.d \!dMI1CH 216 
HH)la T;:}'jHH e1I.HJlMlilll 

MJla 1I.<:ljHllidH rHj ­
a I:IdTH\ldJldP I, 2 B<:l 

B<:l BapHacHja e1I.H­
a B;:} Ke'HI)l. npo­

• MO)l.eJlJ1<:llu.llHp­

Ma CHPKY JljacHja 
)l.Hana30HY 6eJl;}-

. = 10 OJlYP , 

''I = 10 OJlYP, 

11 = 15 OJlYp· 

Tdl:l3HU CHcreMHHKH 
Ii H;:}TH";:}CH pHja3H 

eAHJlHp. 

A3apSAJlIIA(-( CCP EJIMJlap AI\A.LlEMHJACbIHbIH XCJsaPJla PH 
<l>1i3HK3-pHja3 HjjaT B<l TeXHHKa eJlMJI<lPH cepHjacbI, 1962, N~ 6. ,. 

113BECTH51 AI\AJI.EMI1H HAYI\ A3EP5APf.[I)I\AHCI\OIil CCP 
CepHli 4lH3IlKO- MaTeMaTHllecKHx H TeXHH'IeCKflX HayK, 1962, N~ 6 

~ . M. HA3HEB, H. <I>. rOnYfiEB 

TEnJlOnpOBOJlHOCTb nPEJlEJlbHblX yr JlEBOJlOPO.ll.OB 

nPH PA3J1H4HbIX TEMnEPATYPAX 
J1 BbICOI{J1X .ll.ABJlEHIHIX 

HaKon HBmeeCH KOJlHqeCTBO 9KcnepHMeHTaJlbHHX )l.aHHbiX no TenJlOnpo­
BO.l1.HOCTIi npe.l1.eJIbHblX yrJleBO)l.OpO.l1.oB npH pa3JlHQHblX TeunepaTypax H 
BblCOKHX )l.aBJleHHRX n03BOJlHeT 0606lll.HTb HX. 

3KcnepHMeHTaJlbHO onpe.l1.eJleH3 pa3JIHQHbIMH HCCJle.l1.0BaTeJlHMH Ten­
JlOnpOBO.l1.HOCTb MeTaHa )l.0 500 [6,8, 11, 14, ' 15], 9TaHa )l.0 270 [11, 13, 
15J. npolIaHa .11.0 292 [13], H-6YTaHa.l1.0 1132 [12} H H-reKCal:la, H-remaHa, 
Jt-OKTaHa .11.0 500 JCZ/C)£2 [5). 

113BecTHo 60JlbllIOe QHCJlO TeOpenl'leCKHX H 9MnHpHQeCKliX CPOPMY Jl, 

Bbipa}KalO lll.MX aaBMCHMOCTb ielIJlOnpOBO.l1.HOCTH OT TeMnepaTYPbl H )l.aBJle­
HHSI. npHMeHaeMocTb 60JlbmHHCTBa 3THX cpOpMyJl IIO pa3JIHQHblM npH"IH­
Haw OrpaHHQeHa • 

.LI.JlSI o606lll.eHHR OnblTHblX .I1.aHHbiX no TenJlOnpOBO.l1.HOCTH raaOB npH­
MeBSleTCH CPYHKl.{HOHaJIbHaSl 3aBHCHMOCTb, : nOJlYQeHHaSl Ha aCHOBe DpHH­
u.Hna COOTBeTCTBeHHbIX COCT05IHHH, B BH.lI.e 

(1) 

r)l.e Ap, l -TenJlOnpOB01I.HOCTb npH .I1.aBJleHHH P Ii TeMlIepaType t, 
At-TenJlOn\?OBO.lI.HOCTb npH aTMoccpepHOM )l.aSJleHHH H TelimepaTY­

p e t. 
P 

1t-npHBe.lI.eHHOe .lI.aBJIeHHe, 'It = -
PK ' 

T 
't-npHBe.D.eJ-lHaSi TeMnepaTypa, 't = - . 

TIC 
CooTHollIeHHe (1) 6blJlO npOB~peHo HaMH )l.IIH npeAeJIbHhlX yr JleBO.lI.O­

pO.lI.OB (pHe. 1) . .LI.JI$I nocTpoeHlul rpacpHKa 3aBHCHMOCTH (1) 9KcnepH.uea· 
TaJlbHble )l.311RCle CHa"laJIa HHTepnOJlHpOBaJlHCb Ha O)l.HHaKOBble 3Ha'leHH5t 
npHBe)l.eHHblX TeMUepayyp. rpacpHKIi CTPOHJlHCb no H30TepAfaM 't = 0,9; 
1,0; 1,1 H 1,2 B HHTepBaJIe .I1.aBJIeHHSl 'it OT 1 .11.0 16. 3HaQeHHSI At 6paJlHCb, 
113 [4]. 

113 pec. 1 BH1I.HO, 'ITO saKOH COOTBeTCTBeBHblX COCTOSlHHH )l.aeT TOJIbKO· 
J<aqeCTBeHHy~ tcapTIIHY H3MeHe8HSl TenJlOl1pOBO.lI.HOCTH npeAeJlbHblX yr Jle­

BOJJ:OPO.l1.0B C TeMnepaTypoR- H )l.aBJleHHeU; H"30TepMbl O.lI.HHaKOBblX 't .I1.JlII 

113 



paaJlHlmblX yrJleBO)lOpO)lOB CHllbHO paCXO)lSITCSI. B TO lKe BpeWR C yoe ­
JlHlJeHHeM 't H aTOMHOCTH yrJleBO.ll.OpO)lOB paCXO>K.lI.eHHSI aaMeTHO YMeHb­
maIOTCH. 

Yi3BeCTHa a3BHCHMOCTb, CBSIabIBalOllJ,aSl TeUJlOnpOBO.ll.HOCTh >KH.lI.KOCHf 
H raaOB C Y.ll.eJlbBblM BeCOM: 

Ap, t - At = !(r). (2) 
rAe ,-YAeJlbHblH Bee' )J{H.lI.KOCTH (raaa). 

Eha aaBHCHMOCTb npOBepSIJlaCb HaMH C nOCTpoeHHeM rpaqHlI{a • KO- , 
0p.lI.HHaTax (Ap, t - At) -: r )lJlSI MeTaHa, ataHa, nponaHa, 1t-6YTaHa, It-reK­

10 

1.1 

Ap,t 
PRC. 1. 3aBI1CHMOCTh - }lJlIl 

• At 
UPC.llCJlbHhlX 

caHa, 1t-renTaBa H 1t-OI<TaHa 
)lJlSl Bcex HCClle)lOBaHHHx HHTep­

BaJlOB )laBJleHHI1: H TeMuepaTyp . 
3HalJeHHSl r 6paJlHCb H3 17, 10, 
17J. 

Ha pHC, 2 nOKa38H O)lHH HS 
rpa¢lHKOB (AJHJ 1t-reKcaHa) saBH­
CHMOCTH (2); )lJISI .1lpyrHx yrJle­

BO)l.OpO)lOB rpa¢lHKH nOA06Hbr 

3TOWY· 
B Ta6JI, 1 Jl.aeTCSl saBHCH- ' 

MOCTh tU = "p, t - At OT r Jl.,IHI 
BblUJeynoMSIHYTblX npe)leJi bHhlX 

yrJleBO)lOpO)lOB. Ta6J1HII.a co· 
CTaBJIeHa HaM.H B pe3YJlbTaTe· 
06pa6oTKH 9KcnepHMeHTaJlbHblX 
.u.aHHbIX. 

Bce 3KcnepUMeHTaJlbHhI e yrJlCBOJlOpOnOB OT npHseneHHoro naSJleHHII ~ 
np" pa3JlH1JHhlX npHBenCHHblX Te~lncpaTypax 1: TOlJKH xopoUJO pacnOJlaraJIHCb Ha 

OJl.HO~ ycpe)lHeuHotl: l<PHBOt{ 

saBHCHMOCTH (2). Pa36poc TOlJeK )lJISI Ka>K)lOrO yrJleBO)lOpo.na OKOJIO · 
HaH60Jlee BepoSITHoii KpHBOii:, COe)lHHSIIOru.eti sKcnepHMeHTaJlbHhle T01{KH, . 
B Cpe)lHeM COCTaBJlSIeT 2-3%. 
npHlJeU 60JlhmHe OTKJlOHeHHSl 
HMelOT MeCTO llJl5! ra3006paaHoro 
COCTOSIHH5J • 

CooTBeTcTBeHHo aaBHCHMCCTH 
(2) H. B. Bapra¢lTHI< [2] npe)lJlo­
lKHJI CJIe.u.ylOllJ,ee 3MDHpHlJeCKOe 
ypaBHeHHe: 

(3) 

rJl.e B H /1.-nOCT05lHHHe, OIJpelle­

JISIeMble ~Jl5J Ka>K.lI:OrO 
Be llJ,eCTB a no 3Kcne­
pHMeHTaJIbHblM .n:aH­
HhlM. 

HaUJH BhllIHCJleHHSI H BbllJHC­
JleHHSI ' .lI.pyrHx HCCJle.ll.OBaTeJIefi 
DOKa3b1BaIOT, lITO ypaBHeHHe (3) 
CnpaBeJl.JlRBO JlH~b B orpaHHlIeH­
HOM HHTepBaJle ' Y,/leJlbHOrO BeCa. 

0606ru.a lOllJ,YIO 3a BHCHM OCTb 

J500 

JOOO 

~I: 2500 
"'11 .. 

S! 1000 -;:;. 
'" 

,QOO 

f--o U,S'C 
~ 26.2 
• 560 

f-- 53:l 
• 1014 

"'~' 1--~:5,} 
o 211113 
• 203.5 -0251.1 
.149,8 
• 30(3 

-'JG2.~ 
Q <159.4 
otHuPH 

~ 
Q? 

1 
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bY 
} 

1 
/ 

.,/ 
./ 

Q) 6.6 

. PHe. 2. 3asHcHMoCTb TeUJlOnpOBOJl.HOCTH 
H-TeKcaHa OT Y}leJlbHoro Bcca 

TenJlOnpOBO)lHOCTH OT Y)leJlbHOro BeCa )lJlJl KJlaCCa npepeJlbHblX yrJIeBO­

)lOPOJl.OB MO>KHO nOJJY'UiTb, nOJrb3YSlCh S3KOHOM COOTBeTCTBeHHblX COCTOR-
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~ Bpel.OI C YBe- . 
aBMeTJ-/O YMeHb-

)J(H,nKOCTH 

(2) 

poeHHeM rpa~HKa B KO­
maHa, Ji-6YTaHa, Ji-reK-

renTaBa H Ji-OI(T8Ha 
x HCCJIe,nOBBHHIiX HHTep­

HMIl If TeMnep8TYp. 
6paJI}fCb }f3 [7, 10, 

Pl1c. 2 nOK838H O,nUH 113 
B (.lVHI Ji-reKcaHa) 3aBH­

(2); ,nJISI )1PyrHx yr./le­

B rpa~nKfi no,no6Hhl 

6JI. , 1 ,naeTCH 38BHCH­

=Ap, t-At OT r ,n.n, . 
ThlX npe)1eJl bHblX 

,,,,,,,,nn Ta6nHna c o-

HaMM B pe3YJIbTaTe. 
3I<CnepI1 MeHTllJIbHhTX. 

3Kcn epHMeHTa./lbHhl e 
pOlliO pacnOJIara./lHCb HB 
;cpe,nHeuHol1 K Pl1BOJ1 

. yrJleBo,nopo,na OKOJIO , 

~pHMeHTaJIbHhle TOll K,H , . 

0.3 a~ 0) 8,6 

flu'-
Tb TCnJlOnpOBOJl.HOCTH 

T YAeJlbHOro Beca 

ppepeJIbHhlX yr JIeBO-
3eTCTBeHHLlX COCTOH-

1;86nBlI.3 1 

3aBllcHMOCTb TenJlOnpoBo)J.HOCTH npe)J.eJlbHblX yrneBCJ)J.opo)J.OB OT Y.lleJlbHOro Beca 
(Ap, t-At) .107, UOA/C.M.·ceK'oC 

0,05 
0,10 
0,15 
0,20 
0,25 
0,30 
0,35 
0,40 
0,45 
0,50 
0,55 
0,60 
0,65 
0,70 
0,75 

MeTaH 
CH~ 

157 
380 
650 
950 

13/6 
1800 
2430 
3280 
4275 
-
-
- . 
-
-
-

-
100 85 
235 195 
385 315 
550 440 
740 582 
960 730 

1225 905 
1575 1110 
2050 1360 
- 1740 
- 2285 
- -
- -
- -
- -

85 60 57 56 
193 150 140 140 
300 250 240 237 
420 365 350 348 
555 490 475 475 
716 628 615 610 
907 

I 
785 764 760 

1120 980 923 935 
1364 1176 1125 11 55 
1645 1455 1382 1410 
2030 1800 ·1710 1715 
2575 2230 2125 2090 
- 2760 2575 2520 
- 3400 3),)5 3025 _. - 3695 36O(j 

HHA, nO,n06HO TOMY, KaK aTO 6hIJIO c,neJIaHO B [3 j ,nJIH 3aBHCHMOCTlI 

BH3KOCTH ra30B H }KH,nKOCTefi OT TeMnepa'typLl J:I ,na BJIeHHH. 
Cor JIaCHO npHHIVmy COOTBeTCTBeHHblX 'COCTOSIHHI1 MO}KHO nOJIaraTb 

A t. -A! i 
QTO 3Ha'leHHH p, .' B 3aBHCHlofOCTH OT - 6YJl.YT pacnonaraTbCSI 

A(p'!)k - A!K j k 

Ha O,nHOH H TOH: lKe KPHBOH: ,nJISI Bcex aJIKaHOB. 
3.II.eCb A(p, t)k-TenJIOnpOBop.BOCTh npH KpHTH'IeCKOM ,naBJIeHHH H KpH -

TH'IeCKOM TeMnepaType, 
Alk-TenJIOnpOBOAHOCTb npR aTMoc~epHoM )1aBJIeHHH H KpHTI1'leCKOk 

TeMnepaType, 
lk-Y.II.eJIbHblfi BeC npH KpHTl1'1eCKOM .II.aBJIeHI1I{ 11 KpHTH'IeCKOM: TeM-

_ nepaType. 
4T06hl npl1MeHHTb TaKYIO SaBI1CHMOCTh, 'npe>K.lI.e Bcero He06xo.lI.HMO 

3HaTh BeJIH'IHHy.LlAk = !..(P, t)k - Atk .II.JISI Ka>K,noro yrJIeBo,nopO.II.a • 3TY BeJlH­

'lImy MO}KHO HaMTH H3 rparpH.KOB 3aBHCH.MOCTH (2), 3HaH 3HaqeIJHe yp.eJIh­

Horo Beca 'B KpHTH'IeCKOH TO'lKe. 

Ta6nHua 2 

KpHTH'IeCJ{He BeJlH'IHHbl AnSI npeJl.eJlbHblX yrJleBOAOpO.D,OB 

\ KpHTH'\e- KpHTHl\e· Atk .101, ~Ak' 107, A(p, I)k .101: 

CK a51 
Y r J1CBO)J.OPOAbI 

CKoe lk, ZfC.M.3 KalL KalL KalL 
.l(aBneHHe, re&mepa · 

C.ll. ceK °C C.M.ceK °C 
ama Typa', OK c.Al. ceIC °C 

" 
MeTaH 

\ 47,3 191,06 0,1623 487 720 1207 
I 

31aH 49,8 305,46 0,203 534 561 1095 

nporraH 4.3,4 369,96 0,224 650 505 1155 

x.Byrau 37,2 ,125,96 0,2275 755 488 12413 

x-neHTaH 34,1 470,36 0,234 823 - -
X-reKcaH 30,6 507,96 0.234 872 453 1325 

X-renraH 27,8 539,96 0,2341 895 437 1332 

X-OKTaH 25,5 569,36 0,2327 910 427 1337 

11 5 

. 1 

I • 

.' 



_ i 

B T36Jl. 2 npHBO)lfITCH Jla~iJJ.eHHble HaMH 3H8'leHHR I<pHTHlfecKHx Bemi­

""liH Jl.JUI aJIKaHOB. 

Ha pHC. 3 npe)lCraBJleHa 3aBHCHMOCTb 

(4 ) 

~3 IWTopoi% BH)l.HO~ 'ITO Bce 3I<cnepHMeBTaJlbHble )l.aHHbre npe.n.eJlbHblX 
yrJleBo.n.opO)l.OB JIe}l{aT lia o.n.Hofi KPHBOH CO Cpe.n.HHM OTKJIOHeHHeM ±3~, 
7. e. B npe.n.eJIax )l.onYCI(aeMblX npM onblTax omM6oK H3MepeHidt Tal(MW 

• 1, 

D 

~ 
7 rr---- i--

0 

o MBmlIJl ! ,01---- ' JmOH I 

• nponOH 
~ ~ HOllmoH .J r -- O H Zl!HCOH 

f o H e~'li"lIJI 
« H OH OH 

:~=l' ~t 

/ f' 

°v 
o.v"f 

0.5 I,D 2.5 3D Jj 

lP lle. 3. TellJlOnpOBOAaocTb npeAeJlbHblX 

yrJleRoAopOAOR B ' Koopll;lmaTax 

Ap.t - At '( 

06pa30M, HMeeT MeCTO BeCbMa Xopo­
Ulee nO)J.TBep}l{.n.eHMe 3aKOHa COOTBeT­
CTBeHHblX COCTOHHHA .IlJl~ KJl3CCa npe ­

.n.eJIbHblX yrJleBo.nopo.n.OB B KOOPJI.H -
6.)" r ' 

HaTax 6.)" - - . 
J( IK 

Ha OCHOBaHHM aHaJHi3a YCJlOBHH 

no.n.o6HH MOJleKY JlHPHblX npon;eCCOB 
B KaqeCTBe 0606rueHHH onblTHblX ,l{aH­
HblX A. r. YCMaHoB [9] npe,l{JIO)KHJI 
cJle.n.ylOruylO CPYHKlUWHaJIbHYlO 3aBH­
CHMOCTb 

(5) 

r)l.e 

SI H s2--'-a6coJilOTHble 3HaqeHHH 3HTpO-

nHH ra3a npH TeMuepaTypax 

tl Ii t2, 
R-YHHBepCaJIbHaSI r3aOBaSI UIC­

TOHHHaH, 
q':'s-MaCIUTa6Hblfl TeUJIOBoti no­

TOK, COOTBeTCTBYlOruHH H3Me-

HeHHlO 3HTponHH 6.5 = S~ - 51: 
q--nOToK TeUJla npH H3MeHeHHH 

q ls .--:- J../ls(t; - tt), 
3HTpomIH Ha S2 - SI;' 

q = ),(t2 - tr). 

. 3aBHCHYOCTb (5) !.fbI 
'l\fCnOJIb30BaJiH )l.JlH o606rue­

Hllff 3KCnep"MeKTaJlbHbIX )laH­
lH bIX no TeIlJIOnpOBo,n:HOCTH 
ft-reKCaHa H ft-renTaHa. 11.JIH 
,enJIOnpOBO)lHOCTH MeTaHa 
TaKoe 0606ll.l.eHHe Y}l{e c.n.e­
JlaKO YCMaHOBblM [9]. npR 
3TOM ou nOJlYlJHJI XOPOIUHH 
.peay JlbTaT. 

g~ 8,' IfOOI-f!JlA. 
JlMlP 

6 

J 

n ~ 
~ 

,..a-----~ 

3 i-o-r-
0606rueHHe rIO 8TaHY, 

2 -0-

nponaHY H ft-6YTaHY He npel(­
'CTaBJIHJlOCb B03MO)KHbIM , TaK 8 

KaK CBe,l{eHHH no TerIJIOnpo­
BO,n:HOCTH 3THX yrJIeBO,l{OpO­
)lOB OXBaThlBalOT He6oJlbUlOfi 
,l{Ha1l330H Tewnep3TYp. 

PH C. 4. 3aBlfcHMoCTb..!L OT 
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s eJlIf-

(4) 

l,aHHhfe npe.ll.eJlbHhlX 
OTKJlOHeHHeM ± 3 ~, 

H3MepeHHtt. TaKHw 
MeCTO BeCbMa xopo­

HRe 3aKOHa COOTBeT­
HHfi }l.JlR KJlaCCa npe­

IJIOPO.ll.OB B KOOP.II,H-

HI aUaJlH3a YCJlOBHH 

,'JlS1PHblX npon,eCCOB 
!ll,eHHSl onhlTHbIX )laH­

HOB [9] npe.II,JlO}KH.II 

lKUHOHa.llbHYIo 3aBH-

(5) 

~ bfe 3HaqeHHH 3HTpO-

1 npH TeMnepaTypax 

'Hblii TenJIOBOii no-
rBeTCTBYlOlUHI1 H3Me-

- t 1), 

'2 - 51; 

f s s,·/IaU5!1!tp 
6S'1.9 •. 

/ 
V 

~f" 

,-M" .r 
,..V 01 Hi/ell 

'21.1 0
- f--

°18,1 • 
42,11--~ . 

I ~U 
I 4 6 

.ltJIR H-reK-

3HaqeHHe ,mTponHH H-rel<CaHa H H-renraHa 6paJIHCb li3 116, 18 J . 
.ll.JIfl BbIpa)l{eHHSJ 3HaqeHHfi 3HTponHH B a6COJilOTHoti BeJlHlJHHe nOJlb30Ba­
JlHCb JlHTepaTypoit [t]. 
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PHC. 5. 

Ha pHe. 4 H 5 npOHJIJlIOCTpHpoBaHbl pe3YJIbTaTbf o606m.eHHH no (5) : 
KaK BH.II,HO H3 PHCYHI{OB, '3KcnepHMeHTaJIbHble TOlJKH XOPOlliO pacnoJIa­
ralOTCSJ Ha O)l.HOI1' KPHBOI1' 3aB~cHMoCTH C He3HalJHTeJlbHblM pa36pocoM 

. (nopSl)l.K3 3~). 3HalJHTeJTbHble OTl<JlOHeHHSJ Ha6JIIO.II,aIOTCH JlHllib : 01(0.110 
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