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NAZI-YM 62-0289

CUSTOM TRANSLATION GDA-

THERMAL CONDUCTIVITY OF SATURATED HYDROCARBONS AT VARIOUS TEMPERATURES
AND HIGH PREZSSURES

Ya. M. Naziev and I. F. Golubev

Translated from Izvestiya Akddemii Nauk Azerbaidzhanskoi SSR, Seriya

Ppe. 113=11%
fiziko-matematicheskikh i tekhnicheskikh nauk, ¥mX No. Gn(June, 1962.

ow
The considerable amount of experimental material which ha§(been

gathered together in connection with the thérmal conductivity of
saturated hydrocarbons at various temperatures and high pressures
calls for the genevalizakiow ofF
: such data.
Various research workers have determinedthe thermal conduct-
ivity of methane up to 500 /6, 8, 11, 14, 15/, ekx ethane up to
270 /11, 13, 15/, propane up to 292 /13/, m=-butane up to 1132 /12/,
and n-heaxane, n-heptane, and n-octane up to 500 kg/cm2 78
There is a large number of theorétical and empirical formulas
expressing the temperature and pressure dependence of thermal
conductivity. The applicability of the majority of these formulas
reskricked ¢ :
is[for various reasons Iisted.
In order to correlate and generalize %he experimental data relabusg
on the thermal conductivity of gases,we may use. a functional re-
lationship obtained on the principle of corresponding states in

the forn

o o s SR P LIS Ct)




&

Where.....ig the thermal conductivity at pressure p and temperature t,
cesssis the thermal conductivity at atmospheric vressure and
temperature t,

eesssis the reduced pressure....s, and

eesesis the reduced temperature.ssss .

We verified relatiom (1) for saturated hydrocarboms (Fig. 1).
In order to pmex plot the graph corresponding to.relation (1), the
experimental data were first interpolated to the same values of
mreduced temperatures. The graphs were plotted for isotherms
vesesand 1.2 in the pressure range ..... = 1 to 16 The values of
«e...were taken from /4/.

We see from Fig. 1 that the law of corresponding states only
gives a qualitative picture of the variation in the thermal con-
ductivity of saturated hydrocarbons with temperature and pressure ;
the isotherms mf for the same..... differ conmsiderably frmm for
different hydrocarbons. At the same time, the discrepancies become
much smaller as the reduced temperature.....and the atomicity of
the hydrocarbons increase. '

The@is?gaotherrelationship linking the thermal conductivity
of = liquids and gases with the specific gravity @

AR T L
()
where.....is the specific heat of the liquid or gas.

We verified this relationship by pQﬂtting a fraph in coord-
inates of.....for methane, ethane, propane, n-butane, n=hexane,
n-heptane, and n-octane for all ranges of pressure and temperature

studied. The values 6f.....were taken from /74 104 17/




: Dependence of te rotwe
Fige Te Re xtxunxhi&f....for saturated hydrocarbons on the

reduced pressure.....for various reduced temperaturefi.... .

Key

1) Methane
2) Ethane

3) Propane
4) n-Butane
5) n-Hexane
6) n-Heptane
7) n-Octane

et

Figure 2 shows one of the graphs (for n-hexame) representing
may be plotted
relation (2) ; for the other hydrocarbons theme—sare similar graphﬁf
Table 1 gives the relation between .....and.....for the sat-

urated hydrocarbonds in question. We constructed this table by

analyzing experimental data.
All the experimental points fit neatly omn a single averaged
. Wﬂa& '
curve of the kind represented by (2). Theyscatter of these points
on either side of the most probable curve joining the experimental

equals ¢ ]
results awemases 2 to 3% for each hydrocarbon. The greatest de-

“

mym viation occurs for the gaseous state.

Pig. 2. Thermal conductivity of n-hexane as a function of spe-

cific gravity.

Key

1) cal/cm.sec.deg
3

2) g/cm

t
3) g and py
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Corresponding to relation (2), N. B. Vargaftik /2/ proposed
the following empirical equation :

csdiwsRape 114

where B and n are constants determined -xperimentally for each
substance.

Our own calculations and those of other authors show that
equation (3) is only valid over a limited range of.spedific cravity.

A generalizing relationship between thermal conductivity and
specific gravity may be obtained for the class of saturated hy-
mdrocarbons by uéing the law of corresponding states in the same
wayas in the cg“ag of the temperature and pressure dependence of the

viscosity of gases and liquids /3/.

Table 1
Thermal Conductivity of Saturated Hydrocarbons as a Funetion of

Specific Gravity.....cal/cm.sec.OC
Key
1) g/cm3
2) Methane
3) Ethane
+) Propane
5) n-Butane
6) n-Hexane
7) n-Heptane
- 8) n-Octane

According to the principle of corresponding states we may

suppose that the values of..... expressed as a function of.....

will 1lie on the same curve for all alkanes.

(3)




Hereésssssis the thermal conductivity at the critical temper-
ature and pressure,

eesssis the thermal conductivity at atmospheric pressure and ‘the
critical temperature, and

sesssis the specific gravity at the critical temperature and
pressure.

In order to apply this relationsﬁip, we must ?irst of all know
the value of.....for each hydrocarbon. This quantity may be
found from the graphs of relationship (2) if we know the value

of the specific gravity at the critical point.

Table 2
Critical Quantities for the Saturated Hydrocarbons

Key

1) Hydrocarbons

2) Methane

3) Ethane

4) Propane

5) n-Butane

6) n-Pentane

7) n-Hexane

8) n-Heptane

9) n-Octane

10) Critical pressure, abs. atm.
11) Critical temperature, 'K
12) g/cm3

1%) cal/cm.sec. C
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Table 2 shows mEX our values of the critical parameters for the
alkanes,

Figure 3 represents the relationship

ceeesReps 116 ()

from which we see that all the experimental data for the saturated
hydrocarbons lie on the same straight lime with an average deviat-
ion of +3%, i.e., within the measuring errors admissible in the
experiments. Thus we have an extremely good confirmation of the
law of corresponding states for the class of saturated hydrocarbons

in coordinateSececse o

CN——

Fige. 3. Thermal conductivity of saturzted hydrocarbons in co-

ordinatesceeces o
Key
1) methane
2) ethane
3) propane
4) n-butane
5) n-hexane
6) n-heptane

7) n-octane

b o

After analyzing the similarity conditions of molecular processes,

(as a generalization of experimental d;¥£1£:\:: Usmanov /9/ pro-

posed the following functional relationship

BTy valg o : Q‘J

where s, and s, are the absolute values of the entropy of the gas

at temperatures t1 and t2,




J 7
R is the universal gas constant,

essssis the scaling thermal flux corresponding to a change of

entropyeseece,

q is the thermal flux corresponding to an entropy change §5= 84
Q= el e e
We used relationship (5) to correlate th® experimental data re-
lating to the thermal conductivity of n-hexane and n-heptane. For
the thermal conductivity of methane a similar correlation had already

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

Fig. 4. RelatiOn between .....and.....for n-hexanec
Key

1) kcal/mole.deg

2) kg/cm2

A similar operation for ethane, propane, and n=butane was im-
possible, since data relating to the thermal conductivity of these
hydrocarbons embraced only 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/.

Fig. 5. Relation between.....and.....for n-heptane.

Key
1) kcal/mole.deg
2) kg/cm2
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Figures 4 and 5 illustrate the results of a generalization
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 deviations
only occur around the saturation curve.
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J. M. Hasujes, H. ®. ToayGjen

Myxrosing Témnepatypiia Bd jyKCOK TI3jHIJD
nojmym’huapokapbonaTiapbiil HCTHIHKKEYHPMICH

XYJIACO

Jojmymr huapoxkap6oHATAADHIH HCTHAHKKEUHPMICHHD anj oXabujjaTaa
OJIAH MQ3'JIyMaTJdp OHJAAPBIH YMYMHJISIIAMPHAMICHHY han-haswpna um-
KaH Bepup. MyXTo/ud TOArHraTublAap TIPIQUHIASH eKCIepHMEeHTaa jojJa
huzpoxkap6oHaTIapAaH MeTaHbH MCTHAMKKeuupuacH 500, eranwn 270,
nponausid 292, #-6yraubia 1132, #-hekcaHbiH, #-henTaHbIH B9 #-OKTAHbIH HCTH-
aukkeunpmacu 500 xz/cu® TIJUrHHD rokdp TI'jHH OAYHMYLILYD.

Maraseas HCTUAHKKEUHPMd M'JAyMaT/apelHbl YMYMUJASIIAHPMIK YUYYH
ma’aym oxan (1), (2), (3), (5) B2 myaanaudaspun Tokaud erauju (4) acwi-
JBIABITAAPEIHAAH HCTH(DAAS eNHAMHMIHD.

dyHkcHOHaX acHABUIBIT (1) KejnjjoT udhdaTHHYD HCTHAHKKEYHPMIHHH
TeMNnepaTyp BD TI3jHIA9H aCHLIIBIILIFEIHE JY3KYH 9KC eTAHPAHjHHY 6ax- H
Majapar, nojmym huzxpoxapOoHatiap cHH(H Y4yH japambip (-9 II9KJA3 '
6ax). MCTHAMKKEYHPMOHHH Maje B raszapbiH XYCYCH YSKHCH HJd oJa-
I'OCHHH KOCTIPIH aCHUILLIHIT (2) MeTaua, eTaHa, nponana, x-6yrana, -hex- i
caHa, ®-henrama B3 H-OKTaHa TITOHI €JHJIMIKJID jOXJAAHBIIMBILIALID. JOX-
JaMa KOCTOPMHIIZHD KH, HCTHAHKKEUHPMIHHH CHIXJLITAAH OGHPTIpa(iu, DOB?
aChIIBIABIFL ROFPYAYP (2-uu maka9 Gax). H. B. Bapragtuxun Toraud er- f1oct
JHjH TOHJKK (3) jannbi3a MAbAYN CHIX/IBIr HHTEpPBAJLIHAA IY3KYHAYD. BaBa
Yijryn hansap ranyHyHJIaH aJblHMBILI BY MYJMIHOASPHH TIKAH( eTIAHK- TOH
- 19pH (QyHKCHOHA/M AachLIIBLIBIT (4) GyTyH xojMym huapoxkap6OHATIAp CHH- B &
({u yuyH YOX jaxmel HOTHWD BepMHmAHp (3-4y mMIKAD 6ax). T0pE
Ejnn 3amanna, morasana'A. I'. YCMaHOBYH HCTHAHKKEYHDMOHHH €H- OHC
TPONMHjaZaK AaChU/IBIILIFLIHGL BEPIH ToH/AMjH (D) #-hekcana B9 H-henraua CTH
TOTOHI €AUAMIK/I jOX/AAHBEAMBIII BI KHODAJITAIHAHDHNH HITHYD aAABIH- HOCT
MBIIABP (4 —5-4H WIKUAIIP).
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— 4y JOKHAMIPAS
yP MOACJAHH/ID jHIFRII-
ARAMHIIAKD.

PIIPHHAD womucH 216
HHAD T JHH e AMIMHII
AbIMJIA JODjHIIDH THj-
y HaTHWAARp 1, 2 BD

I BY BapHacuja eJH-
FHIHA B9 K@YMA TpPO-
eip.  Moaeansiuigup-
Ip/iaMa CHPKYJjacuja
pH  Ananasony Gesa-

=1Q oayp,
q =10 onyp,
=15 oayp.

. TOH3HM CHCTEMHHHH
iH HOTHWYACH pujasu
D @AUAHD.

|

e @l

A39PBAJYAH CCP EJIMJIOP AKAJIEMHUJACHIHbIH X9BoPJIOPH
®duanka-pHjasujjaT B TeXHHKA eIMAdPH cepujack, 1962, No 6.

-

M3BECTHUSI AKAJEMHUH HAYK A3BEPBAHJIKAHCKOH CCP
Cepusi QH3HKO-MATEMATHUECKHX H TeXHHYeCKHXx Hayk, 1962, No 6

sl. M. HABHEB, H. ¢, TOJYbBEB

TENAONPOBOAHOCTD NMPEAEJNIbHbLIX YIJIEBOAOPOAOB
MPU PA3JIMYHbIX TEMIIEPATYPAX
U BbICOKUX JABJIEHMAX

Hakonusmeecs KOJHYECTBO SKCIIEPUMEHTAJAbHHX JaHHHBX [0 TeNJOnpo-
BOJHOCTH TpeieJbHbHX YTIAEBOAOPO/JOB IpH Pa3JHYHBIX TeMIlepaTypax H
BHICOKHX AdBJEHHAX N03BOAsieT 0000MHUTH HX.

SKCHEPHMEHTaﬂbHO ompenesieHa pPa3AHYHbIMH HCCaeAOBATEJASAIMH Tell-
JIONPOBOAHOCT MeTana a0 500 [6, 8, 11, 14,  15], srana xo 270 [11, 13,
15], nponana no 292 [13], x-6yrana no 1132 [12] u n-rekcasa, x-rentaua,
x-oktana 10 500 xz/ca® [5).

VisBecTHO GosblIOe YHC/IO TEOPETHYECKHX H IMNMUPHIECKHX (opMmy,
BHPAXAMUX 3aBHCHMOCTb TENJIONPOBOLHOCTA OT TeMIepaTypsl H jaBJe-
Hus. Ilpumensemocts GOABIIHHCTBA 3THX (GOPMYJ OO PA3AHYHBIM MPHYHK-
HAM OrpaHHyYeHa.

Has 06061eHus: ONBITHBIX JAHHHX 1O TENJAONPOBOAHOCTH Tas0B IpPH-
MEHSeTCH (DYHKUHOHANbHAA 3aBHCHMOCTD, -TIOJYYEHHAS HA OCHOBE NPHH-
{HNa COOTBETCTBEHHBIX COCTOSIHMA, B BHIE

A
?_‘t =f(7‘-' 1)! ; (1)
It
rAe A (—TenionpoBOAHOCT IIPH AABJAEHHH p W Temueparype f,
At—TeN/JIONPCBOAHOCTL NPH aTMOCHEPHOM MAaBACHHH H TeMlepary-
pe.t,
p

©—IMpPHBEJEHHO® JaB/JEeHHEe, T = v
K

T

T—NpHBEJEeHHAasi TeMIeparypa, © = )

K

Coorromenune (1) 6ba0 npoaépeuo HaMHU JAs NpeAeJbHBIX YyIaeB0L0-
ponos (pue. 1). Ilaa nocrpoerus rpaduxa 3aBucHMocTH (1) skCnepumes-
TaJbHble AAHHHE CHaYajla HHTepPNOAHPOBAJHCD HAa OJMHAKOBHIE 3HAYEHHS
OpHBeJleHHHX Temneparyp. [paduku crpousucs no usorepMmam == 0,9;
1,0;[41],1 u 1,2 B uHTepBane AaBJeHHs = OT 1 g0 16. 3HaueHus i Gpaauch
u3 "
: M3 puc. 1 BHAHO, 4TO 3aKOH COOTBETCTBEHHBIX COCTOSIHHII XAeT TOALKO
Ka9eCTBEHHYIO KapTHHY H3MEHEHHS TEeNJONDPOBOAHOCTH MPeAeNbHHX yrje-
BOIOPOJOB C TeMMeparypod ¥ HABJACHHEM; H30TEPMbi ONHHAKOBBIX T /N

113
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Pa3AMYHBIX YIAEBOJOPOJOB CHALHO PAacXomATCsi. B TO ke Bpems C yse-.

JHYEHHEM T W aTOMHOCTH YrJA€BOHOPOAOB PacxXOXxeHHsl 3aMETHO yMEeHb-
amTCH.

HaBecTHa 3aBHCUMOCTDb, CBsA3bIBawLlas TenJA0NpPOBOAHOCTL XKHAKOCTH
H Tra3oB C yAeJAbHbBIM BeCOM:

- Moa—h=f(7), | (2)

rae y—yJeabHblii BeC XunKocTH (rasa).
DTa 3aBHCHMOCTb TPOBApAJACh HAMH C HOCTPOeHHeM rpaduxa B KO-
opauHatax (Ap,t— M) -—7 Aaf MeTaHa, sfaHa, nuponana, H-OyTaHa, H-rek-
CaHa, H-renTasa M H-OKTaHa
) o MOmaH | JIIst BCEX MCCAEJIOBAHHHX HHTED-
Sl x 30N BAJIOB [JABAEHKIl M TeMmeparyp.

6 % © NponaK -
re o K OyimaK 3nayenus 1 Gpaauch H3 |7, 10,
KY | ‘Iléﬁﬂﬂﬂ 17 :

N onmman_8e Ha puc. 2 noxasan oaus u3
o rpadHKOB (4451 H-TeKCaHa) 3aBH-
arum:== ] A cuMocTH (2); Ans ApPYyTHX yrae-
I ~L:  BOAOPOZOB rpadHKH TNOXOGHbLI

s ] 3TOMY.
3 ::LH 5 S W B Taba. 1 paercs 3aBHC-
/"4"’*‘ MOCTb AX= iyt — k¢ OT 7 Has
Y, ' L  BHIIEYNOMSHYTHX MpeAe bHHX
I R e Y e yraesogoponos. Tabawma co-
& CTaBJeHa HaM{ B pe3yJabTaTe:

‘BA3

Ap,t
Puc. 1. 3aBucumoctd "¢ U8 NPeReibHbixX

yraeBOAOpONOB OT NPHBEJACBHOrO HA3BJEHHS T
NpH Pa3ABYHBIX NPUBEIEHHBIX TeMnepaTtypax <

06paboTKH 3KCIePHMEeRTAIbHBIX
JaHHBIX.

Bee  skcmepuameHTaabHbIE
TOYKH XOPOUIO PaCnoJarasuch Ha
ONHOH  yCpPEZHEHHOH  KpPHBOWH

e

3aBHCHUMOCTH (2). Pasbpoc Touek JAJas KaxJAOTO YrJaeBOAOpOJa OKOAOQ:
Hanbosee BePOATHOM KDPHBON, COEAUHSIONMEH SKCOEPHMEHTAaNAbHBIE TOUKH,.

B CpenHeM coctaBaser 2—3%. '

Ilpugem  OGonbmue  OTKAOHEHMs !
HMEIOT MEeCTO IJsi ra3o06pasHoro i |
COCTOSIHHS. : {
COOTBETCTBEHHO 3aBHCHMCCTH o |4 aes% ' 4
(2) H. B. Bapradrux [2] npexnso- < o 22 ;A
KU CHAELyIOllee SMIOUPHUECKOE S|E ppp |t e
ypaBHeHHe: L2 X iy 4
n = a0 B
)\p,t = )‘t -+ B T (3) -‘.3 :gggg
rae B W n—mpocrosknne, onpese- 5 o)
JEMble IJS KaXAOT0 - :gg
BellecTBa MmO 3KcCne- 4 3594 /
PUMEHTa/NbHBIM  JaH- b da-
HBIM. . =
Hawu Buuncsenus u Bwumc- P ail
JIGHHA | IDYTHX  HCCJAejpoBaTeseil or @2 03 04 05 86
HOK33HBAIOT, YTO ypaBHeHHe (3) 10‘:7";

Ccrpase nJuBO Jl_Hl}!Ib B orpammen-
HOM MHTEpBaJe VIeAbHOro Beca.
O6o6malomyio  3aBHCHMOCTb

.PHc. 2. 3aBHCHMOCTD TENIONPOBORHOCTH
H-TEKCaHa OT YHeAbHOro Beca

TENJAONDOBOIHOCTH OT YAE€JbHOroO Beca nsas KJjaacca npepenbHBX YrJa€BO-.

JAOPOXOB MOXHO HOle‘!HTb, no.nbsym:b 338KOHOM COOTBETCTBEHHH X COCTOA ~
114 '
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UKAEHHSI 3aMeTHO yuMeHs-

ONpOBONHOCTH HHIAKOCTH

(2)

POeHHeM rpaduka B ko-
)nana, w-OyTana, w-rek-
¢-TeNTaBa M  H-OKTana
* JICCIeI0BAHHHX HHTep-
14BACHHI n Temneparyp.
17 1 Gpaaucy u3 |7, 10,

pHC. 2 mokasan OZHH H3
B (M43 H-TeKcaHa) 3apu-
(2); nas apyrax yrae-
OB rpaQuK# nogo6ubI

1611.‘1 RAaeTCsd 3aBHCH--
l:Ap_,—At OT Y nas.
PMAHYTHIX NpEAeIbHEX
ponoB. Tabauma co-
| HaMH B pesyabTare-
M 3KCHePHMERTAJIBHbIX.

SKCIIepUMEHTaAbHbI e
POlIO pacnoJarauch, Ha.
(CPEAHEHHOH  KpuBO#H

_YraeBoxopoxa oxoJ0-
:PHMEHTANbHEIE TOYKH,.

] zﬁ :
7

i
i
R

7

‘ Kpmuue- Kpurnue- Ay 107, | Ay 107, Ap, t)k-107‘,
,»("y 1 Y raeBoLOpo bl na::::ne, 'rei:m:;a Tio (2lemd|  wan | Kaa | T RaA
> ama | Typa, °K cat-cex °Clea-cex °C| cau-cex °C. 1
[ T } MeraHn . | 47,3 191,06 0,1623 487 720 1207
£, £ Sran - 49,8 305,46 | 0,203 534 561 | « 1095
INponan : 43,4 369,96 0,224 650 505 ;1155
§ Vst o L Anotte | wbyran a72 | 42596 | 02275 | 755 |- 488 1243
Oro Beca n-TleuTaH 34,1 470,36 0,234 823 — =
IPeAENbHE / n-Texcan - 30,6 507,96 0.234 - 872 453 1325
X yraeso- (
n-Tentan ~ . 27,8 539,96 | 90,2341 895 437 1332
'¢TCTBEHHLX cocToA: po o d |- 955 | 56936 | 02327 | 910 | 427 1337
i : ‘ : 115

B XE Bpems C yse-.

Ta6bamuna 1

3aBHCHMOCTb TENJAONPOBOAHOCTH NMpelielibHbIX YTIAeBUA0OPONOB OT YAeAbHOTO Beca
(Aps t—A1) - 107, Kan|ca-cex-°C

_meparype.

2Jcad Meran Dtau Iponau { w-Byran | n-Tekcan | w-Teuran | #-Oxran
¥ CH, | CHs | GHs | CiHy | CiHi | CiHi | CiHi
0,05 157 100 85 85 60 57 56
0,10 380 235 195 193 150 140 140
0,15 650 385 315 300 250 240 237
. 0,20 950 560 440 420 365 350 343
0,25 1316 740 582 555 490 475 475
0,30 1800 960 730 716 628 615 610
0,35 2430 1225 905 907 785 764 760
0,40 3280 1575 1110 1120 980 923 935
0,45 4275 2050 1360 1364 1176 1125 1155
0,50 —_ '( - 1740 1645 1455 1382 © 1410
0,55 — i - 2285 2030 1800 A710 1715
0,60 — | — -— 2575 2230 2125 2090
0,65 M G g & o= 2760 92575 2520
0,70 = — — 3400 3115 3025
075 | — . —— — — — 3695 3600

'

Hull, nono6HO TOMYy, Kak 3TO OBAO CAesaHO B [3] mas 3aBHCHMOCTH
BSI3KOCTH Ta30B M JKMAKOCTEeHl OT TeMmeparyps M JaBJEHHS.
CorJacHO MPHHIMIY COOTBETCTBEHHHX COCTOSHHA MOXHO IOJaraTh,

Ap,t: — M 1
i 2 B 3aBHCHMOCTH OT — OYAyT pacnosararscs
Aoy — My i i

HAa O;HOIl ¥ TOH e KPHBOH AJisi BCEX aJKaHOB.
31ech A, v, —TeMIONPOBOAHOCTL NMPH KPHTHYECKOM NABJIEHHH H KpPH-

THYECKO#l TemIeparype,
Ay —TeIIONDOBOAHOCTD MPH aTMOC(pepHOM JaBJIEHHH H KPHTHYeCKOii

TeMmeparype,
Yx—Y Je/IbHb

YyTO 3HAUYEHHs

il BeC MpH KPHTHYECKOM JABJEHHH H KPHTHUECKOH TeM-

UTo6s MPUMEHHTb TAKYyio 3aBHCHMOCTb, TpEXAE BCErc HEOOXOAMMC
3HATb BEJHUHHY. Adg = A, 1), — At AJIA KaXJIOro yr/aeBoL0pOAa. STy BeaH-

YHHy MOXHO HAUTH 3 rPA(HKOB 3aBHCHMOCTH (2), 3Hasi 3HaYEHHE YJHAeJb-
HOTO BeCa B KPHTHUECKOH TOYKeE. -
\ Ta6auma 2

KpHTHYeCKHE BeJHYHHbBI JIJISI npenaeiyibHbIX yriesoaoponos

v

——




(Q0Fs A e ¢
‘;‘..-4,

———

S e e b Sl oa e

Sk s

SPIESU S
¥

i

TETY ™ - SRR -
B Taba. 2 npHBOAATCH HANACHHHE HAMM SHAYCHHS KPHTHYECKHX BEJH-
"GUH XAA AJKAHOB. 34
Ha puc. 3 npeacras/iena 3aBHCHMOCTb : Has 5
: AUCH |
._)I’;L:)L‘_:f(_"!',)' (4)
Apog — Mg L e
#3 KOTOPOil BHAHO, 4YTO BCE 3KCIIEPHUMEHTA/bHHE JaHHBIE [PeJeAbHbX
YrACBOJOPOAOB JIEXKAT HA OHOH KPHBOW CO CpeJiHUM OTKJAOHeHHeM -+3%,
‘T, €. B Npeaesax JAonyCKaeMHX MNPH ONpiTaX OmMMOOK usmepenuit. Taxkum
o6pa3oM, UMeeT MeCTO BechbMa XOpo-
w uiee NO/ITBEPXKICHHE 3aKOHA COOTBeT-
CTBEHHBIX COCTOSIHEH JJIA KJjacca npe-
" AEAbHBIX YTJeBONOPOJAOB B KOOPAH-
An * ’
.60 HaTax 'A—r o T .
Meman }(? K & "
sl aman % | | Ha ocHOBaHuM aHa/u3a YCAOBHiL
« nponak ¢ n0A00HS MOJEKYJSIPHHX TPOLEccos
3 ol ¥ Byman © j B KagecTBe 0606IEHHA ONBITHBIX JAaH-
lx H 2eKCaH -
::Lv o i gonmay /f" ubix A. I'. Yemanos [9] npemnoxua
e Sk e o o CJAeAYIOMYI0 (PYHKIIHOHANbHYIO 3aBH-
i 6,511 CHMOCTb H
" : Wi Kax
o 7 —f (ﬁz—i—), (5) ralorﬁ
wp— Gas R - (mops/
: rae KpHBO
05 w0 5 20 25 d0 35
i Sy H S$;—abCoNIOTHbIE 3HAYEHHA 3HTPO-
9 MHH rasa MPH TeMIepaTypax
PHe. 3. TenaOnpoBOREOCTD NPeAEAbHBIX t, u ty,
yrAERONOPOXOB B KOOPAHHATAX R—yuuBepcanbHas rasopas nec- L
}‘pl—)‘l ¥ TOsIHHas, - B.iCa
e Gss—MacliTabHuil  TenJgoBoH mno- 2,
@by e T i TOK, COOTBETCTBY IOLIK{i H3Me- 3.
HEHHIO SHTPONHH AS =351 — §;; (as= Ms(t; —t,), Tex:.’
¢—NOTOK TeN/Ja IPH H3IMEHEHHU SHTPONHH HA S; — §;; s a8,
i Y 5. 1%
3aBucumoctb  (5)  MbI T s 'é-
MCTIO/NB30BAJH NI  060061e- R e L 24, nid
HUA SKCIIE PUMEHTAJIbHEIX IaH- iy A o
HHX 10 TEIIONPOBOLHOCTH p ccee
H-reKcaHa M H-rentaHa. lJas l(l)v
TEeNJAONPOBOXHOCTH  MeTana st R
Takoe 06o6IlueHHe yxe cae- [ J D)
aavo Ycmawosmum [9]. Ilpm ~ g 5, N
5TOM OH MOJYYHA XOPOIIHH 0 ot efew] o
pe3yJbTar. | o] 428 |- "1
OGo6uieune 1o  sTany, | 1= & 15
Tiponany u #-GyTaHy He npen- |— . =5 1953,
CTaBAANOCh BO3MOXHBIM, TAK g s . ey g r % 6’5
KaK CBeJACHHsI N0 TelJ0npo- ; - 17
BOJAHOCTH 3THX YIAE€BOAOPO- q S =S5, Ny
OB OXBATHIBAIOT HeGoabuiofi PHC. 4. 3asuckMocts 27 OT AAA H-TEK- 12
JManasoH TeMNeparyp. Ehitn :
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5 KPUECKHX BOJH-
.

%
B

(4)

1aHHble TpeJesbHBIX
OTKJOHEHHeM +39%,
- uamepeHuit. Takum
MECTO BeCbMa XO0po-
HHE 3aKOHA COOTBET-
HEH JJIR KJacca npe-
MIODOZOB B KOOPAH-

i1 aHAaJH3a YCJAOBHMI
JASIPHHX  1IPOIeCcCoB
EHHS| ONBITHHX JIaH~
Hos [9] mpemaoxwa
IKILHOHANBHYIO 3aBH-

iy — 8§ '
b e

Hble 3HAYEHHA SHTPO-
1 NpH TeMmnepaTypax

1/IbHAA Ta3oBas Mnec-
\

HEl TemJaoBOH mo-

rBETCTBY IO H3ME-
i tl)'
b2 — 815
T 11705 B0
s (S 100l
4829 «
“r
of KefoK’
i it
4
Ll
2 4 6
. SQ_S,
e 1A =P CK %
R -

B AT S
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e

3Hauenne SHTPODMH H-TeKCaHa M H-rentana Opaauch u3 |16, 18].
J/a BHpaxeHus 3HaYeHHH IHTPONHH B aOCONIOTHON BesWuHHE NOJAbL3OBA-
AuChL auTeparypoit [1].

26t H10]
plﬁi"'muﬂlﬂeﬂ ! i
20 1,
6 s
>
J (K2 fom j
ey 'fﬁt il
9 -y
o200
,a-‘”-“l,(‘ a0~ -
j 6 4 & -0+ 2 4 6 s 0
v S;~8
Puc. 5. 3aBHCHMOCTH I_or 22"l aa% w-rentana
T qAs R

Ha puc. 4 1 5 npouaNIOCTPHPOBaHE pe3ysbTaThl 0605merun no (5).
Kak BHAHO M3 pHCYHKOB, -3KCOEPMMEHTaJbHbIE TOYKH XOpPOIIO pacnosa-
raloTCs Ha OJHONM KPUBOH 3aBHCHMOCTH C HEe3HAYHTeJbHHM pa3bpocom

- (nopsiaxka 3%). 3HauuTeAbHBIC OTKJOHEHHS Ha6/I0JAIOTCA JIWUIB , OKOAO

KPHBOW HAacChlHIeHHs,
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