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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
: pr. 113=11%
fiziko-matematicheskikh i tekhnicheskikh nauk, ¥m% No. 6u(June, 1962.

' Mow
The considerable amount of experimental material which haq(been

gathered together in connection with the thérmal conductivity. of
saturated hydrocarbons at various temperatures and high pressures
calls for the gewevalizakiow 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/, n-butane up to 1132 5"
2
and n-heaxane, n-heptane, and n-octane up to 500 kg/em™ /S/.

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

cesbricked 1 .
iszfor various reasons iismted.

In order to correlate and generalize %he experimental data relabuig &
on the thermal conductivity of gases,we may use. a functional re-
lationship obtained on the principle of corresponding states in

the form

B T (i)
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Where.....ig§ the thermal conductivity at pressure p and temperature t,
cesesis the thermal conductivity at atmospheriec pressure and
temperature t,

evssseis the reduced pressure....., and

eesesis the reduced temperature.csess .

We verified relation (1) for saturated hydrocarboms (Fig. 1).
Ih order to mmex plot the graph corresponding to‘relationv(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
es...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 considerably frem for
different hydrocarbons. At the same time, the discrepancies become
much smaller as the reduced temperature.....and the atomicity of
the hydrocarbons increase.

Thegis:zzotherxelationship linking the thermal conductivity
of ®= liquids and gases with the specific gravity @

‘o reRaps SRk
()
wheTe.ss..is the specific heat of the linuid or gas.

We verified this relationship by pqﬁtting a jraph in coord-
inates 0f.....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 174 105 17/




Dependence of the roteo
Rey ;

Fig. 1. Ikiens . ++..f0or saturated hydrocarbons on the

reduced pressure.....for various reduced temperaturef.... .

Key

1) Methane
2) Ethane

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

.

| Figure 2 shows one of the graphs (for n-hexane) representing
may be pletted
relation (2) ; for the other hydrocarbons there—ape similar graphﬁf
Table 1 gives the relation between os'assBneiseneior the' Bat=
urated hydrocarbonds in question. We constructed this table by
analyzing experimental data.
All the experimental points fit neatly on a single averaged
- W -
curve of the kind represented by (2). They/scatter of these points
on either side of the most probable curve joining the experimental

vals :
results awemases 2 to 3% for each hydrocarbon. The greatest de-

wym viation occurs for the gaseous state.

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

cific gravity.
Key
1) cal/cm.sec.deg

2) g/cm3
3) ty and py
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Corresponding to relation (2), N. B. Vargaftik /2/ proposed
the following empirical equation :

cosveRape 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 oflspedific 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 %S% of the temperature and pressure dependence of thé

viscosity of gases and liquids /3/.

Table 1
Thermal Conductivity of Saturated Hydrocarbons as a Function 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)




Heree.sss«.is the thermal conductivity at the critical temper-
ature and pressure,

essssis the thermal conductivity at atmospheric pressure and the
critical temperature, and

seessis the specific gravity 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 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, °x
12) g/cm3
1%) cal/cm.sec. C
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Table 2 shows mEkX our values of the critical parameters for the
alkanes.,

Figure 3 represents the relationship

i Raps 116 ()

from which we see that all the expérimental 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 coordinateSesess o

———

Fig. 3. Thermal conductivity of saturated hydrocarbons in co-

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

7) n-octane

&Y i

After analyzing the similarity conditions of molecular processes,

(as a generalization of experimental dg{glé;:i; Usmanov /9/ pro-

posed the following functional relationship

A Haga 118 : (g)

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

at temperatures t1 and t2,
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R is the universal gas constant,

essesis the scaling thermal flux corresponding to a change of
entropyecese,

q is the thermal flux corresponding to an entropy change S5= 84

Q= ey

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-hexane.

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 bréught to the absolute scale from pub-

lished data /1/.

Fig. 5. Relation between...s.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. ®. ToayGjes

MyxTosnd TéMnepaTypia Bd jYKCOK TI3JHIND
nojMym/\hugpoxapﬁona'mapun HCTHIHKKEYHPMICH

XYJIACO

Jojmyur huapokapGOHATAAPEIH HCTHAHKKEUHPMOICHHD dH], anabujjaTaa
OnaH M9’ JyMATAAp OHJAPHIH YMYMHJISMIAMPHAMICHHD hai-hasupaa uM-
Kan Bepup. MyX7To/H( TOArHTATYLIAAP TIPIPUHASH eKCliepHMeHTan jojsa
huapoxapOOHAT/IAPAAH METaHBIH HCTHAMKKEUHPMICH 500, erauwin 270,
nponanu 292, #-6yranbiy 1132, #-hekcaHbiH, H-henTaHbIH B9 #-OKTAHLIH HCTH-
ankkeunpmack 500 x2/cH? TIIJUTHHD TIJAIP TO'jHH ONYHMYLILYD.

Morasoas MCTUAHKKEUHPMd M’ JAyMaT/NapeiHbl YMYMUASMIAHPMIK YHYH
ma'aym onman (1), (2), (3), (5) B9 MydAIHIIPHH Tokaud erauju (4) ace-
ABINLITAAPBIHIAH HCTHDANS eNMJIMHIAHD.

dynkcuoHax ackabIbr (1) Kejpnjjor udhoTHHUD HCTHAHKKEUHDMOIHHH
TeMIepaTyp B TI3JHIJASH ACHLUIBUILIFHHH JY3KYH JKC TAHPAH[HHD 6ax-
Majapar, nojMyix huipoxapGoHaT/iap CHH(H YYYH japamuip (1-9n WIKAI
6ax). MCTHAMKKeYHPMIHHH Maje BD ras/apblH XYCYCH YSKHCH HJ9 oJa-
FCHHH KOCTOPIH acChUIBLILIT (2) MeTana, eTaHa, Nponaxa, x-6yTana, H-hex-
CaHa, H-henTama B9 H-OKTAHA TITGHT eIMJAMIK/D jOXAaHBIAMBILABD. JOX-
JaMa KOCTOPMHIIZHD KH, HCTHAHKKEUMPMIHHH ChHIXJBITAAH 6upTIPIPIH.
aCHIBIABIFL ROFPYAYD (2-uu maka9 6ax). H. B. Bapradrukun ToKAH(] eT-
IMju TOHJAKK (3) janHel3 MOMAYXN CHIXJIBIT HHTEpBAaJbIHAA IYSKYHAYD.

YjryH hannap rauyHyHIaH aJAbIHMBILIL B3 MYIH(PAIPHH TIKAUD eTIHK-

" n9pu QYHKCHOHAA AachBLIHIT (4) GYTYH AOjMyIl hugpokap6onaTaap CHH-

¥ YuYH WOX jaXMIbl HOTHYD BePMUULAUD (3-4y MIOKAD 6ax).

Ejus 3amanzga, mMoraaafa‘'A. I'. YcMaHOBYH HCTHAMKKEUHDMOIHHH €H-
TPOMHKjafaK AaCHLIBLIALIFEIHE BepPIH ~Tomauju (5) #-hekcana B9 H-henraHa
TOTOHI eNUAMIK/S jOX/JAHHAMBII BY KHAJITAIHAHDHNH HITHYS aAABIH-
MBILAHD (4—5-91 MIKUAAID).
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3—4Wy woKkHARIPAS
TYD MOACTHH/ID jHIFRII-
ARAMHIIAHD.

TAIPUHAD uwdMucu 216
CHHID T JHH e AHJAMHUI
AbIMJIA JIDJMIUIH THj-
9 HaTHudAdp 1, 2 BO

Il B9 BapuacHja exH-
FHIHA B9 KeYHung Ipo-
aeip.  Monenasiugup-
apJaMa CHpKYyJjachja
pH Auanasony Gesa-

1 ==1Q oayp,

1= 10 oayp,

7 =15 oayp.

K TOH3HM CHCTEMHHHH

HWH HITHYICH pujasu
9 eIUAMD.

ki M

A39PBAJYAH CCP EJIMJIOP AKALEMHJACDBIHBIH X9BOPJ/I9PH
Du3uKa-pHjasujjaT B2 Texuuka eIMIOpH cepujacel, 1962, Ne 6.

.

HW3BECTHS AKAIEMHH HAYK A3EPBAMII)KAHCKOW CCP
Cepust (PH3NKO-MATEMATHUECKHX H TeXHHYECK(X Hayk, 1962, No 6

Sl. M. HABHER, H. . TOJYBEB

TEIVIONPOBOAHOCTDb NMPEAEABHbIX YIJIEBOAOPOA0OB
[NPU PA3JIMYHBIX TEMIIEPATYPAX
W BbICOKMX NABJIEHMAX

Hakonusmeeca konnuecrso SKCIEPHMEHTANBHHEX JAHHHX 10 TeLJA0OnpPO-
BOAHOCTH MNPeNeNbHBIX YTACBOAOPOAOB MDH Pa3JIHYHBIX TeMIIepaTypax
BbICOKMX AABJIEHHSX NMO3BOASAET 06OGIIMUTH HX.

OKCNePHMeHTAIbHO OmpeeieHa Pa3AHYHBIMH MCCJACAOBATEASMH Tell-
“IONPOBOAHOCTb MetaHa a0 500 [6, 8, 11, 14, 15], srana mo 270 [11, 13,
15], mponana a0 292 [13], x-6yrana no 1132 [12] u n-rekcana, x-rentana,
#-oxtana 10 500 xz/ca® [5).

HsBecTHO Goabmoe uucao TEOPETHIECKHX H SMOHUPUIECKHX (opMmy.,
BHPAXAIOMHUX 3aBHCHMOCTb TEIJIONPOBOLHOCTH OT TeMNepaTypsl H jAaBae-
HudA. TIpuMeHaeMOocTs 6OAbMIHHCTBA 3THX GopMysr DO PA3AHIHBIM MPHUH-
HdM OrpaHHYyeHa.

Hasi 06061meHus ONBITHBIX AAHHEX 110 TENAONPOBOAHOCTH Ta30B IpHU-
MEHSETC (YHKUHOHANbHAA 3aBHCHMOCTD, -TIONy4eHHAsl HA OCHOBE TPHH-
{[HN1d COOTBETCTBEHHBIX COCTOSIHHUIT, B BHIe :

Bt fx, v), ' (1)

rAe  Ap (—TenJi0npOBOAHOCTL NPH AABACHHH P W Temumeparype f,

At—TenIoNpPCBOAHOCTb NpPH aTMOCQEPHOM AaBACHHH W TeMlepary-
pe t,

T—IMPHBENECHHOE JABJEHHE, T =

T—TNpHBeJEHHAs TeMmIeparypa, © =

K

Coorromenue (1) 610 nposépeuo HaMH s NPeAeAbHBX YIAeBOL0-
poaos (pue. 1). [lasn nocrpoexus rpaduxa 3aBucumoctu (1) 3KCIepUMeH-
TaJbHLIC JAHHHE CHaYa/a HHTEPNOAHPOBAJNHCL HA OAMHAKOBHLIE 3HAYEHHS
OpHBENCHHHX TeMneparyp. ['paduku CcTpousuch 1o nsorepMam t = 0,9;
1,0: 1],1 u 1,2 B uHTEpBaNe AaBJeHHs = OT 1 R0 16. 3nauenus r¢ GpanHCh
u3s [4].
' [I/Ia PHC. 1 BHAHO, YTO 3aKOH COOTBETCTBEHHBIX COCTOSIHHH XaeT TOALKO.
KAYCCTBEHHYIO KapTWHY H3MEHEHHS TeNAONPOBOLHOCTH NpeAeNbHEX yrie-
BONOPOAOB C TeMmepaTypoi M aaBieHHeM; H30TeDMB ONHHAKOBBIX T A/

113
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Pa3AMYHBIX YIAEBOJIOPOJAOB CHABHO PpacxXoisTcs. B TO ke BpeMs C yBe-.

JHYEHHEM T W aTOMHOCTH YTIJAeBONOPOJOB pacXo0XieHHsi 3aMETHO yMeE€Hb-
mamTcH.

HaBecTHa 3aBHCHMOCTBb, CBs3biBalollas TenJAONPOBOAHOCTL XHAKOCTH
H TasoB C yaeJaAbHbBIM BeCOM:

Mot—h=f(1), | (2)

rie y—yJesabHblil BeC XuaxkoctH (rasa).
STa 3aBHCHMOCTD npoBepsJach HaMH C OOCTpOeHHeM rpauxka B KO-
opaunatax (Ap, t— Ah) — Y AaA MeTaHa, sfana, nponana, #-6yraHa, H-TeK-
CaHa, H-rentasa M H-OKTaHa

K [ o MOTH | JNsl BCeX HMCCJAe/J0BAaHHHX HHTEp-
B adbur Ba/NOB JABJEHKI W TeMmepatyp.
e [ o K Ggman | 3uauenns y Gpaauch H3 |7, 10,

3 | Anéwmm 17]

5 i I o A.eenmen. .
) R 52 Ha puc. 2 moxasan oguH u3
7 03 rpaHKOB (AAs1 H-TE€KCaHa) 3aBH-

o

4
S AR BT — CUMOCTH (2); AAsl APYTHX yrae-
a.lt, ,& e ~%  BOAOPOAOB rpaduKH TMOXOOHHI
oar—1T 1 | _t  stOMY.

- ;P'i‘:w_qr—o——-""* B ta6n. 1 paercs 3aBHCH-
/"41"*‘ MOCTb AN = kp,{ — At OT 7 HAS

Ve : l —;  BHIIEYNOMSHYTHIX mNpeie/bHHX
M S 0 yraesonoponos. Tabawma co-
& CTaBJeHAa HaMu B pe3yJabTaTe:

At 06paboTKH 3KCIEePHMEeRTAIbHbIX
Puc. 1. 3aBucumoctn T MR UPEACIbHHX  NaHHBIX.

yrAeBOJOPONOB OT NPHBEICHHOTO AABICHHA T Bce  skcmepuMenTasbHbIE
TIpH PasAHYHbIX NPUBEJEHHHIX TeMnepaTypax =  TOYKH XOpOIIO pacnoJaraanCb Ha
ONHOK  yCpDeZHEeHHOH  KpPHBOH

3aBHCHMOCTH (2). Pasbpoc Touek AAs KaxAOTO YraeBOAOPOAA OKOAOQ:
HanGoJee BepOATHON KDPHBOM, COENUHSIOMEH SKCOePHMEHTaNbHBIE TOUKH,.

B CpenHeM coctaBaser 2—3%. '

Ilpuaem  GOnbmue  OTKJIOHEHHS
HMEIOT MECTO IJsi Ira3000pasHOro 4
COCTOSIHHS. :
COOTBETCTBEHHO 3aBHCHMCCTH s bl S
(2) H. B. Bapradruk [2] npexnao- = o 262
HUA  CHeNylolee  SMIOMPHUECKOE  SIE g |— oir i
ypaBHeHHe: Slx s ot 4
n S 2000 | :,Igflza i
bt =A -+ By", 3) = 2%’ ?@Y
rae B W n—nocrosuune, onpene- F a4
JsieMble AJs KaX<Aoro v ag
BeLIeCTBa MO 3KCre- bl S -7 V(ﬂ
PUMEHTa/NbHLIM  J1aH- by s
HBIM. o B
Hawn Buuuesenns u Bwumc- 4 wil
JeHHus  JPDYTHX  HCCJAeoBaTeseil UL L
DOKAa3HBAIOT, YTO YpaBHeHHe (3) 8

CNPaBeIHBO JIHIDb B OrpaHHYEH-
HOM HHTEpBaJe VJIEJAbHOro Beca.
O6o6mammyio  3aBHCHMOCTb

.PHc. 2. 3aBHCHMOCTD TENONPOBORHOCTH
H-TEKCaHa OT YAeJIbHOro Beca

TENJAONDOBOAHOCTH OT YAeJbHOro Beca mJasi KJaacca npesejbHHX YrJa€BoO-.

JLOpOJlOB MOXHO IlOle‘lHTb, HOJIBByZCb 33KOHOM COOTBQTC‘PBEHHHX COCTOA ~
114 ! '
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X

DKNEeHHSE 3aMeTHO Yuensn-

ONPOBOAHOCTH HHIAKOCTH

(2)

poeudeM rpaguka B ko-
ynana, H-OyTana, H-rek-
-TeNTaBa M  H-OKTana
X MICCIeIOBAHHHX HHTep-
1aBJACHHI H Temneparyp.
14 1 Opanuce u3 |7, 10,

PHC. 2 mOKasaH oguu u3
B (1451 H-TeKcana) 3apH-
(2); mas apyrax yrae-
OB rpaHKd mogo6HbI

164. 1 paercs 3aBucu--
A= hp, t — At OT T AAS
MAHYTHIX  [peHe/bHHX
ponoB. Tabauma co-
 HaMH B pesyabTare
H 3KCHePHMERTANBHLIX.

SKCIIepUMEHTaNbHbI @
POIIO pacroJarasuch Ha
{CPEAHEHHOH  KpHBO#
_ YTJIEBOAOPOJA OKOJ0:
:PHMEHTaNbHLIE TOYKH,.

{ Kbpmuue- Kpurnue- At +107%, | Ay 107, Ap, ty, - 107,
Y rAeBOAOPO/ibl na::::u i e;‘:}i’;a_ Vo 2]eM)  kaa | K@A wan .
ama | Typa, °K cie-cex °C cae-cex °C| ca-cex °Co 1 !
Meran | 47,3 191,06 0,1623 487 720 1207
Jran . ; 49,8 305,46 | 0,203 534 561 | + 1095
B! Mponas - ' 43,4 369,96 | 0,224 650 505 | . 1155
” "?,,";?"90'30&"0"" n-ByTau 372 425,96 | 02275 755 | 488 1243
| by n-TlenTan 341 | 470,36 | 0,234 8031} pra i e
[pemenbHN H-T'excan -7 30,6 507,96 0.234 - 872 453 1325
X yrieso- g =
n-Tentan = . 27,8 539,96 0,2341 895 437 1332
'CTCTBEHHHIX cocTOR - #-OKTal ‘]~ 255 569,36 | 0,2327 910 427 1337
e : 115
vr——

HE BpeMs C yae-.

_meparype.

Ta6bamuna 1

3aBHCHMOCTh TENJONPOBOAHOCTH NpellelbHbIX YrAeBUA0POAOB OT YIeAbHOTO Beca
(Aps t—At) - 107, Kan|ca-cex°C

2eu’ Meran D1au Iponax | w-Byran | n-Tekcan | #-Tentan | #-Oxran

L CH, C,Hg CyHg ’ C.Hjo CiHy C:Hye CyHyg
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

. 0,20 950 550 440 420 365 350 348
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 o li - 1740 1645 1455 1382 - 1410
0,55 — i 2 2285 2030 1800 1710 1715
0,60 — — -— 2575 2230 2125 2090
0,65 - a — — 2760 2575 2520
0,70 — 1 — —- — 3400 3115 3025
075 | —_ ; — — — — 3695 360

|

Huil, nomo6HO TOMYy, Kak 9TO OblAO CA€JAHO B [3] mas s3aBHCHMOCTH

BSI3KOCTH ras3oB U JKHIKOCTEH OT TeMoeparypel H JIaBJICHHA.
CorJsacHo NPpAHIHITY COOTBETCTBEHHHX COCTOSIHUH MOXHO II0JIAraTh,

B 3aBHCHMOCTH OT — OYRyT pacnosararscs

)\p. Y A
S b

Moty — My
Ha OJHOIl M TOH e KPHBOH AJs BCEX a/KaHOB.
31ech Ap, i, —TeMIONPOBOJHOCTL NMPH KPHTHYECKOM NABJCHHM M KDH-

THYeCKOii TeMIeparype,
Ay —TEIJIONDOBOAHOCTD TPH aTMOC(epHOM NaBAEHHH H KPHTHYECKOiL

Temoeparype,
{k—YAeJbHBIH BeC IpH

4yTO 3HAYCHHUS

KPHTUYECKOM JaBJE€HHH H KpHTH‘IECKOﬁ TEM~

Uro6bl MPUMEHHTb TaKylo 3aBHCHMOCTb, MNpEXJe BCErc HEOOXOAMMO
3HATh BEAHUHHY.AAg = Ap, 1), — My AIA KQKIOTO yr/aeBoA0pOJa. DTy BeAH-

YuHYy MOXHO HadTH H3 rpaduKoB 3aBHCHMOCTH (2), 3Has 3HaYeHHe yAe/b-
HOTO Beca B KPHTHUYECKOH TOYKe. :
\ Ta6auma 2

KpHTqucKHe BeJHYHHbBI JU'IH npeneyibHbIX yrieBoaoponos

Efamas i
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B Ta6a. 2 npHBOAATCH HANACHHHE HAMH 3HAYCHHS KPHTHUECKHX -BeJH-

"UH AJAS AJKAHOB. 3
Ha puc. 3 npeacrasiera 3aBUCHMOCTH Has 5
' AUCDH |
Dot—h :f(_? ) (4)
A = My L T
#3 KOTOPO# BHAHO, 4YTO BCE 3KCIEPHMEHTA/bHbEe JaHHBIE [pefeabHbX
YrA€BOAOPOAOB JIEXKAT HA OXHOM KPHBOW CO CpeJiEUM OTKJAOHeHHeM +3%,
‘T, €. B Npejesax JNONyCKaeMHX MNP ONbITaX OmMMO0K usmepenuit. Taxmm .
06pa3oM, UMeeT MeCTO BeCbMa XOpO- !
w liee NO/ATBEPKACHHE 3aKOHA COOTBET-
CTBEHHBIX COCTOSIHEH JJIA KJacca npe-
- AeNbHBX YT/IeBONOPONOB B KOOpPIH-
AR HaTax ZTA_ LT
P MOMmaH ? » .
P s Ha ocHOBanuu anaausa ycaosuii
« nponak 4 noAo0Hs MOJEKYJSIPHHX TPOLeccoB
8 ol 2 # Gyman j B KayecTBe 0GOGILIEHHs OTMBITHHX JAaH-
"N £ 0o u 2eKCaH -
5‘5 b # gonma upix A. I'. Yemanos [9] npemaoxua
it LR aias P ot CHAeAYIOMYI0 (PYHKIIHOHANBHYIO 33aBH-
| CHMOCTb : 3 H
p_gL-»v—Jn— : ?/{A - q Sy~ 8y ( Kax q
= f (-————), (5) raioTc
P Dl Gas R ’ - (mops)
et rxe KpHEO
05 0 15 20 25 30 35
i S; H S,—a0CoNIOTHBIE 3HAYEHHA 3HTPO-
? NHH Ta3a NPH TeMIepaTypax
Pre. 3. TenAonpoOBOAHOCTb 1peieAbHBIX t, uty,
YrAEROROPOROB B KOOPAHHATAX R—yuuBepcanbhas rasopasi nec- L
lpt—'ll v ! TOsAAHHAsA, B
e Gss—MacmTabHuil  TenJoBoH mo- 2
Pl e T il TOK, COOTBETCTBY IOIIHi H3Me- 3.
HEHHIO SHTPONHH AS =381 — 5;; qas=has(t1 — £;), rex:.'i
g—TMDTOK TeNJa IPH H3IMEHEHHU SHTPOMHUH HA Sy — S;; 0,
Mt — ¢ : 15, 194
q (% 1)- 7163
3apucumocts  (8)  MmI T T a0 g'
WCTIO/AB30BaJH I  060061e- g {ldi™ M) 24wk
HUS SKCNIe PUMEHTAJbHBIX JIaH- e " 9.
HHX [0 TEeIJONPOBOLHOCTH p cccer
H-rexcaHa u H-renrtaHa. IlJas l l?v
TEeNJIONPOBOXHOCTH  MeTaHa 71 - gy
rakoe 0606uieHHe yxe cme- [ J 19
aaHo YcmawoBum [9]. Ilpm ° - 5, N
5TOM OH MOJYYHJA XOPOIIHH g ‘.’;,;“"“"’ T G
pe3yJibTar. rad S281 s Y14
O606iieHse Mo  3Tany, 1] i 15
niponany ¥ #-GyTaHy He npem- 1 ’ =5 1953, -
CTaBASAAOCh BO3MOXHBIM, TAK 4 . = PR Y g - % 6“’
KaKk CBeJEHHsl MO Tela0npo- - 17,
BOJHOCTH 3THX YIJEBOJAODPO- q Si=S; Ny
JI0B OXBaTHLIBAlOT HeGosbuiofi PHC 4. 33“”¢""°CT";)T°T Tp L ARATHcTeR 18
JMaNa30H TeMIepaTyp. chita ;
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1 KpWUSCKHX BEsH-
L]

0

(4)

laHHble IIpegesbHBIX
OTKJIOHEHHeM 439,
. usmepenui.. Takum
MECTO BeCbMa XO0po-
HHE 3aKOHA COOTBET-
HEH JAJR KJacca mpe-
IOPOJIOB B KOOpPAH-

i1 aHAJAH33a YCJAOBHI
JISIPHRX  1IPOLeCCOB
[IeHHs ONBITHBIX JaH-
Hos [9] mpennoxuxa
IKILHOHANbHYIO 3aBH-

iy — 8 '
) e

\
Hble 3HAYEHHA SHTPO-
1 NPH TeMmImepaTtypax

JbHAA Ta30Basn IecC-
i

HB  TemaoOBOH mo-
rBETCTBY IO M H3ME-
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3HauenHe SHTPODMM H-TEKCaHa M H-rentaa Gpaauch u3 |16, 18].
Ias BupaxXeMus 3HaueHuil SHTPONHH B a6CONIOTHON BeAnuHHe NOAL3OBA-
AUCHL AuTepatypoit [1].
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Puc. 5. 3asucHmocth TOT ——— a9 u-rentana

qAs

Ha puc. 4 m 5 npoMANIOCTPHPOBAHE! Pe3yJbTaThl 0605menun no (5).
Kaxk BMAHO M3 pHCYHKOB, -3KCHEDHMEHTaJbHble TOYKH XOPOLIO pacnoJa-
raloTCsA Ha OZHOW KPHBOH 3aBHCHMOCTH € He3BaUHTEeJbHHM pa3bpocom

-(nopaaxa 3%). 3HaUMTENbHbHIC OTKJIOHEHHS HAGJIONAIOTCS JHWIb , OKOXO

KPHBOW HaChIHIE€HHS,
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