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Heat conductivity.K ~as mea~U:~ed for 6.4% solution. 
of 
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He ·- ·· · 
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Ite in the 'temperature range from o,OOB"K to 0,1°K' • \ 

For the region· lower than o,01°K: the dependence -is obtain- 4 
ed KT = 30.5 erg/s.cm~ Measur.ement capillary diameter 
is 3.5 mm. 
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1. BeeoeHue 

3 ' 
. llpouecc TEmnonepe,Z:(atJn B cna6LIX pacTaopax He 

4 He npH HHJKIIX TeMnepaTypax o6ycnoiineH PH.llOM BJaiiMO·. 
· ' ,Z:(eHCTBHH Me>K.llY KBaJIItJaCTIIUaMII 3He H cl>oHOHaMII ·. 4 He . . 

06ruyro TeOpHIO npon;eCCOB .llllcl>cl>YJIIII H TennonpOBO.llHOCTH 
paciaopoa 3He- 4He imepBLiecoJ,Z:(anHXaiiaTHHKOBH::>Kap
Kos B 1957 r./1/. llpH TeMnepaType HII>Ke 0,010[(. CTOnKHO· 
BeHHH KBaJHqacrn~ 3 He .!:(pyr c .llPYrOM onpe,Z:(enH~T xo~' 
TennoripOBO.llHOCTH B · JaBHCIIMOCTH OT TeMnepaTypLI, ITOKa 
.llnHHa cso6o,Z:(aoro npo6era 3T'oro npouecca MeHLIIIe xa- ·· 
paKTepHoro paJMepa COCy,Z:(a. JiCXO.llH HJ KBa~HKnaCCH;_HiCKHX 
npe.!:(craa:neifnu, TennoripoBO.llHOCTb K cl>epMH- raJa KBaJn· · 
tJaCTHU 

3He MO>KHO Bblp~JIITb. B npH6nH>KeHHOM im.lle': 
"0 

J . 
K= 3 nc 3 >.v$ /1/ 

r.lle 
1 T$ 2 

A=--(-) 
11na 2 T 

- .!:(nHHacao6o,Z:(Horo npo6era, n ·tJHc· 

3 ' 
no KBaJHtJaCTHU He B e,Z:(HHHUe 06beMa, "':4>•. !.$ · cl>epMHeB: 
CKHe CKOpOCTb H Tel'.mepaTypa, c 3 - T • Te.IinoeMKOCTb Ha 
KBaJHY'acTHUY 

3 
He H a· 3cl>cl>eKTHBHbiH ,Z:(HaMeTp KBa3H'lac· 

- THUbl •. TaKHM o6pa30M. TennonpoBO,Z:(HOCTb cne,Z:(yeT JaBH" 
CHMOCTH K= [3/1, r.!:(e . {3 3aBHCHT TORLKO OT KOHUeHTpan;HH 
paCTBOpil. B- o6naCTH TeMnepaTyp Bbiiiie 0,02s=K ,!:(0- 0,5°K 
TerinohpoBO.llHOCTL paJ6aaneHHoro pacTBopa onpe,Z:(en~eTcH 
B3aHMO,Z:(eHCTBHeM cPOHOHOB 4 He CO CTeHKaMH. cocy.na,, HX 
nornorueHJH~M npH CTOnKHOBeHHSX C KBa3HtJaCTHUaMH . 3He 
/npouecc Ja+yxaHHs nepaoro 3ayKa, 'o6ycnosneHHLiii BH3-

3 ' 



KOCThiO 3 He I H ynpyrHM: pacce:mueM na :rmaJnqacTuuax 

~He. ,D;m1 3THX npoueccoB BaiiM H 36Hep /2/ · BhinOJIHHJIH 

TeopeTH'IeCKHH pac'leT H ~aJIH onncaHHe TennonpOBO~HOCTH 

H ~JIHHhi CBo6o~Horo npo6era. B 3TOH o6nacTH TeMnepa TYP 

TeOpH.H He ~aeT TaKOH npOCTOH TeMnepaTypHOH 3aBHCHMO

CTH K OT T, KaK B o6JiaCTH HH)Ke 0,01°K. TennonpoBo~
HOCTh Me~JieiiHO paCTeT npH nOBhiWeHHH TeMnepa Typhl 

nponopUHOHaJihHO "T B CTeneHH MeHbiiie e~HHHUhl. IlpH6JIH-

3HTeJibHO OT 0,6<]{ · ~0 1,2°K TennonpOBO~HOCTh onpe~eJI.HeTC.H 
B ocHOBHOM a3allMo~eiicTBHeM KBa3H'Ia'CTHU 3He c poToHaMH 

4He. 
H3MepeHHH TennonpoBO~HOCTH 10/o- H 511/o-Horo pacTBOp~~ 

6biJIH C~eJiaHbl YHTJIH H ~p. B o6JiaCT.HX TeMnepaTyp OT 0,()()20!( 
~0 • 0;03°K /3/ H OT 0,035oK ~0 0,5°K/4~ 3KcnepuMeHTaJibHbie 

~aHHhie IITyxu Is{ nonyqeHHhie- ·a o6nacT~ oT ~·~li- ~o 
A. -TO'IKH, xopoiiio cornacyroTc.H c Teopueii 11. 

B ~aHHoii pa6oTe 6biJIH BhlnonHeHhi H3MepeHHH Tenno

npoBo~HOCTH ~n.H paCTBOpa paBHOBeCHOH KOHUeHTpaUHH ~ 
. B o6nacTH TeMnepaTyp .OT -0,008"1( ~o 0,1°K : :·B KanHJIJI.Hpe · 

~HaMeTpoM 3;5 MM. )J;aHHhiif cnoco6 H3MepeimH Tennonpo

BO~HOCTH paCTBOpa, HMeiO{Uero paBHOBeCHYIO KOHUeHTpaUHIO, 

B Haiiieii pa6oTe 6biJI Bbi6paH · nOTOMY, 'ITO HaH60JihWHH 

npaKTH'IeCKHH HHTepec HMeeT 3HaHHe TennonpOBO~HOCTH 

pacTBopa . HMeHHo c paBHoBecHoii KOHUeHTpauueii. · HaiiiH 

H3Mep·eHH.H 6biJIH BhlllOJIHeHbl B · CT~HOHapHbiX YCJIOBH.HX, 

B npoTHBonoJIO)KHOCTh pa6oTe YHTJIH 3~ r~e 3aMephi npoH3-

BO~HJIHCh BO BpeM.H OTorpeBa HH3KOTeMnepaTypHOH 'laCTH 

KpHOCTaTa C pa3MarHH'IHBaHHeM uepuii-M_arHHeBoro HHTpaTa 

IUMHI. 
)J;nnHa cBo6o~Horo npo6era ~OHOHHhiX npoueccoB npe

BhiiiiaeT 2 MM npu TeMnepaTypax HH)Ke 0,04°K I 2/. Ilpu 

0,1°K ' oHa cocTaBJI.HeT y)Ke HecKOJihKO ~ec.HThiX MHJIJIH

MeTpa. 3To 3Ha'IHT, 'ITO B o6nacTH Bhiiiie O,OlSOK, r~e 
~OHOHhl Ha'IHHaiOT onpe~eJI.HTb TennonpOBO~HOCTh, 'a HaWeM 

3KCnepHMeHTe CTOJIKHOBeHH.H ~OHOHOB 4He CO CTeHKOH 

KanHJIJI.Hpa ~OnOJIHHTeJihHO orpaHH'IHBaiOT TennonpOBO~

HOCTb. TaKHM o6pa3oM, HY)KHO no~qepKHYTh, 'ITO HaiiiH 

~aHHhie no TennonpoBo~HOCTH npu TeMnepaTypax Bhiiiie 

0,01S0K COOTBeTCTBYIOT TOJihKO ~HaMeTpy H3MepHTeJibHOro 

i<anunn-Hpa 3,5 MM, H npu ~pyrnx · ero pa3Mepax ~OJI)KHhl 
6biTb COOTBeTCTBYIOIUHM o6pa30M. H3MeHeHbl /4/. 

4 

'. 

r 
i 

I 
' 
I 

I ' 

) 

. ). 

I 

·,·: 
J 

2. Memoowca· ua~ttepeHuR 
_ .. ·~ 

. . . . . .. . . .·· . - ... ' . -3 4 . 
H._a puc. 1 npe.qcTaarieHa BaHHa pacTBopeHHH He B He 

~JIH H3MepeHHH TennonpoBO~HOCTH. B BaHHe pacTaopeHHH 

HaXO~HTC.H He60JibWOH ~biOap , H3rOTOBJieHHbiH H3 CTeKJia, 

c :BcTaBJieHHbiM~ BHYTPH TepMoMeTpOM H HarpeBaTeneM H3 

· KOHCTaHTaHOBOH npOBOJIOKH, HMeiO{UHM conpOTHBJieHHe OKO

JIO. 100 OM. 3TOT ~biOap C006{UaeTC.H C paCTBOpOM nocpe~,;, 
CTBOM KanHJIJIHpa C BHyTpeHHHM ~HaMeTpOM 3,5 MM. TeM--- -- - - ---- .. \ . - ·'-~-~---· 

nepa Typa Ha BepxHeM KOHI(e KanHJIJI.Ilp'C! 'Ii3Mep.HeTC.H BTOpbiM .. 

TepMoMeTpoM H3 UMH. 3~~eKTHBHoe OTHOWeHne nnoiUa~H 
KanHJIJI.Hpa K ero ~JIHHe T{UaTeJihliO H3Mep.HJIOCb H COCTaB

JI.HeT S/ e = 12,53.10-:-2 ±0.,03.10-2 " I CM;· Onpe~eJieHHe .· 

3JieKTpHqeCKOH MOIUHOCTH KOHCTaHTaHOBOrO HarpeBaTeJI.H 

npOH3BO~HJIOCb npH nOMOIUH H3MepeHH.H TOKa H na~eHH.H 

Hanp.H)KeJIH.H. Pa3HOCTh. TeMnepaTypbi Ha o6enx KoHuax . . 
I<:anHJIJI.Hpa npHpaBJIHBaJiaCb pa3HOCTII B noKa3aHH.HX ~BYX 

TepMoMeTpoB 113 UMH • 

OcHoBHa.H TPY~Hocn, 3aMepa cocTo.Hna B TOM, 'ITO 

113 -.3a nJIOXOH TennonpOBO~HOCTH B KanHJIJI.Hpe Hll)KHUH Tep

MOMeTp O'leHb ~OJirO He npHXO~HT B paBHOBeCue, a TaK KaK 

Ja apeM.H ycTaHoBneHHH paaHoBeCHH TeMnepaTypa BepxHero 

. fepMOMeTpa MO)KeT H3MeHHTbC.H no~ BJIH.HHHeM He60JihWHX 

necTa6HJihHOCTeii. B pa6oTe ycTaHOBKH B npe~enax ±0,0001~ 
TO 3aMep !i_~ cTaHoBHTCH HeTo'IHbiM. 3Ta TPY~HOCTh 6bma 

o6oii~eHa cne~YIOIUHM o6pa3oM: 6biJI npoHJBe~en 3Kcnepn

MeHT C TaKHM )Ke ~biOapOM, HO 6e3 HarpeBaTeJI.H H C Ka

nnJIJI.HpOM, S/'l KOToporo npn6nH3HTeJibHO B 20 pa3 6onbme, 

T .e. 6biJia CH.HTa "HyJieBa.H" :KaJIH6pOBKa. HH)KHero TepMO

MeTpa. 06a nOJIHKpHCTaJIJIH'IeCKHX UHJIHH~pa C ~JIHHOH, paB

HOii ~HaMeTpy, HMeJIH CTporo O~HHaKOBbie pa3Mepbi, O~HHa
KOBbiMH 6biJIH TaK)Ke K03~~HUHeHTbl B3aHMOHH,D;YKUHH KaT_y

WeK~ )J;JI.H Toro, 'IT06bl "HyJieBa.H" . KaJIH6pOBKa HH)KHero 

TepMOMeTpa He H3MeHHJiaCb B (, ~pyrHX 3KCnepHMeHTaX, 

6biJIH HaMOTaHbl cneunaJibHbie KaTymKH C nponHTKOH 3nOK

CH~HOH CMOJIOH /'IT06bi K03~~HUHeHTbl B3aHMOHH~YKUHH Ka~ 
. . - - -

TymeK He MeH.HJIHCb npOH3BOJibHO OT 3KCnepnMeHTa K 3KCne-

. pnMeHTy/. Ilocne 3Toro H3MepeHHe l'lT npoH3BO~Hnoch ro

pa3~o npoiUe, T .K. 6panacb pa3HOCTh Me)K~y- "Hy.rieBoii" 

JIHHHeH H paBHOBeCHbiMH 3HaqeHH.HMH HH)KHero TepMOMeTpa, 
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Puc. 1. BaHHa pacTBopeHHJI ~nJI H3MepeHHJI Tennonp0Bo~
HOCTH paCTBOpa. 
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Ha KOTOPLIH uecTa6unLHOCTH pe)i(uMa BJIH.s:nu Y*e · B oqeHL 

Manoii cTeneHH, TaK Kai< nepuo~ uecTa6HJILHOCTeii 6Lm Ha

MHoro MeHLWe BpeMeHH YCTaHOBJieHH.H paBHOBeCH.H. ~aJiee 

TennonpOBO~HOCTL BLiqHCJI.HJiaCL no H3BeCTHOMY COOTHOWe

HHIO 

. 
Q 3Ji 

·K= /3/ 
f). T (S/e) 

B Haweii pa6oTe He BBO~HJIHCL nonpaBKH, o6ycnoBJieHHLie 

TennonpoBo~HOCTLio cTeHoK KanunnJipa, TaK KaK, no np:H6nu

)KeHHhlM oneHKaM, MaKCHMaJILHOe HCKa)KeHHe pe3yJILTaTOB 

H3MepeHHH npeHe6pe)KHMO Mano 83- 3a nnoxoro TenJIOBOro 

KOHTaKTa ua rpaHune pacTBop-cTeKno u Manoii Tennonpo

BO~HOCTH caMoro. cTeKna. PonLIO no~Bo~.s:mux K HarpeBaTeJIIO 

npOBO~OB TaK)Ke MO)KHO npeHe6peqL, TaK KaK HCnOJIL30BaJIC.H 

Jiy)KeHLIH KOHCTaHTaH · ~HaMeTpOM 0,06 MM, 06Jia~aiOil{HH 
oqeHL MaJIOH TenJionpOBO~HOCTLIO H HyneBLIM 3JieKTpHqecKHM 

conpOTHBJieHHeM. rpa~HeHT TeMnepa TYPLI B~OJIL TepMOMeT· 

pOB ·. 6LIJI CBe~eH BLI60pOM 3a3opa. Me)K~y CTeHKaMH H 

TepMOMeTpaMH K TaKOH BeJIHqHHe, qTo MaKCHMaJILHa.H OWH6 • 

Ka B H3MepeHHH TeMn_epaTypLI He Morna npeBLIWaTL lo/o. 
OcHOBHa.H owu6Ka H3MepeHuii onpe~enJieTc.H rnaBHLIM o6pa-

30M HeToqHoCTLIO Kanu6poBKH . B BLICOKoTeMnepa TYPHOH 

06JiaCTH C nOMOil{LIO penepHLIX ToqeK /nepeXO~OB B CBepx· 

npOBO~JIIl{ee . COCTOJIHHe Ka~MH.ft H aJIIOMHHH.H/, a TaK*e 

C noMOil{LIO Kanu6poBaHHOro B o6naCTH_l-4°K yrOJILHOro 

TepMoMeTpa Tuna Allen-Bradley. ITpu oqeHL HH3KHX TeMne

paTypax B TepMoMeTpax·, H3 l(MH B03HHKan neperpeB, 

o6ycnoBneHHhlii B03~eiicTBHeM nepeMeHHoro non.s: npu H3-

MepeHHH BOCnpHHMqHBOCTH C nOMOil{LIO MOCTa nepeMeHHOro 

TOKa. ·Ha qacToTe 50 rn. ~n.H yMeHLWeHH.H HarpeBa TOK 

nepBJiqHhlX KaTyweK Bhl6npanc.H ·oqeHL ManLIM, a ~n.H Toro 

ino6hl qyBCTBHTeJILHOCTL MOCTa He na~aJia, B CXeMe no· 

TeHnnoMeTpa P- 56 B nenL H3MepeHH.H BTopuqHoro ToKa 

BKJiroqaJiC.H· KaTO~HLIH noBTOpHTenL, ·yaenuquBaiOil{HH qyB

CTBHTeJILHOCTL B HecKonLKO ~ecHTKOB · pa3. CyMMHpyg 

BhlwecKa3aHHo'e:, MLI oneHunu norpeWHOCTL pe3ynLTaToB 

B 5-7"/o~ 
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3. Peay/lbmalllbl u o6cyJKoeHue 

. Pe3yJII>TaTI>I H3MepeHHH npe,D;cTaaneHbi Ha pnc. 2. Hanni 
,D;aHHbie Jie~aT HeCKOJibKO BbiWe ,D;aHHbiX pa6oTbi YHTJIH 13 •41. 
B o6JiacTn TeMnepaTyp HH:>Ke O,Ol"K Mbi nonyqaeM K 7 = 
= 30,5 3prlceK.CM ,D;JIH 6,4o/o-uoro ·pacTaopa, Tor,D;a KaK 
H3 JIHHeHHOH 3aBHCHMOCTH TellJIOllpOBO,IJ;HOCTH- OT KOHI~eH

TpaUHH npHHHTbie ,D;JIH 6,4o/o-Horo pacTaopa ,D;aHHbie YHTJin/7/ -

,D;alOT K7 = 30 3prlceK.CM •. 3TO He60JibWOe paCXO:>K,D;e''' . 
MO:>KHO 06'bJICHHTb OWH6KaMH, .. yKa3aHHbiMH B pa60'!e 
I OKOJIO 1 Oo/o/, a Ta!OKe uawHMH own6KaMH npn KaJin6poaKe 

TepMOMeTpo'a 'loKOJIO 7o/ol, H TeM, 'ITO B pa6oTe / 3 / 3aMepbi 
,D;enaJinc~> a HecTaunouapn~>Ix ycnollnil:x H3- 3a oTorpe-aa· 6on~>- ·~·. 
woro 6JIOKa H3- IJ,MH, C llOMOIUblO KOToporo H3MepJIJiaCb • 
TeMnepaTypa. H3MepeunJI Tennonpoao,D;HOCTH In ,D;pyrnx 
BeJIH'IHHI MO:>KHO TO'IHO BbinOJIHHTb TOJibKO B CTaUHOHapHbiX 
ycnoBHHX. 3aMeTHM eiUe, 'ITO neT npJIMbiX reopeTH'IecKHX 
,D;aHHbiX ,IJ;JIH TellJIOllpOBO,D;HOCTH paBHOBeCHOrO paCTBOpa 
l6,4o/ol H 'ITO CYJUeCTByeT ,D;OB07bf0 60JibWOe paCXO)K,IJ;e}IHe 
Me:>K,D;Y ,D;aHHbiMH YHTJIH H ,D;p. 3 

,D;JIH 5o/o-uoro pacTaopa 
I K T = 24 3prlceK.cMI H TeopeTH'IeCKIJM/ pe3yJII>TaTaMH,, .· 
llOJiy'leHHbiMH .ztBYMH MeTO,D;aMH B pa6·oTe/ 7 127 3prlceK.CM . 
H 31,5 3prlceK.CMI. 

,[(JIH · o6JiaCTH · TeMnepaTyp BI>Iwe · o,OJSOK pacxo)K)J;eHne 
HaWJI/ pe3yJII>TaToa· c pe~yJII>TaTaMH ;BTopoH:· pa6oTbl YnT
JIH 14 Jie:>KHT a. rpaHnuax ,D;onycTHMLix own6oK. CorJiacHo 
pa6oTe_ /2/ Ha,D;O O:>KH,D;aTb, 'ITO B 06JiaCTH OT 0,0350J<. )J;O 
O,l"K KpnaaJI ,D;JIH 6,4o/o-uoro ·pacTaopa ,D;OJI:>Kiia Jie:>KaTb 
ue.cKOJibKO HH:>Ke · KpHBOH ,D;JIH So/o-uoro, ,[(naMeTp .uawero 
H3MepnTeJibHOro KanHJIJI11:pa a 1 7J' pa3 6on1>we Toro, 
KOTOpbiH HCll0Jlb30BaJIH aBTOpbl / 4 

• 3tlJtlJeKT llOBLlW.eHHJI 
TellJIOllpOBO,D;HOCTH )J;JIH KallHJIJIJipa ,D;HaMeTpOM 3,5MM f 4

f-3a 
4 

cqeT yMeHI>WeHHH BJIHHHHH CTOJIKHoBeHHH tiJouoHoB. He co 
cTeuKaMH KannmiHpa npeai>IwaeT 3tPtPeKT onncaiiHoro BbiWe 
llOHH:>KeHHH TellJIOllpOBO,IJ;HOCTH npH yaeJIH'IeHHH KOHUeHTpaUHH 
pacTaopa. B ,D;aHHOH o6.riacTH neT npocToro TeopeTH'IecKo
ro 3aKoHa 3aBHCHMOCTH TenJionpoao,D;HOCTH OT TeMnepa TYPI>I 
H KOHUeHTpaUHH H HeT TeopeTH'IeCKHX ,D;aHHbiX ,IJ;JIH paBHO
BeCHOrO pacTaopa, 'ITO ycJIO)KHJier npJIMoe cpaaHeune· c 
TeopneH:. 
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