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Eop!ICOB H.C., HeraHOB E.C., !l>ennep r. P8 - 7009 

HaMepeHHe BSI3KOCTH pacTBopa 3 He B 4He npH ceepxHH3KHX 
TeMnepaTypax, 

3 
HaMepeHa BSI3KOCTb 6,4%-noro pacTeopa He B 4He B HHTepeane TeMne-

paTyp OT 8 JlO 10 MK • .llBYMll TepMOMeTp8MH lt3MepllnCll nepenan TeMnepaTyp 
na KoHuax KanHnnSipa, o6ycnoeneHHhiii ,eSJ3KHM HarpeeaHHeM npoTeKaromero 
pacTeopa. Ehmo naiineno, qTo ecnH BSI3KOCTb cnenyeT aaKoHy 7J = a T - 2 

TO a = 5,3.10-7 nyaa.rpan2 

Coo6meHHe Ofu.e,llHHeHHoro HHCTHTyTa H.nepHbiX HccJie.nosaHH~ 

,L(y6Ha, 1973 

Ibr if:IOV N. S. 1 Neganov B.S. 1 Feller G. 

Measurement of Viscosity of Solution 
of 3

He in 4He. at Superlow Temperatures 

P8 - 7009 

Viscosity of 6. 4% solution of 3He in 4He was measured 
for the temperature range 8-10 mK. The temperature drop 
(which is due to viscose heating in the process) at the 
capillary ends was measured by two thermometers. It was 
found that if visco~i ty conforms to the law T/ =aT - 2

, then 
a =5.3·10-7 P grad • 
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I. Baeoeuue 

3 
)lJIH KOIICTpynpooaiiHH KpHOCTaTOO, C paCTOOpCIIHCM 

He o 4 He oco6cnno na)I<HO JHaTb BH3KOCTh pacTnopa.npn 

O"'CIIb IIH'JKHX TCMIICpa_Typax, .l·K· . BH3KOC Hai·pcnaiiHC, 

ooJHHKaJml(cc npn unpKynliunn He n 1aMKIIYTOH cHcTCMC 

ucnpcpblllHO~·o pctjlpJ:!IKCparopa HJJH npn o.uuopa1onoM ox­

na)K.ucHIIII, orpaHII"'HBilCT .'.UOCTIIT'aCMYIO '!THMH ycTpOH" 

cTnaMII npc;J,cJibii}'JO TCMncpaTypy. . . . . . 3 4 
BH 1Koc narpcnaHHC n pacnwpc He n He npn O"'CHh · 

IIWJKIIX TCMIICpaTypaX o6ycJIOBJICIIO .llBIIiKCIIIICM TOJlhKO 
3H )l . v KBil3H'HlCTIIU e. Jl.!l IIOJIY"'CHH.!I Kil"'CCTBCIIIIOH JaBHCII" 

MOCTII B.!IJKOCTH OT TCJI.tnCp<tTYPbl Jl KOIIUCIITpaUHH paCTBO" 

pa MO/KHO BOCIIOJlhJOBaTbCH llpC.UCTaBJICIIHCM paCTBOpa 

B IJH.UC. H.UCaJihHOrO tjlcpMH"ra3a KBaJHYaCTHU 
3 

H'e1 TOT".Ua 

BH3KOCTb 6J.UCT nponopUHOHam.na "'HCJIY n fOa3H"'ilCTHU 
3.He 0 I CM B paCTOOpC KOIIUCIITpaunn X, HX .UJIHIIC COO" 

6o.uno1·o npo6cra A n nx cpc.uneH cKopocTH v • TaK KaK. 

.UJIH tjlcpMIJ·raJa 3 He ·KnaJH"'aCTHU A '" 1-2
1 TO MO/KHO 

0/KH.UilTb·, "'TO BHJKOCTb CJIC.UYCT JaKOHY TJ = a 1-2
, r.ue 

a JilBIICHT OT X , CCJlll TCMIICpaTypa paCTBOpa HH:>KC TCM" 

nepa TYPhi BhiPOIK.UCHHH. ,[(n» nony"'eHHH To"'noro JHa'leHHH 

K03tjltjlnunenTa BHJKOCTH a pacTnopa 
3 Hen. 

4
He conpe­

MCHHaH· TeOpHH IIOJ1h3YCTCH npe.UCTaBJICHJICM 'CJia60B3aHMO" 

.uei1cTnymmero tjlepMn·raJa KnaJn'laCTHU 
3

He. MJ Teope­

TH"'CCKHX JHa"'CHHH IIOTCHUHOHaJia BJaHMO.IJ.CHCTBHH Kna· 

JH"'aCTHU 
3 He, !'pe.u.cTanneHHhiX n pa6oTe liap.u.nna:, liaiiMa 

n Hai1nca 7. 1 , Poaq : nony'IHJI JHa'lenne . Ko3tjJ!lJnuneuTa · 

BHJKOCTH 6,4cfo pacTnopa 
3 
Hen 

4 
He a= 5.10":'

7 
nyaJ.rpa.u. 2/2/ 

3~'' 
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·I I. Pac'lem 8Jt3Kozo uazpeeaHUJt pacme.opa 

B Ka)K.D,OM :weMeure HHJKOTeMneparypuoii qacru ycra­
noBKH, pa6oraromeii ua npuun:une pacraopeHHH 3 HeB 4 He, 
B KOTOpOM CCTh .D,BH)KCHHC paCTBOpa, Bhi.D,CilHCTCH TCllilOBaH 
MOIUHOCTh 

Q TJ z\/ ' /1/ 

r.D,C TJ - BHJKOCTh, Z - reOMCTpHl.JCCKHH tiJaKTOp COllpOTHB-
J1CHHH llOTOKY, V - 06bCM )KH.D,KOCTH, llpOXO)l,Hil.{HH qepe3 
CClJCIIHC B C)l,HHHU:Y BpCMCHH. )J;nH U:HilHH.D,pHl.JCCKOH Tpy6KH 

cJ ~ 0 Z 128P C . C .D,HaMCTpOM . , .D,niiHOH t. "'---;;;14 • KOpOCTh llOTOKa 

. 
V MO)KUO Bhlpa3HTh qepe3 MOnHpHbiH 06bCM paCTBOpa 
V, KOTOphiH .D,ilH 6,4o/o paCTBOpa paBeH 438,5 CM 

3 
/MOnh· 

H MOilHPHYIO CKOpOCTh n3 /MOnh/ CCK/, TOr.D,a V = V~ 3 • 

TennonaH MOIQHOCTb, onpe.D,enxeMaH Bhrpa)KCHHeM /1/, npu­
ao.r(ur K noBbiiliCHHIO TeMneparyphi AT pacraopa ·B .D,aHHOM 
3ilCMCHTe. IIpu Bhi'1HcneHHH aem~l.JHHhi ~ T Yl.JHThiBaercH 
TCllilOllpOBO)l,HOCTh paCTBOpa X o~ 1, r.D,e {3 -. K03tP$HU:HCHT 

T . 
TennonpOBO)l,HOCTH, paBHhiH 30,5. 3pr/ceK CM: 3/, npHl.JCM 
TCllJ10llpOBO.D,HOCTh CilC.D.YCT TaKOMy JaKOHY HH)KC 10 MK. 
HJ nonu~r6 rennoaoro.6anauca 3JJeMeura Je n:nnuu.D,p~­
tJecR:oii rpy6KH .D,HaMerpoM ci cne.D,yer .D.H$$epeun:uanbuoe 
ypaaueuue: 

123 
--;-;r 
rrd 

2. 2 J 2 J J.T) 
a v n 3 + -"~ ( x T)[- T2 ( Te ·r2 r 

l J 2T . • JT 
+--]-n yT-'"' ·r J e2 3 ci e 

r.D,e Y T =· C - MonHpHaH rennoeMKOCTh pacraopa 
= I 07 .IJ.)K/Monh. 

/2/ 
y 

IIepBbiH qneu B ypaaueuuu /2/ npe.D,cTaBnHeT co6oii 
rennoayro MOIUHOCTh ua C.D.HHHU:Y .D,nHHhi, o6ycnoaneuuyro 
BH3KOCThiO. 

Bropoii tJneH Y'IIfTbiBaer rennonpoao.D,uocrb', a HMeuuo 
HJMCHCHHC TCllilOBOrO llOTOKa Ha C.D,HHHU:C .D,ilHHhl, o6ycnoB­
ilCHHOrO TCllilOllpOBO.D,HOCThiO. 
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AuanHJ :noro ypaBHCHHH c noMOIUhiO 3BM noKaJhiBacr, 
qro a o6nacru' reM:ne.paryp or 8 MK .D.O 15 ~K, r.D.c rcn­
nonpoao.D,uocrh pacraopa na.D,aer c noBhiiliCHHcM reMncpa-
rypbr,. OlliH6Ka B. onpe.D,eneHHH ·_J T. ecnH npcuc6pC4h 

• . ciP • . 
TennonpOBO.D,HOCThiO,· COCTaBnHeT MCHCe 2o/o npu' .D,HaMCTpc 
J :;· 2 MM. 

TaKHM o6paJoM, npu npeue6pc)KcHHH ponhHl rcnnonpo­
BO.D.HOCTH HJ /2/ nonyqacM ·npoCTOC ypaBHCHHC 

128 2 
av 

JT 

JP 
an 3 -71, /3/ 

r.D,c a ~ -;J 4 - UCJ1HlJHHa llOCTOHHHUH, OHpC.llCJIHCMUH 
y 

.nuaMcTp<lM Tpy6KII n KOIICT<~HTUMII pacTnopa. IIocnc nrncr·­
puponaHIIH nonytJIIM 

-4 • 4 • 
. T 

2 
- 1

1 
~- 4 af n

3 
, /4/ 

r.nc T2 11 T 1 - TcMncpaTypbl ua KoHuax rpy6KH .nmmoii P 

Ecnu npnHHTb. cpc.nHwJ(l TcMncparypy T~ T,+ T2' H nepcna.n 

TCMncparyp lla Konuax rpy6KH :\ T=- T2...: TJ, npHlJCM AT -::_0,2 T, 
TO ilCBliO lJaCTh ypaBIICIIHH /4/ MO)f(IIO JilMCIIIITh BCJ1Hl.JifHOH 

· 4.•\ T T C OlliHOKOH MCIIblliCH lo/o. ' 

0KOH
1

lJUTCJ1hiiO HMCCM: 

2 • 
Z v n 3 a 

,\ T --J-, --- .. T 3. 

. ~ . . 

/5/ 

01liH6Ka, a. nepena.D,e reMneparyp AT, onpe.D,eneuuoro 
Bb!pa)KCHHCM /5/. llpH .D,OllYIUCHHHX,. YKU;JaHHhiX BhlluC, CO..: 
cTaBJJHCT- ue 6onee 3o/o. : . . 

5 



II I. Memoowca U3MepeHUR Ko3¢¢ut~ue.uma eR3Kocmu 

Ha puc. 1 · npe,IJ,cTaBneno 3I<cnepnMeHTanLnoe ycTpoii- • 
CTBO ,IJ,JI.!l H3MepeHH.H B.!l3I<OCTH pa.cTBOpa 3H e B : 4 He npu 
caepxHH3I<Hx TeMnepaTypax. YcTpoiicTBO BI<moqeno B JaMI<­
HYThlft · UHI<JI o6Liqnoro pe~pmKepaTopa c :HenpephiBHhiM 

3 4 
pacTBopeHHeM He B . He • CBepxy B I<aMepy cMenmBaHHH, 
I<OTOpOH .HBJI.HeTC.!l .BepXH.!l.!l qaCTh ycTpOHCTBa, nocTynaeT 
OXJia:>K,IJ,eHHhiH B npoTHBOTOqHOM 06MeHHHI<e I<OHUeHTpHpO­
aaHHhiH 3 He • Ha rpanuue pacTBopeHH.H 3 He nepexo,IJ,HT 
B pacTBop c ~onuenTpauueii 6,4~o. Te?..mepaTypa pacTBopa 
B 3Toii qacTH ycTpoiicTBa H3Mep.HeTc.H TepMoMeTpoM UMH, 
npe,1CTaBJIHIOIUHM co6oii c"¢epy c/ 18 MM H3 cnpeccoBanno­
ro nopornia uepnii-MarHHeBoro HHTpaTa c nnoTHOCThiO 
·1 ,95 r/cM· 3 

• IlpH npOXO)K,II,eHHH I<anHJIJI.Hpa c/ 2, MM, ,II,JIHHOH 
40 MM paCTBOp HarpeBae,TC.!l H3 • 3a B.!l3I<OCTH H nOBhiiiie • 
HHe TeMnepaTyphl perHCTpHpyeTC.!l BTOphiM TepMOMeTpOM 
UMH, ananoruqnLIM nepBOMy, no c cf 10 MM. BLirue 3Toro 
TepMOMeTpa Ha paCCTO.HHHH, HCI<JIIOqaiOIUeM BJIH.HHHe Ha 
I<aTyllii<H MOCTa nepeMeHHOrO TOI<a, HaXO,II,HTC.!l I<aJIH6poBoq­
HhiH ,IJ,aTqHI< TeMnepaTyp, COCTO.HIUHH H3 I<aJIH6poaaHHOrO 
B o6nacTH OT 1,2 .IJ.O 4,2 K yronLnoro TepMOMeTpa conpoTna­
neHH.H THna Allen- Bradley u·,IJ,ayx caepxnpoBO.IJ.HIUHX npo­
aonoqei< H3 AI H Ccl. ,[J;n.H noBLIIIIeHH.H pa6oqeii TeMnepaTYPLI 
pe4Jpn:>Keparopa B I<aMepe cMeiiiHBaHHH .HMeeTc» narpeaa­
Ten~. Bhlxo~ ycTpoiicTBa no pa9Taopy npucoe,IJ,HH.HeTC.H I< 
nocne,IJ,neii cei<UHH Tennoo6MeHHHI<a c noMOIUhiO ne­
pmaBeromeii Tpy6I<H c/. 7 MM H ,II,JIHHOH 50 CM. Bee ,IJ,eTaJIH 
ycTpoiicTaa BLmonneHhi H3 cTei<na. B ycTanoBI<e, ucnonh­
JyeMOH ;nJI.H 3TOrO 3I<CnepHMeHTa, n.pe,IJ,eJihHO ,II,OCTHraeMa.H 
B nenpephiBHOM pe:>KnMe TeMnepaTypa 6Lma 6 MK npu 
n 3 = 10 - 4 MOJih/Cei<. IJpH HCnOJih30BaHHH ,IJ,aHHOrO 
ycTpoiicTBa pa6oqa.H TeMnepa Typa 6Lma neci<OJihi<O Bhillie. 
H3- Ja B.H3I<oro narpeBaHH.H B I<anunn.Hpe u ,IJ,OCTHrana 

0 
npH6JIH3HTeJihHO 7 M K. 

I13MepennLIH nepena,IJ, TeMnepaTyp 1"1 T, o6ycnoanennLiii 
B.!l3I<HM narpeaaHHeM B I<anHJIJI.Hpe, npH HCnOJih30BaHHH 
Bhipa:>Ke~H.!l /5/ n03B~JI.HeT onpe,IJ,eJIHTh B.!l3I<OCTh. IlpH 3TOM 
MOJI.HpHa.H CI<OpOCTh n3 H3Mep.HJiaCh BHelliHHM pOTaMeTpOM, . 3 
BI<JiroqennLIM B uenh UHPI<YJIHUHH He.ConpoTHBJienue no 

6 

'. 
I 

!:lzonbHbtu 
mepNonemp 

conpomu5neHUR 
(Atfen-8radfey) 

At I Cd. 

· .. HanpaoneHue . 
ducpcpyHdupyHJujeeo 

nomoKa 

HaapeGamt!Jlb 

· rpaHUl.(G . . 
pacmBopeHuR 

·CMN 

Puc::. 1. Banna pacTBopeHH.H ,IJ,JI.H UJMepeHH.H B.H3I<OCTH 
paCTBOpa. 
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TOKY . Z . 6&In0 ·. paCC'IHT8l{O npH HCnOnb30p8HHH TO'IHhiX 
3H8'IeHHH AH8MeTp8 . H AnHHLf K8llHnnRp8. B K8'IeCTBe 
T a Bhip8JKeHHH /5/ 6hm8 npuHRT~ cpeAHRH TeMnep8TYP8 

MelKAY nOK838HHRMH aepxHero H HHJKHero TepMOMeTp8 
UMH; K8nu6poBK8 TepMoMeTpoa ocymeCTBnRn8ci. npu a&i­
coKoii TeMnep8Type c· ~OMOIUhiD yro~hHoro TepMoMeTp8 
conpOTHBneHHH H penepHhiX TO'IeK - TeMnep8Typ nepeXOA8 
B caepxnpOBOAHillee COCTORHHe AI H Cc/; 

llpu HJMepeHHH BRJKOCTH p8CTBop8 c noMOillhiDA8HHoro 
ycTpoiicTB8 ·aoJMOJKHhi cucTeM8TH'IeCKHe OIUH6KH, CBR38H­
H&Ie C BnHRHHeM H8 BepXHHH TepMOMeTp nocneAHeH CeKI.(HH 
Tennoo6MeHHHKa qepe3 COeAHHHTenhHYID Tpy6Ky H, KpOM~ 
TOro, c ami:RHHeM nocTyn8IDil{ero 6onee Tennor.o 3 He '!epe3 
CTeKnO, ecnH rp8HHI.(8 p8CTBOpeHHR He H8XOAHTCR B CBMOM 
Bepxy ycTpOHCTB8. 068 3TH ·. 3tPtPeKT8 MoryT npHBeCTH 
K .noRaneHHID nepen8A8 TeMnep8TYP H8 K8nunnRpe, He 
CBR38HHOrO C . BR3KOCTh'JO. ;lJ;nR Ol(eHKH .M8K.CHM8nhHhiX 
aenH'IHH ucK8JKeuuii 6&mu npoaeAeH&I np~6nuJKeHHhie p8c'le -· 
Thl p8cnpeAeneHHH TeMnep8Typ B.YCTpOHCTBe . 

. )l;nR TOro. 'IT06hi Ol(eHHTh. M8KCHManhHOe BnHRHHe no­
cneAHeii ceKI.(HH Tennoo6MeHH~~a H8~BepxHHH ~ep~oMeTp, 
6&mu CAen8Hhi cneAywmue ynpori(8wmue> llpeAnonoJKeHHR: 
TeMnep8Typa ·pacniop8 Ii nocneAHeii ce:Knu:H 6hm8.;nonoJKeHa 

. . . . . . . 3 . . 
p~BHOH TeMnep8 Type KOHI.(eHTpHpOB8HHOrO. fie 

1 
Tennonpo-

BOAHOCTh p8CTaop8 non8r8n8Ch nocToRHHoii n p8BHoii M8l<­
CHM8nhHoii senH'IHHe. B A8HHOH o6n8CTH Te~nep8 Typ; Cn860e 

· H8rpeB8HHe H3- 38 BR3KOCTH B COe~~HHTenhHOH Tpy6Ke 
C'IHT8noch npeHe6peJKHMO M:8nhiM no cp8BHeHmo c noTOKOM 
Te~n8 H3 ncicneAHeH CeK~HH Tennoo6MeHHH~8; H8rpeB8HHe 
p8CTBOp8 B K8nHnnRpe H3- 38 BH3KOCTH. H rreperpeB aepxHero 
TepMoMeTP8. u3- 3a rroTOK8 Teim8 caepxy C'IHT8nuci. HeJ8-

• . '.: l• I , 

BHCHMhiMH,· T.e. p8CC'IHThiB8n~R nepen8A TeMnep8Typ H~ 
KanunnRpe a oTcyicTaue BRJKocnl. B · p8MK8X YK838HH.hiX 
AonymeHuii 6&mo nonyqe~;~o npu6nuJKeHHoe ~hip8JKeHue AnR 
p8cnpeAeneHHR TeMnepaTyp&I a K8nunnxpe u coeAHHHTen&­
Hoii Tpy6Ke. 

aT 0( x-f J 
1-+ 01 4/e · · .. n3l' 

/6/ T(x) = T 0 . . . 1 rAe a 
. aT

0
(x-iJ 

. 1- 0,47 e ·· · 
' . •· . . ·.· . ' 5 
/B H8IUeM OllhiTe 6.10- ·.:S iJ3::_ 

xS 

fo - 4 1 
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l n 3 - MOnHpHaH CKOpOCTh I.J;HpKynHUHH B . MOnL/ CCK; r = 
= 107,2 ,n:>K/MonL, K - Tennonpoao,nHoCTL pacTaopa, npuqeM 

K"'·4.10+ 3 Jpr/cM;ceK K, ·s ..,·nnoma.nL nonepe':IHoro. ceqe• 
HHH COC.L{HHHTenLHOH Tpy()KH; '1 O- TCMnepaTypa Ha HH:>KHCM 
KOHUC KanunnHpa. Koop,nHHaTa X OTC':IHTLIBaCTCH OT HH:>KHe­
ro KOHUa KanunnHpa, P - nonHaH 3lPlPCKTHBHaH .nnumi 
KanHnnHpa H COC.L{HHHTenLHOH Tpy6KH. llo,nCT~BnHH B Bhl­
pa:>KCHHC /6/ BCnH\fHHLI, COOTBCTCTBYIOI.QHC KOHKpCTHLIM 
ycnoBHHM onLITa, nony':IHM, 'ITO TeMnepa TYPY aepxHero 
KOHUa KanHnnHpa MO:>KHO C 6onLIIIOH CTCnCHhlO TO':IHOCTH 
ClfHTaTL paauoii TeMnepaType HH:>KHero KOHUa KanunnHpa 
npH OTCYTCTBHH BH3KOCTH, HHalfe rOBOpH, ,nononHHTCnLHLIM 

.neperpeaoM nepxuero TepMoMeTpa HJ-Ja BnHHHHH nocne.n­
Heii CCKUHH Tennoo6MCHHHKa MO:>KHO JaBC.L{OMO npeHe6pe':IL. 

Ha-MHoro cno:>KHee npoH?BecTn oueHKY annHHHH Ha;,ym­
Horo 6onee Tennoro. noToKa KouueHTpnpoaaHHoro lie . , 

· ecnH rpaHHUa. paCTBOpCHHH HaXO.r{HTCH ,L{OCTaTO\fHO HH3KO - · 
HaCTOnhKO, ':IT06LI B03HiiK .3aMCTHLIH Tennoo6MCH ':lepe3 
rpaHHUY :>KH,nKocTL-cTeKno. Cno:>KH.OCTL oueHKH o6ycnoa­
neHa HC TOnh~O Tpy,nHOCThlO paClfCTOB, HO B OCIIOBHOM 
HC3HaHHCM TO\fHOro nonO:>KCHHH rpaHHULI paCTBOpCHHH H •. . . . . . . 3 
HCJHaHHeM. _ JHa':leuuii rpaHH':IHoro conpoTHBneHHH ·He -
CTCKno-paCTBOp. .lJ.nH nonylfCHHH MaKCHManLHOH OUCHKH 
aennlf~HLI niperpeaa ~epx~e~oT~pMoMeTpa,o6yc~oaneHHo­
ro 3THM 3lPlPCKTOM, 6LinH c,nenam·,J. cne,nyiOI.QHC ynpomaiOIUHC 
npe.nnono:>KeimH: TaK :>Ke KaK H B nepsoM cnyqae. J$4JeKT 
neperpe~a nocpe.nc~aoM Tennoo6MeHa qepeJ cTeK~o ~a~--

. . . . . . .. . . ' . . . 
CMaTpHBanCJI HC3aBHCHM0 OT .BJI3KOrO HarpeBaHHH B Kanun-
JIHpe. BLm·o nono:>KeHo, 

3
':1TO aecb nepena,.n TeMnep~T~PLI 

B KOHUCHTpnpoaaHHoM _ He npoucxo,nnT Henocpe,ncTBeHHo 
y rpaHHULI paCTBOpe~H~-· /JaKOHHOCTh TaKoro' ,nonyul~HHH 
_6y.neT o6cy:>K,neHa HH:>Ke/; noToK .Tenna· ':lepeJ aciO_noaepx­
HocTL cTeKna 6Lm cocpe.noTol.JeH Ha· aepxaeM Koiiue :Kariun­
nHpa; rpaHHUa ~~c~~opeHHH .uaxo.nHTCJI a6nHJH ~umiiero 
KOHUa KanunnHpa. 

· BHaqane 6Lm npoHJBe,neH pacqeT pacnpe.neneHHH TeM­
nepa TYP B 3 He B KanuimHpe:,· coe,nHHHromeM nocne,nHIOIO 
CCKUHIO Tennoo6MCHHHKa C KaMepoii· paCTBOpCHHH H B 3a3ope 
Me:>K,ny CTeKnHHHLIMH ·. Tpy6KaM·H /pH C-. 1/. llpH_ npeHe.6pe-
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meHHH. BHJKHM HarpeaaHHCM .KonuenTpHpoaaHHoro · 3 He 
nonyqaCTCH npu6nH:>KCHHOC BLipa:>KCHHe: 

2 . 
·. a Tp x 

e . . . 
"3 y ---. /7/ T(x) = T(f) v -- 1 . T. , r.ne 

e a T~x _ l+( -~£/ 
To 

a 
f3.S 

3,necL To - TeMnepaTypa 
3 

1-Je Ha rpaHnue pacTaopeHHH, 
Tp - TeMnepaTypa 

3 He a nocne,n:Heii ceKUHH Tennoo6MeH­
HHKa, n 3 - MOnHpHaH CKOPOCTb ' 3Hej6;1o-s :s ;,3 s 10-4 I' 
y= 24,8 ,nm/MOnL; 'S - CC':ICHHC Kai:mrinHpa C KOHUCHTpH· 

poaaHHLIM . 3 He ; f3 - K03lPlPHUHeHT Tennonpo:Bo,nHoCTH 
3 He; 

~= 35 3pr/ceK.cM _/31. · ' ·· 
Koop,nHHaTa ·. oTC':IHTLIBaeTCH oT rpaHHULI pacTaope­

HHH. B HaUieM cnyqae .nnaMeTp coe.tinnHTenLHoro Kanlui­
nHpa = 3 MM, .nnuHa = 15 eM. lllupu:Ha Ja3opa Mem,ny 
CTCKnHHHLIMH Tpy6KaMH = 1,5 ' MM, ·,nnaMCTp BHYTPCHH.CH 
CTCKnHHHOH Tpy6KH = 15,? MM,; ,L{riHHa 16 CM. 0TCIO,na 
HCTpy,nHO nony-'-iHTh' 3HalfCHHH ,nnH cpe,nHeii TCMnepaTyphl 
no · JaJopy . .D.nH JHa.'leHnii ,;3 oT 6.1o-s .no .Io-4 u .nnH 
o6nac-iu TeMnepitTyp· ciT 8 MK' .no ;15 MK Mbi nonyqunll 
3Ha':ICHHH cpe,nHeii Te:MnepaTypLI 3He B 3a3ope 'oT o·~7· Tt 
.no 0,95 T~ ,r.e'. · ,neiicTBHTenLHo ocHoaHoii riepena.n TeM­
nepaTypLr He Haxo,nHTCH a6miJH rpaHHULI pacTaopeHHH. 

3 . 
BHJKoe HarpeaaHHe He B coe,nHHHTenLHOM KanunnHpe .H 
3a3ope npHBO,L{HT K CI.QC 6onbUICMY nOBLIUICHHIO cpe,nHCH 
TeMnepaTypLI. 

.lJ.nH nony':ICHHH OUCHKH BCnHlfHHhl TennOBOrO noTOKa 
qepe3 CTCHKY. BHYTPCHHeii CTCKnHHHOH Tpy6K_H Heo6xo;nHMO 
Ja,naTL BCnHlfHHY rpaHHlfHOrO conpOTHBnCHHH CTCKna no 
OTHOIIICHHIO ·K 3 lie n pacTaopy ~ 'TaK :KaK JKcnepuMeHTanl.HLIX 
,naHHhiX HeT, TO . Mbl npHHHJIH. BCnHlfHHy'rpaHH\fHOrO COnpo­
THBneHHH CTCKna:, paBHOH rpaHH\fHOMY· conpOTHBJICHHIO MC,L{H. 
llonyqeHHaH · TaKHM · o6paJoM oueHKa . neperpemi: aep:imero 
TepMOMCTpa B paMKaX BhiUICyKaJaHHLIX ,L{OTIYI.QCHHH npHBO,L{HT 
K TOMy, 'ITO B o6nacTH · "' 8 MK JTOT .nononHHTCJILHLiii 
neperpea He npeBLIUiaeT' aenHlfHHLI · 5o/o oT nep(ma.na 
TCMnepaTyp, o6ycnOBJICHHOro BHiKHM HarpeBaHHCM; llpH 
noaLrnieHHH · TeMnepaTypLI ·omir6Ka a onpe,neneHHH nepena.na 
TeMne'paTypLI Ha· H3MCpHTE!JihHOM KanHnnHpe 6LICTpO pacTeT, 

·II 



! 

I 
' 

.I 
!· 

JJ.OCTnraH BCJJH'-IHHbi ~" 100<Yo B o6nacTH 15 MK. 3JJ.eCb ,He 

. np01I3BOJJ.HTCH 6o11ee no,ri.po6HbiH auanH3 3Toro 3llJ!lJeKTa, 

TaK KaK )J.JJH 6o11ee TO'-IHOrO paC'-ICTa HC06XO)J.HMO TO'-IHO 

3HaTb llOJJO'/KCIIHC rpaHHUbl paCTBOpCHHH H BCJJH'-IHHY rpa­

IIH'-IHOrO COllpOTHBJJCIIHH CTCKJJa C paCTBOpOM H KOHUCHTpH-
3 . . 

ponaHHbiM He. l1TaK, HJ npnneJJ.enuoro anaJJH3a MO:lKHO 

C)J.CJlUTb CJJCJJ.YIOIUHH BbiBO)J.-: )J.OCTaTO'-IHO ·)J.OCTOBCpHbiMH 

c TO'-IHOCTblO uc XY?f<C ~, 5o/o HBJJHIOTCH HJMepeHHH. nepena~a 
TCMllCpaTyp H3- 3U BH3KOro HarpeBUHHH C llOMOIUblO JJ.ilHHO·­

ro ycTpoifcTBa B o6nacTn8 MK. 

B JJ.UHHOH pa6oTc, KPOMC Toro, HMCJJHCL JJ.pyrne no­

rpernHocTH H3MCpCIIHH, CBH3allllbiC C Kaim6pOBKOH poTa­

MCTpa, KUJJH6poBKOH TCPMOMCTpoB UMH B o6nacTH BbiCOKHX 

TC·MncpaTyp H OTO:lK)J.CCTBJJCIIHCM MUrHHTIIOH TCMllCpaTypbl 

UMH c a6comoTIIOH TCMncpaTypoif /" 5o/o/, a TUK:lKC c 

onpeJJ.CJJCIIHCM Z -rcoMcTpH'-ICCKoro cfJaKTopa conpoTnimc­

HIIH llOTOKY H3MCpliTCJ1biiOI"O KallltJJJJHpa. 

Y'-IHTbiBaH ·ace nor·pcrnuocTn, noJJ.po6HbiH aHaJJH3 KOTo­

pbiX 6b!J1 npHBCJJ.CII Bb!WC, Mbl nonaracM 'MUKCHMUJlbHYJO 

BCJllt'-IHIIY norpcWHOCTII B onpcJJ.CJJCIIHH BH3KOCTH paBHOH 

l5o/o. Hy:lKHO OTMCTitTb, '-ITO HCTHHIIaH BCJ1lf4HHU norpCWHO­

CTH IICCKOJlbKO MCIIbWC, T.K·. HC y'-ITCHU '-JaCTH'-IHUH B3UHM­

IIUH KOMllCIICUUHH HCKOTOpb!X CHCTCMaTH'-ICCKHX norpern-

HOCTCH. H3MCpCIIHH. '. . 

Pe3y.tlb11lanbl U3.'ttepeHuii 

PeJyJJLTUTbl Tpcx ce~nii HJMepeunif. npit Tpcx pa3nu'-I­

HbiX ci<opocTHX noToKa · He, paBHbiX 6,2.10-s, 8,2.10 -s 
H 10~4 MOJJh/CCK, o6pa6oTaHHbiC C llOMOlubiO Bb!pa:lKCHHH 

/5/, )J.UIOT HCllOCpC)J.CTBCHHO BH3~0CTb• 1J . /pH C.· '2). bb!JJO . . . : 2 . . . . . 
uaiiJJ.eHo, '-ITO · I<o:JlblbnuneuT BHJKOCTH a ==~TJ T B o6nacTH 

TeMriepaTyp "' 8 MK npn yKa3aHHbiX cKop.ocTHX noToKa 

nocTo.Huen a npeJJ.enax own6o1< n paae·u 5,3 .. 10-7+1,2.1cJ
7ny-. 2 . . . . - .· . 

a3.rpaJJ.. 
flpH U3MCPCHIIH BH3KOCTII B 60JJCC BbiCOKOH o6JJaCTH 

TeMnepaTyp 6Lmn nony'-IeHbi 3Ha'-I~nn.H Ko:JlblbnuneJiTa a 
)J.OCTHraiOIUHe "" 10-6 nya3.rpaJJ. 2 ., .'-ITO yKa3biBUCT. Ha 

Ka'ICCTBCHHOC coana)J.eHHe pe3~J1bTaTOB H3MCpeHHH C OUCH-
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'. 

KOH .BJJHHHU.H Hapy:lKHOro, ·:6011ee TCllJJOrO llOTOKa KOHUCH-

TpnpoBaHHOrO 
3 He na nepxunii TepMoMeTp. . 

TaKnM o6pa3oM rrOJJ.TBep)f()J.aeicx·TeopeTn':lecKoe 3Haqe­

uue· JJ.JJH BH3KOCTn· pacTaopa 
3 He B 

4H~ npn O'-ICHb HHJKHX. 

· TeMnepaTypax. B. pa3JJ.ene I JJ.annoii pa6oTbi 6bmo y:lKe 

yKa3aHO TeOpCTU':leCKOC 3~~':lCHHC KO:JllJ!lJnUHCHTa BH3KOCTU . 
. -7 2 . 

5:10 nya3. K • 

KaK BHJJ.Ho, :JTO. 3Ha'-Ienne conna)J.aeT c H3MepeHHbiM 

naMH a rrpeJJ.enax oum6Kn, KOTopyro Mbi oueuniul a npeJJ.biJJ.Y~ 
I.QeM· pa·3)J.eJJe. )J,nH cpaBHCHifH MO:lKHO TaK:lKC npHBCCTH 

:JKcnepnMeHTanLHbie . JJ.aHHbie pa6oTbi YHTJJH n · JJ.p. I 4/ , a 

. KO.TOpOH BH3KOCTb. H3MCp5111fi.Cb llOJJ.OfiHOH MCTO)J.HKOH, HO 

B 6oJiee BhiCOKOH o6JJaCTH TCMnepaTyp H C naMHOro 60JJL­

IIIHM, '-ICM y uac, conpoTnnneuneM Z . B · :JToii pa6oTe 

.yKa3biBaJJOCb, 'ITO 3aBHCHMOCTb BH3KOCTH OT TCMrrepaTyphi. 

HCCKOJlbKO OTJIH'-IaCTCH OT 3UKOHa T-2 . 3HU':lCHHC KO:JllJ!lJn­

UHCHTa BH3KOCTH llOJJY':lCHO. HUJKe TeopeTH'-ICCKOrO H H3Me:.. 

pemroro a naiiieii pa6oTe n _panuo "'4.10-7 nya3.rpaJJ. 2 .~ 
B 3aKJJIO'-Ienne ueo6xoJJ.HMO nOJJ.'-ICpKnyrb, iiTo JJ.annaH 

MCTO)J.HKa H3MepeHHH B1I3KOCTH MO:lKCT o6ecneqnT'b '6onee 

BbiCOKYID TO':lHOCTL, no -nnJJ.HMOMY, ue xy:lKe So/o. llpn · :JTOM . . . 
B · KOHCTPYKUHH 3KCrrepUMCHTUJ1bHOro ycTpOHCTBa )J.OJl:lKHbl 

6b!Tb Y':lTCHbl BCe 3UMe'-IUHHH OTHOCHTCJlhHO .B03MO:lKHbiX 

CHCTC~aTH':leCKUX .norpeiiiUOCTCH, KUJJHfipOBKa poTaMeTpa 

n Moc.Ta nepeMenuoro TOKa .rion:lKua 6hiTh 6onee TIUa TCJJhnoii, 

a HJMepennH JJ.OJI:lKHbi 6hiTh npone)J.enhr ua pa3nn':lnhrx Kannn-

.. nHpax a 6onee IIInpoKoii o6nacTII TeMnepaTyp. 
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