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I 3KcnepJ1MeHTanbHOe HCCneAOBaHHe TennoOTAal.fH B He-1 
·~ H He-n npH cra~HoHapHoi1 Tennoeoi1 HarpyaKe 

HBOARTCR peaynbTaTbl 3KCrJ~PHMeHTanbHoro H~CneAOBa
nOOTAal.fH OT MeAHOrO o6paa~a B He-1 H He-ll. 

~bl 3Hal.feHHR q H ~'l' AnR He-1, q . H ~ T · 
I JqJ1 l<p 1 Kp Kp 
-11. CpaeHeHHe c 3KCnepHMeHTanbHbiMH AaHHbiMH APYrHx 
1
a B B03MOlKHOH o6naCTH noKa3biBaeT YAOBneTBOPHTenbHOe 
eHHe. 
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Ex per 

npo~eccbl TennooTAa4H e >KHAKOM ren1-11-1 He-I 1-1 He-ll npeACTae
IlR~T 3Ha4HTeilbHbiH npaKTH4eCK~~.2~HTepec 11PI-1 C03AaHHI-1 1-1 CTa6HilH-
3a4HI-1 CBepxnpoBOAR~HX CHCTeM • npl-1 3TOM 04eHb Ba>KHO 3HaTb 
3Ha4eHHe KPHTH4eCKoro Tei1IlOBOrO 110TOKa qKp 1-1 COOTBeTCTBY~HH 
eMy TeMnepaTypHbiH Harrop ~ T K p , 4T06bl He AOnycTHT b nepexoAa 
CBepxnpoBOAHHKa B HOpMailbHOe COCTORHHe. 0AHaKO AaHHbiX AJ1R 
npoBeAeHHR HaAelKHbiX Tei1Il0BbiX pac4eTOB, CBR3aHHbiX C Tei1IlOOTAa-
4eH e He-I 1-1 oco6eHHo B He-ll, e HacTOR~ee epeMR HeAOCTaTo4-
Ho. 

B AaHHOH pa6oTe npHBOARTCR pe3yilbTaTbl 3KcnepHMeHTailbHoro 
HCCileAOBaHHR Tei1IlOOTAa4H OT MeAHOrO o6pa34a B He-1 1-1 He-ll 
npl-1 CTa4HOHapHOH TerTilOBOH Harpy3Ke, 06pa3e4· H3rOTOBileH 8 BHAe 
nnaCTHHbl C pa3MepaMH 0, 005x0, 1 x0, 1 M 1-13 OTOlKlKeHHOH MeAH MapKI-1 
M3. C OAHOH CTopoHbl nnacTHHbl ycTaHoeneH Harpe8aTeilb; TeMnepa
Typa noeepxHOCTI-1 11POTHBOI10IlOlKHOH CTOPOHbl MaCTHHbl 1-13MepRilaCb 
TpeMR yrOilbHbiMI-1 pe3HCTOpaMH 4JHPMbl Allen-Bradley, a pe3YilbTaTbl 
I-13MepeHHH $HKCHpoaanHCb 41-1$p08biM BOilbTMeTpOM. 3KcnepHMeHTbl 
npo80AHilHCb Ha ropH30HTan'bHO pacnonomeHHOH nnacTHHe, o6pa~eH
HOH Harpe8aTeneM BHI-13. OnHcaHHe 3Kcne~reHTanbHoro cTeHAa 
1-1 HeKOTOPble AaHHble 11PH8eAeHbl 8 pa6oTe • 

Ha p1-1c. 1 npeACTa8neHbl 3KcnepHMeHTailbHble 3Ha4eHHR Tenno8o-
ro noToKa OT o6pa34a q. BT IM 2• 8 He-I IKPH8aR 1 I 1-1 K03$$H-
4HeHTa TerlnOOTAa4H a. BTIM2 K IKPH8aR III, 110CTpOeHa Ha OCH08e 
ypaeHeHHR a== q I~ T I e 3a8HCHMOCTH OT TeMnepaTypHoro Hanopa 
~ T==TcT-Ts. K. Ha 3KcnepHMeHTailbHOH KPHBOH I KHneHHR 8 He-1 
OTMe4eHbl xapaKTepHble 06IlaCTH Tei1Il006MeHa: KOH8eKTI-18HaR, pa38H
TOro 11Y3biPbK080ro KHI1eHHR, nepeXOAHaR 1-1 YCTOH41-1Boro 11IleH04-
HOrO KH11eHHRj 30Hbl HX pacnpOCTpaHeHHR C0811aAa~T C aHanorH4HbiMI-1 
30HaMH pa6oTbiJ

41
• CneA.veT OTMeTHTb, 4TO AI1R HccneAo8aHHoro 

cpaBHHTeilbHO MaCCI-18HOro MeAHOrO o6pa34a nep8aR KPHTH4eCKaR 11IlOT
HOCTb Tei1Il080ro 110TOKa qKp 1 :: 8000 BTIM 2 HMeila MeCTO 11pl-1 TeM
nepaTypHOM Hanope ~TKp 1:: 0,9K. B pa6oTax 15 '6 ~ npoeeAeHHbiX Ha 
TOHKHX o6pa34ax ,nep8bll-1 Kpi-131-1C KHI1eHHR HMeil MeCTO 11p1-1 KPHTH-
4eCKOH nnoTHOCTH Tennoeoro noToKa QKp 1 =.8000710000 BTIM2 
1-1 TeMnepaTYPHOM Hanope ~ TK p 1 = 0, 771 , 0 K. 

Ha p1-1c.2 npeACTa8neHb1"3KcnepHMeHTailbHble 3Ha4eHHR Tennoeoro 
noToKa---o:T06pa34a q,BTIM 2• 8 He-ll IKPHBaR I I 1-1 K034>!I>H4Het ra 
TennooTAa4H a • BTl~ K l 11 npoBOAHMOCTb Kan1-14bl 11 - KPHBaR II /' 10•91 

e 3aBHCHMOCTH OT TeMnepaTypHoro Harropa ~ T == TcT - T , K • Ua 
3KcnepHMeHTanbHOH KPH80H I no aHanorHH c pa6oToi1 11oJ OTMe4eHbl 
xapaKTepHble o6n~cTH Tennoo6MeHa: 11 conpoTHBileHHR Kan1-14b1 11 ; 
11

6ecnneH04Horo KHneHHR 11
; nepexoAHaR o6nacTbj ofinacTb nneH04Ho

ro KH11eHHR, BHAHO, 4TO AilR HCCileA08aHHOro o6pa34a KPI-1TH4eCKaR 
nnoTHOCTb Tennoeoro noToKa qKp. = 2500 BTii.i2, Ha6n~Aanacb 
np1-1 TeMnepaTYPHOM Hanope ~TKp-::. 0,32 K. HHTepecHo, 4TO np1-1 TeM
nepaTypHoM Hanope ~T=0,55 K Tenno8oH noToK npaKTH4eCKH nepe-
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eTaeT 3ae~eeTb oT TeMnepaTypHoro Hanopa. B pa6oTax 110
•111 OTMe-

4aeTeR, 4TO 3Ha4eH~R KP~T~4eeKoH nnoTHOeT~ Tennoeoro noToKa qKp 
e He-ll 8eebMa pa3n~4H~ ~ ~x 3Ha4eH~R pa3H~M~ a8TopaM~ yKa3aH~ 
8 A~ana3oHe oT 100 AO 150000 BT/M 2 8 3a8~e~MOCT~ of TeMnepaTy
pbr ren~eeoH 8aHHbl, pa3Mepo8 ~ (jlopMbl no8epxHoeT~ Harpe8a ~ rny-
6~Hbl ee norpy>KeH~R. K eo>KaneH~IO, AaHHbre 3Kenep~MeHTanbHble pe-
3YflbTaTbr He803MO>KHO eonoeTa8~Tb e pae4eTHbiM~, T, K, 8 HaeTORlllee 
8peMR OTeyTeT8YIOT/lO/ eOOTHOWeH~R AflR TeopeT~4eeKoro onpeAene
H~R MaKe~ManbHOH nnOTHO:T~ Tenno8oro noTOKa q Kp 8 He-ll ~ He 
eyllleCT8YeT aHan~T~4eeKo~ Ol,\eHK~ 8en~4~Hbl. TeMnepaTypHoro Hanopa 
t\TKp. B pa6oTe112/ ~eeneA08aH~R npo80A~n~eb Ha MeAHbiX o6pa31,\ax 
e 4~eTOTOH 99,999%, 6blfl~ nony4eHbl BbleOK~e 3Ha4eH~R Kp~T~4eeKOH 
nnoTHOeT~ Tenno8oro noToKa qKP = 10000750000 BT/M 2 np~ TeMne
paTYPHbiX Hanopax t\TKp = 175 K, OAHaKo 8 o6naeT~ TeMnepaTYPHbiX 
Hanopo8 t\T .=: 0,170,3 K 3Kcnep~MeHTanbHble 3Ha4eH~R Tenno8oro no
ToKa HaXOARTeR 8 XOPOWeM COOT8eTeT8~~ e pe3yflbTaTaM~ AaHHOH 
pa6oTbr. 

Kp~8aR II noeTpoeHa Ha oeHo8e ypa8HeH~R a= q /t\T no Haw~M 
3Kenep~MeHTanbH~M AaHH~M ~ noKa3~8aeT xapaKTep ~3MeHeH~R K03(jl-

, 41~1.\~eHTa TennooTAa4~ a 8 3ae~e~MoeT~ oT TeMnepaTypHoro Hanopa 
t\ T 8 He-ll. Bbrpa>KeH~e AflR onpeAeneH~R TeopeT~4eeKoro 3Ha4eH~R 
K03<!J(jl~l,\1-1eHTa TennOOTAa4~ OT T8ePAOH eTeHK~ K He-ll 6brnO nony-
4eHO H.M.XanaTH~KOBb1M'~3~. 

BT/M2xto4 ,. / 
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8T/.II{•fQ4 ~ 
l?~e. 1.Tenno8o~ noToK OT MeAHoro 

"'I o6pa3~a e He-I ~ Ko34l4l~~~eHT Tennc 
(I OTAa4~ 8 3aB~e~MOeT~ OT Te~nepa 
'TypHOrO Hanopa: p = 1,01 •10 na;' 
~ypoeeHb >K~AKoro ren~R HaA o6-

pa31.\0M H =35 eM; TeMnepaTypa He 
ebrllleH~R Ts = 4,244 K; I- 3K

~,2enep~MeHTanbHaR Kp~eaR K~neH~R 

8 He-I : 1 - KOH8eKT~8HaR o6-
~naeTb, 2 - o6naeTb pa38~Toro 

ny3biPbKoeoro K~neH~R, 3 - ne
pexoAHaR o6naeTb, 4 - o6naeTb 
yeTOH4~eoro nneH04Horo K~neH~R; 
II - pae4eTHaR 3ae~e~MoeTb no 

(jlopMyne KyTaTenaA3e C. C. '17 I; 
III - 3ae~e~Moel-b K034l4l~~~eHTa 

If I 
11 

•• , "IIJ• . I TenflOOTAa4~ OT TeMnepaTypHOrO 
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11 41 7'ai ).jt" ' 1:11 7: K Hanopa, noeTpoeHHaR no 3Kenep~-
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MeHTanbHbiM AaHHbrM; IV, V - 3a-
e~e~MoeT~ Tenno8oro noToKa OT 
TeMnepaTypHoro Hanopa ~3 pa-
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rAe K- noeTORHHaR Eionbi,\MaHa; plK ~ pT - nnoTHoeT~ >K~AKoro 
ren~R ~ TBePAOro Tena eoOTBeTeTBeHHO, Kr/M3j h - noeTORHHaR 
nnaHKaj WlK- eKOpOeTb nepeoro 3ByKa B >K~AKOM ren~~, M/e; 
w t ~ we - eKopoeTb npOAOflbHoro ~ nonepe4HOrO paenpoeTpaHe-
H~R 3ByKa 8 TBePAOM Tene eOOTBeTeTBeHHO, M/e; F(~) - (jlyHK~~R 
ynpyr~X KOHeTaHT T8ePAOro Tena. we 

Pac4eT AaeT TeopeT~4ecKoe 3Ha4eH~e K034l4l~~~eHTa TennooT
Aa4~ oT MeA~ 8 He-ll ao::20Ti, BT/M2 K • .ltnR T 8= 1,91 K, KaK 
8 cny4ae p~e.2, pae4eTHoe 3Ha4eH~e a 0 = 139 BT/~K, a·3Kene
p~MeHTanb~e>K~T e A~ana3oHe 550077500 BT/M2K, Paexo>KAeH~e 
pe3yflbTaT08 TeopeT~4eeK~X pae4eT08 ~ 3Kenep~MeHTaflbH~X 3Ha4e
H~H Ha6niOAaeTCR BO MHOr~x ~3BeeTHbiX pa6oTaX ~ nOAP06HO pae-
eMaTp~eaeTeR aBTopaM~ pa60T./lO,l1/, np~ 3TOM 3Ha4eH~R K034l4JH-
I,\HeHTOB TennooTAa4H, nony4eHHble 3Kenep~MeHTanbHbiM nyTeM AflR 
nl06biX IJOBepXHOCTeH Harpe sa, OKa3biBaiOTeR 3Ha4~TeflbHO 8b1We, 4eM 

P~e.2. TennoeoH noToK oT MeA
Horo o6pa31,\a e He-II ~ t<034l-
4l~~~eHT TennoOTAa4H e 3ae~
eHMOeTH OT TeMnepaTypHoro 
Hanopa: P= 0,02•10 5 na; ypo
BeHb >K~AKoro ren~R He- II 
HaA o6pa3~0M H = 15 eM; TeM
nepaTypa HaebJllleHHR T·s = 
= 1,91 K; I- 3Kenep~MeHTqnb
HaR. KPH8aR TennoOTAa4H 8 He-Ir: 
1 - o6naeTb 11 eonpoT~eneH~R 

KanH~bl 11 , 2 - 116eenneH04Horo 
K~neHHR 11 , 3 - nepeXOAHaR o6-
naeTb, 4 - o6naeTb nneH04Horo 
KHneH~R; II - 3ae~eHMoeTb 

K03(jl(j)HI,\HeHTa TennOOTAa4~ OT 
TeMnepaTypHoro Hanopa, no
eTpoeHHaR no 3KenepHMeHTanb
H~M AaHH~M; III - pae4eTHaR 
3aBHeHMOeTb no (jlopMyne Xa
naTH~Ko8a H.M.n3~ IV - 3a-
8HeHMoeTb Tennoeoro noToKa 
OT TeMnlPffYPHOro Hanopa ~3 
pa6oTbl • 
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3TO npe.qcKa3breaeTCR Teop11er:i. 3Ha4eH11R Ko3¢>¢>111.111eHTa TennooT
.qa411, nony4eHHbre Ha ~ .qnn o5nacTI1 ~ T <T8 . np11 T 

8
= 1, 8+2, 1 K, 

xopowo annpoKCI1M11PYIOTCR cf>opMynor:i a :850 T 3 · BT/M2K. 
s . . 

BbfBO,l:lbl 

1. nony4eHa 3Kcnepi1MeHTailbHaR 3aBI1C11MOCTb q = f( ~T)B He-I 
.qnn OTHOCI1TeilbHO Macci1BHoro Me.qHoro o6pas4a; Har:i.qeH~ 3Ha4eHI1R 
qKPt 11 ~ TKpl. 

2. nony4eHa 3Kcnepi1MeHTailbHaR 3aBI1C11MOCTb q = f(~T) B He-ll 
MR OTHOCI1TeilbHO Macci1BHoro Me.qHoro o6paa4a; onpe.qeneHbl 3Ha4e-
HI1R qKp 11 ~TKp. 

3. nony4eHHble pe3yilbTaTbl COnOCTaBileHbl C Teopen14eCKI1M11; 
CpaBHeHI1e C 3KCnep11MeHTailbHbiM11 .qaHHbiM11 .qpyr11x aBTOPOB B B03MO>K
HOH o5nacTI1 noKa3biBaeT y.qoeneTBOPI1TeilbHoe coena.qeHH.e. 
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