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Pe3ynbTaTw 3KcnepHMeHTanbHoro HccneAOBaHHA 
TennOOTAa4H a He-I H He-n npH HMnynbcHC>H 
TennoaoH Harpy3Ke 

OpHBO~TcA pe3ynbTaTw HccneAo&aHHA 803AeHCTBHA Tennoao
ro HMnynbca Ha MeAH)'IO nnaCTHHY, norp}'llleHH)'IO 8 He- I H He- D. 

PaccMoTpeHa 3aBHCHMOCTb H3MeHeHHA TeMnepaTypw noaepx
HOCTH o6pa34a OT 8ei1H4HHW Tennoaoro HMOYilbCa. HaHAeHW 3Ha-
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B HaCTO.AUiee 8peM.A o6nacT b npaKnt"!ecKoro npi1MeHeH11.A He -I 
1-1 He - II Henpepbi8HO pacwHp.AeTc.A. B C8.A3H c :HHM 803HI1KaeT He
o6xOAHMOCTb H3y"'eHI1.A np04eCC08 Tenll006MeHa 8 3THX cpeAax. 

0AH11M 113 Hanpa81leHI1H, rAe peanl13yeTc.A Tennoo6MeH 8 He-I 
11 He-ll np11 11Mnyn bCHbiX Harpy3Kax, .A 8/l.AeTc.A C03AaHI1e ycKOPI1Te
neH 3ap.A*eHHbiX "!aCTI14, 11CnOilb3YOIII11X .ABileHI1e ceepxnp080A11MO
CTI1 / 1,2 ,3/ . 

npi1MeHeHI1e He-ll AllR oxna*AeHI1.A C8epxnpoeOAR11111X c11cTeM 
11HeeT PRA npe11MYUieCT8 no cpaeHeHI1~ c npi1MeHeHI1eM He-1 : o6na
Aa.A 8b1COKOH Tennonp080AHOCTb~, He-n o6ecne~I1BaeT HaAe*HbiH 
Tenn080H KOHTaKT Me*AY 31leMeHTaMI1j 6onee H113Ka.A TeHnepaTypa 
He-n n0380ilReT y8elli1411Tb KPI1T11"!ecKI1H TOK c8epxnpo80AHI1Ka; 
c8epxTeKY411H ren11H npoHI1KaeT 8 Mellb"'aHW11e KaHallbl 11 y8elll14118a
eT 3~eKT118HOCTb OXIla*AeHI1.A. 

B AaHHOH pa6oTe npl18eAeHbl pe3yllbTaTbl 803AeHCT811.A 11Mnynbc
HOH Tenn080H Harpy3KI1 Ha o6pa3e4, norpymeHHbiH 9 He-1 11 He-n. 

A/l.A npo8eAeHI1R 11CCileA08aHI1H 6blll C03AaH CTeHA, 8 KOTOPbiH 
8X0A.AT: KP110CTaT ~ 0,25 M /p11c. 1/, CTa6111ll1311p08aHHbiH 11CTO"'HI1K 
TOKa All.A 011TaHI1.A AaT"'I1K08 TeMnepaTypbl, 411~P080H BOilbTMeTp A/l.A 
113MepeHI1H noKa3aHI1H TeMnepaTypbl 11 np11pocTa /cKa4K08/ TeHne
paTypbl, 11HnYilbCHbiH 11CTO"'HI1K 3Heprl111, 6b1CTPOAeHCT8YQUII1H caMo
n11WY11111H np116op C nQCTORHHOH per11cTpa411~ 20 H6/CM np11 CKOPOCTI1 
A811*eHI1.A A11arpaMMbl AO 250 MM/C 8 A11ana30He 0+1 00 r4, 0C4111lllO
rpa~ 11 np1160pbl AllR 113MepeHI1R yp08H.A *11AKOro rell11R 11 Aa8neHI1R 
ero napo8. M 
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P11c. 1. Kp11ocTaT c 11CCileAyeMbiM 
o6pa340M: 1 - o6pa3e4, 2 - 1130-
Ill1py~a.A 00ACTa8Ka, 3 - 11CTO"'HI1K 
11MOYilbCHOH 3Heprl111 C np1160paM11 
A/l.A per11cTpa41111 11 3an11c11 113He
HeH11.A TeMnepaTypbl, 4 - MeAHbiH 
3KpaH, 5 - 8aKyyHHbiH KO*YX, 
6 - caepxnpoaoA.AUII1H yKa3aTellb 
YPOBH.A *11AKOrO re1111R . 

Q-

~(:~~eui.ruu) 

s 

1 



J 2 A 

~~r{f!~f 
I 5 4 A 

A-A 
UMJAUP!fiOUjQR 

Y•~5DADVKQ 
g51..,J~I 

P1o1c. 2. HccneAyeM~H o6paae~ c ycTaHoaneHH~M 
HarpeeaTeneM 1-1 AaTI.II-it<aMI-1 TeMnepaTyp~: 1 - MeA
HaR nnac111Ha c ra6api-1TaMI-1 0 , 005x0, 1x0, 1 M, 
2 - pe31-1CTOp Allen-Bradley - 3 WT. ; 3 - 3not<-
CI-1AHaR cMOna Delta-Bond : 4 - HarpeaaTenb 
c R = 100 OM ; 5 - cTeKilOTeKCTOJli-1T c ra6aplo1Ta
MH 0,001x0 ,1 x0,1 M. 

HccneAyeM~H o6pa3e~ /p1-1c. 2/ npeACTa8nReT co6ol1 nnocKy~ 
nnaCTI-1HY pa3MepOM 0, 1x0 , 1 M, TOJlUIHHOH 0,005 M, lo13rOT08JleHHYIO 
1-13 OTO>KlKeHHOH MeA11 MapKH M3. C OAHOH CTOpOH~ nllaCTHH~ C no
MOUib~ 3nOKCHAHOi1 cMon~ Delta-Bond /1-1Mee1 xopow1o1e I-13011R~I-10HH~e 
C80HCT8a 1-1 OT HOCHTeilbHO B~COKHH K03$$1-1~1-1eHT TennonpOBOAHOC TI-1/ 
yKpenneH Hl-1xpoMoe~l1 Harpe8aTenb c R = 100 OM, c APYrOH cTo
poH~ 8 cne~lo1ailbH~X KaHa8KaX C nOMOUib~ 3nOKCI-1AHOH CMOil~ 

Delta-Bond ycTaHoeneH~ TPI-1 yrOilbH~X pe31-1CTopa $1-1PM~ Allen -
-Bradley, KOTOp~e HCnOJlb308af11-1Cb 8 Kal.leCTBe AaTI.IHK08 Te Mne -
paTyp~. 

Cpa8HeHI-1e Tennonpo80AHOCTI-1 MeAI-1 1-1 cTeKnoTeKCTOJllo1Ta np1-1 
T = 4 K 1-1 T = 2 K c y1.1eTOM 1-1x TOilU11-1H not<a3~8aeT, 1.110 Tenno80H 
nOTOK 8 CTOpOHy MeAI-1 noi.ITI-1 B 200 pa3 npee~waeT Tenf1080H nQTOK 
B CTOpOHy CTeKilOTeKCTOJli-1Ta. no3TOMY npi-1HI-1MaeM, I.ITO TenilOBOH 
nOTOK OT HarpeaaTeJlR Hanpa8JleH B CTOPOHY MeAH H OTBOAI-1 TCR K 
>KHAKOMY re111o1~ c no8epxHOCTI-1 nnaCTHH~ F = 0 , 01 M2 . 

B KPI-10CTaTe /pHc. 1/ o6paae~ ycTaHaanlo1eancA ropH30HTailbHO , 
Harpe8aTeneM 8Hio13. 3Kcneplo1MeHT~ npOBOAI-1111-iCb 8 >KHAKOM He-1 
KHnRUieM np1o1 T lK =T 8 , rAe T lK - TeMnepaTypa >KHAKOCTH, T 8 - TeM
nepaTypa HaC~UieHI-1R, a TaK>Ke 8 He-ll npH TlK=Ts /nepeXOA He-I 
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a He-ll ocyl!leCTBJlRJlCR nyT e M OTKa ~t<l1 nape s / 11 a >K1-1AKOM HeAo
rpeTOM re111-111 He -1 , TeMne paTypa KOTOpo ro 6~na MeHbwe TeMne
paTyp~ HaC~Uie HI-1R, TlK < T 8 / t<1-1ne H1-1e c He Aorpeao M/ , 1.110 I-1Meno 
MeCTC nocne npet< paUieHI-1R OTt<a l.lt<l-1 1-1 Hanyc t<a HHR a t<pl-1ocTaT, co
Aep>Kallll-111 He -II , ra3oo6pa3 HO ro r e111-1R np11 aTMOc<!>epHoM AaaneHI111. 

H3MeHeHI-1R TeMnepaTYP~ Ha no aepxHoCTH o6pa3~a. B03Hio1t<aOUII-1e 
nOA B03AeHCTBio1eM Tennoeo ro I-1Mnynbca , peri-1 CTPI-1POBaJllo1Cb ~I-1$POB~M 

BOJlbTMeTpOM 1-1 3ani-1C~Baf111Cb Ha 6~CTPOAeHCTBY~UieM CaMOnlo1WYUieM 
np1o16ope. 0THOCHTeilbHaA norpeWHOCTb lo13MepeHI-1R TeMnepaTyp~ npl-1 
4,2 K cocTaBI-1Ila 0,5%, np1o1 2 K- 1 ~ . Ha p1o1c. 3 not<a3aHa ¢opMa 
1-1Mnyf1bCa 3JleKTPI-11.1eCt<OrO HanpR>Ke HI-1R, B03AeH CTBY~Uiero Ha o6pa3e~, 
11 npi-1BeAeH~ COOTBeTCTBY~He 3Hal.le HI-1R A>KOyJleBa Tenna, B~AeilReMo

ro 8 I-1Mnynbce. Kon1o11.1ecTeo 3Heprl-11-1, 3anac eHHOI1 e t<OHAeHcaTope, 

onpeAeilAJlOCb no $OpMyne E a C; 02
[;1"' l. rAe C - eMKOCTb KOHAeHca

To pa lo1MnyJlbCHOrO lo1 CTOI.IHI-1Ka 3Heprl111 l 111 l , U - HanpR>KeHI-1e 3a
PRAKI-1 t<OHAeHCaTOpa 8 MOMe HT nOAal.ll1 11Mnyf1 bCa ( 13 1 

$opMa I-1Mnynbca eo ecex 3 t<cnepi-1MeHTa x cox paHRnacb Hei-13MeH
HOi1, nOTepl-1 3Heprl-11-1 npl-1 nepeAa l.le lo1MnYilbCa COCTaBI-1111-1 OKOJlO 
0 , 1%. 

Pac1.1er~ no t<a3 a111o1, 1.110 8Jllo1RHI-1e MaTe p1-1 ana o6pa3~a /MeAI-1 / Ha 
I-13MeHeHI-1e e ro TeMne paryp~ o6Hapy>Kio1eaeTcR np1-1 I-1Mnynbcax 
AJ11o1TeJlbHOCTbiO T ~ 10-S C. s 1.1/tt% 
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P1o1 c . 3. $opMa lo1Mnynbca 3IleKr
pl-1 1.1ec Koro Han pA>KeHI-1R , e03Aei1 -
CTBYOUiero Ha o6pa3eu, 8 3a81-1-
CI-1MOCTI-1 OT 8peMeHI-1 1-1 KOillo11.1e
CTBa 3Heprl-11-1, B~AellA eMOH 8 
HMnyn bce; U 6~x - HanpA>Ke
HI-1e Ha Ha r pe8aTene [ B ] 
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P~c. 4. 3as~c~Mocrb ~3MeHe
H~~ reMneparyp~ Ha noaepx
Hocr~ o6pasua or apeMeH~ ~ 

Kon~4ecraa rennoaoH 3Hepr~~. 
B~Aen~eMOH a ~Mnynbce: 
a He-I/a/T s = 4,224 K,p = 
=1 ,01.10 5 na a lle-II/fi/T

5
= 

= 2,015 K, p = 0,03·105 na; 
T5 - reMneparypa Hac~~eH~~. 

K I AT 

OJ ~i, ;,a]ll( : lll>f!lyft~t 
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Bp•~,, c 

' l!Jpi Mif, C 

Ha p~c. 4a AaHa 3Kcnep~MeHranbHa~ saa~c~MOCTb ~3MeHeH~~ 
reMneparyp~ noaepxHocr~ o6pasua, HaXOA~~eroc~ a ~~AKOM He-r 
np~ reMneparype Hac~~eH~~ TlK aT 

8 
= 4,224 K, or apeMeH~ ~ aen~-

4~H~ Tennoaoro ~MnynbCa. npoBeAeHH~H aHan~3 ~ cpaBHeH~e pe-
3ynbTaTOB nosaon~~T C4~TaTb, 4TO np~ rennoa~x noroKax AO 
100 Br/M2 /1,5 A* a ~Mnynbce/ ~Meer Mecro KOHBeKr~eHa~ renno-
OTAa4a a He- I . np~ 6onee 8~COK~x rennoe~x noroKax, BKn~4a~ 
700 Br/M2 /16,9 A* a ~Mnynbce/, ~MeeT Mecro nys~pbKoeoe 
K~neH~e. 3r~ AaHH~e cornacy~rc~ c pe3ynbraraM~ pa6or~ 14 / . 
CpeAHee aHa4eH~e K03~~u~eHra rennooTAa4~ a He-r no ~pMyne 
Hb~ToHa-P~xMaHa 

a 
UMn 

Q HMn 

r • F • ir'T" /1/ 

rAe ~n - KOn~4ecrao 3Hepr~~ 8 ~Mnynbce /~/, r- Afl~Tenb-
HOCTb ~MnynbCa [c] , F- noaepXHOCTb TeMOOTAa4~ ( M2 ] , !lT-
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cpeAHee 3Ha4eH~e pasHocr~ reMneparyp MeAHoro o6pasua ~ reMne
paryp~ ren~~ a eaHHe[K l , 4TO Aaer aen~4~Hy:a =3000 Br/M2· K. 

11Mil 
CneAyer OTMeT~Tb, 4TO a ~~AKOM He-I MaKC~ManbHoe 3Ha4eH~e 

~3MeHeH~~ reMneparyp~ cocra an~no 0,3+0,33 K, a An~renbHOCTb 
TeMneparypHoro ~Mnynbca no4T~ a 2 pasa 6onbwe An~renbHOCT~ 
rennoaoro. 

Ha p~c. 46 noKa3aHa 3Kcnep~MeHranbHa~ saa~c~MOCTb reMnepary
P~ noaepxHocr~ roro ~e o6pasua, HaXOA~~eroc~ a ~~AKOM He-rr 
np~ reMneparype HaCbl~eH~~ T lK = T 5 = 2, 015 K, or apeMeH~ ~ aen~-
4~H~ rennoeoro ~Mnynbca. Pa6or~ no rennoorAa4e B He-n c ~M
nynbcH~M HarpeeoM HaM He ~saecTH~. OueHKa 3Ha4eH~~ K03$$~u~eHra 
rennoorAa4~ s He-rr np~ ~MnynbcHoH rennosoH HarpysKe no ypas
HeH~~ /1/ Aaer An~ cny4a~ p~c. 46 aen~4~Hy: alfMJl =27000 BT/M~K. 
np~ 3TOM B ~~AKOM He-n MaKC~ManbHOe 3Ha4eH~e ~3MeHeH~~ TeMne
paryp~ nosepxHocr~ cocraen~er 8Cero OKono 0,1 K, a An~renbHOCTb 
TeMneparypHoro ~Mnynbca He npea~waer An~TenbHOCT~ rennoaoro . 

CornacHo reop~~ caepxreKy4ecr~ n . .o.naHAay / 5/ s ~~AKOM He-n 
OT HarpeTOH CTOpOH~ ~AeT nOTOK HOpManbHOrO KOMnOHeHTa, nepeHO
C~~ero Tenno, a Haacrpe4y eMy - pa8H~H noroK caepxreKy4ero KoM
noHeHTa. np~ 3TOM MaKpOCKOn~4eCKOrO peanbHOrO Te4eH~~ B ren~~ 
He Ha6n~AaeTc~. KaK ycTaHOB.neHO n.n.Kan~ueH, TaKOH MexaH~3M 
o6ycnosn~aaeT $eHOMeHanbHO B~COKy~ TennonpoSOAHOCTb ~~AKOrO 
He-n, npea~wa~y~ B T~C~4~ pas TennonpOBOAHOCTb MeA~. nepeAa-
4a renna or reepAoro rena K He -n 16 •71 np~BOA~T K no~sneH~~ 
raK Has~aaeMoro "conpor~sneH~~ Kan~u~", pean~syeMoro a B~Ae 
CKa4Ka TeMneparyp~ !l T Ha rpaH~Ue Me~AY TBePA~M TenOM ~ He-11. 
Cy~ecraoaaH~e 3Toro CKa4Ka o6o~CH~erc~ Han~4~eM HeKoroporo 
r~noreT~4ecKoro rennonpoaoAHOro cno~ . xapaKrep~syeMoro aen~4~-

HOH a 0 : Q , KOTOpa~ no cy~eCTBy ~Bn~eTC~ K03~~U~eHTOM 
F·~T 

TennOOTAa4~ OT TBePAOH CTeHK~ K He-ll ~ o6~4HO Ha3~Baerc~ 
"npoaoA~MOCTb~ Kan~u~". 

K Hacro~~eMy speMeH~ reop~~ ~MnynbcHoro rennoo6MeHa s ~~AKOM 
He-n He paspa6oraHa. no3TOMY He npeAcrasn~erc~ B03MO~H~M 
nposecr~ KaK~e-n~6o reoper~4eCK~e oueHK~ 8en~4~H~ a 0 a ~Mnynbc
HOM pe~~Me . 

HecoMHeHHO, 4TO cronb s~coKoe 3Ha4eH~e a , xapaKrepHoe An~ 
~MnynbCHoro pelK~Ma H nony4eHHoe 3Kcnep~MeHTanbH~M nyreM, nocny
*~T CT~MynOM An~ AanbHeHW~X TeopeT~4eCK~X ~ccneAOBaH~H. 

Ha p~c. 5 npeACTasneHa 3Kcnep~MeHranbHa~ sae~c~MOCTb ~3Me
HeH~~ reMneparyp~ nosepxHocr~ roro ~e o6pasua, Haxo~~eroc~ 
a ~~AKOM He-r np~ reMneparype T*< T 

6 
, T* = 2,18 K 

/~MeeT MeCTO K~neH~e 8 HeAOrpeTOH lK~AKOCT~/, OT BpeMeH~ ~Ben~-
4~H~ rennosoro ~Mnynbca. BHAHO, 4TO An~TenbHOCTb reMneparyp
Horo ~Mnynbca npes~waer no4TH 8 20 pas An~TenbHOCTb rennosoro, 
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a MaKc~ManbHOe 3Ha4eH~e ~3MeHeH~~ TeMnepaTyp~ 6onbwe 1, 0 K. 
TaKOH xapaKTep TeMnepaTypHoro ~Mnynbca o6D~CH~eTc~ oco6eHHO-
CT~M~ TennonepeAa4~ 8 ren~~. KOrAa TeMnepaTypa ~~AKOCT~ MeHbwe 
TeMnepaTyp~ HaC~~eH~~ /OTCyTCT8yeT napoo6pa308aH~e 8 06DeMe, 
~MeeT MeCTO n08epXHOCTHOe K~neH~e/. 

I( " T 

tO 
16,91]?-< ! Ul'fll'$/!oCI 

10 11"'< 

OS 2511-

Q1 

0 f fO tS 20 25 

f3p tMII , C 
P~c. 5. 3a8~C~MOCT b ~3MeHeH~~ TeMnepaTyp~ Ha 
noeepxHOCT~ o6pa3~a oT epeMeH~ ~ Kon~4eCT8a 
TennOBOH 3Hepr~~. 8~Aen~eMOH 8 ~MnynbCe, B 
HeAOrpeTOM ~~AKOM He- I , T A< = 2, 18 K, p = 
= 1 • 0 1 • 10 5 na. 

CornacHo /1/ An~ cny4a~ p~c. 5 ~MeeM cpeAHee 3Ha4eH~e K0-
3¢xll~~~eHTa TennoOTAa4~ a ~1Mn = 300 BT /M2• K. 

6 

BbiBOAbl 

1. Ha~60nbWY~ ~MnynbCHy~ Tennoey~ Harpy3KY MO~HO CH~Tb, 
~cnonb3Y~ cpeAY lle -II,np~ 3TOM TeMnepaTypH~H Hanop 6yAeT 
M~H~ManbH~M . 

2. B cpeAe ~~AKOro He- IMO~HO CH~Tb Ty ~e ~MnynbCHY~ Tenno
ey~ Harpy3Ky np~ 6onbweM TeMnepaTypHOM Hanope. 

3. l-1cnonb308aH~e HeAorpeToro ~~AKOro He- ! (T)I( < T 5 ) Anfl 
KpHOCTaTHPOBaH~R ceepxnpOBOA~~HX ~MnynbCH~X ycTpOHCT8 He~ena
TenbHO ~3-3a 6onbw~x I~ T > 1, 0 K/ 113MeHeHH~ TeMnepaTyp~ Ha 
noeepxHOCT~, 4TO pe3KO CHI-!)I(aeT 803MO~HOCT~ CBepxnp080A~~~X 

YCTPO~CT8. 
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