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EopacoB H.C. H Jlp. 13 - 10253 

npoTOHHSS! nonSipH30B8HH8S! "38M0pO)KeHH8S!" MHWeHb. 

lJacTb I. 06mae npHHUHnhi H KOHCTpyKTHBHOe HCnonaeHHe 

Qnacaaa nongpH30BaHHaSI "aaMOpOlKeHHaS!" MHWeHb, B KOTOpOii JlHHSMH

"IeCKHM MeTOJlOM JlOCTHI'aeTCS! MaKCHManbHSS! nonSipH38UHS! npOTOHOB p + = 
98;!:.2% B npvnaHJlHOne, COJleplKameM Cr v,npH TeMnepaType 0,3 K H none -
26,9 Kfc. ,llOCTHI'HyTaSI Bb!COKSS! nonSipH38UHS! MOlKeT 6b!Tb coxpaHeHa 

("aaMopoJKeaa") B 6onee cna6oM ( ~ 10 Kfc) Mal"'HHTHOM none npH TeM

nepaType 0,035 K. 
PaccMaTpHBaiOTCSI o6mae npHHUHnhi pa6oTbi "aaMopolKeHHOii" 

MHWeHH, ,llaeTCS! OnHCSHHe ee KOHCTpyKTHBHOI'O HCnonHeHHS!, npHBO)lS!TCS! 

XapaKTepHCTHKH KpHOI'eHHOii annapaTyphi, nony"IeHHbie B peanbHblX ycnOBHS!X 

S!)lepHOI'O SKCnepHMeHTa, 

Pa6oTa BbiiTOnHeHa B na6opaTOpHH S!)lepHbiX npo6neM 0115111. 

fipenpHHT 06'he,ll,HHeHHOI'O HHCTHTyTa S,ll,epHbiX HCCJie,ll,OBaHHii 

,ay6Ha 1976 

0 1976 06 .. eCluHeHHWU UHC•u•y• JfClepHWX UCCAeCl06QHUil){)I6Ha 

BBEJ{EHHE 

B Jia6opaTopHH H,D;epHbiX npo6neM OH.HH c OKTH6p.n 

1975 ro,D;a Ha nyqKe CHHXpO~HKnOTpOHa ,D;eHCTByeT nonH
pH30BaHHaH npoTOHHaH "3aMopo:>KeHHaH" MHllleHb. K Ha

CTOH~eMy BpeMeHH Ha MHllleHH npoBe,D;eHa cepHH Ce~COB 

no H3MepeHHJO C ~~ B ynpyroM p-p - pacceHHHH 
1 I . 

B ,D;aHHOH pa6oTe paccMa TpusaroTcH o6~ue npuH~Hnbl pa6o

Tbl "3aMOpO:>KeHHOH" MHllleHH. )l;aeTCH OnHCaHHe ee KOH

CTpyKTHBHOrO HCnOnHeHHH. llpHBO,D;HTCH xapaKTepHCTHKH 

KpHoreHHOH annapaTypLI, nonyqeHHLie B peanLHhiX ycno
BHHX H,D;epHOrO 3KCnepHMeHTa. 

"3aMOpO:>KeHHaH" nonHpH30BaHHaH npOTOHHaH MHllleHb 

HBnHeTCH, B HeKOTOpOH CTeneHH, HOBbiM npH60pOM ,D;nH 
H,D;epHbiX HCCne,D;OBaHHH H OTnH'IaeTCH OT 06bi'IHOH nonH
pH30BaHHOH MHllleHH TeM, 'ITO BbiCOKaH CTeneHb nonHpH-
3a~HH MHllleHH, ,D;OCTHrHyTaH C nOMO~biO ,D;HHaMH'IeCKOrO 

MeTO,D;a, nO,D;,D;ep:>KHBaeTCH B ,D;anbHeHllleM 3a C'leT oxna:>K

,D;eHHH MHllleHH ,D;O TeMnepaTypbl HH:>Ke 0,1K. "3aMopa:>KHsa

HHe" HepaBHOBeCHOH nonHpH3a~HH o6ycnosneHO 3Ha'IHTenL

HbiM B03paCTaHHeM BpeMeHH CnHH-pellleTO'IHOH penaKCa~HH 

H,D;ep npH CBepXHH3KHX TeMnepaTypax. 3TO n03BOnHeT npe

Kpa~aTh ,D;HHaMH'IeCKYJO nonHpH3a~HIO H BO BpeMH 3KCno-

3H~HH MHllleHH B 3KCnepHMeHTe COXpaHHTb ee CTa6HnhHOe 

3Ha'leHHe /-100o/o/B 6onee cna60M H MeHee O,D;HOpO,D;HOM 

MarHHTHOM none no cpaBHeHHIO C TeM, KOTOpOe Tpe6yeTCH 

,D;nH ,D;HHaMH'IeCKOH nonHpH3a~HH. 

0CHOBHOe npeHMy~eCTBO "3aMopa:>KHBaHHH" CBH3aHO 

C B03MO:>KHOCTbiO npHMeHeHHH MarHHTHbiX noneH pa3nH'IHOrO 

THna ,D;nH ,D;OCTH:>KeHHH nonHpH3a~HH H 3KCn03H~HH MHllleHH 
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Ha nyl.JKe. Ilpe:>K,ne acero 3To BLipa:>KaeTc.R a TOM, 'ITO npo

THaope"'HBhle Tpe6oaaHH.R BhlCOKOH O,D;HOpO,D;HOCTH non.R B 

60flhWOM 06'heMe H 60nhWOH anepTyphl ,D;n.R perHCTpan;HH 

BTOpH"'HhlX l.JaCTHIJ; MOryT 6LITh paJ,neneHhl TaK, 'ITO 3THM 

Tpe6oaaHH.RM y,noaneTaop.RIOT nH6o ,naa MarHHTa nopoJHL, 

nH6o o,nHH MarHHT c HJMeH.RIOIIJ;HMHC.R napaMeTpaMH. B n10· 

60M cnyqae MarHHTHa.R CHCTeMa CTaHOBHTC.R 6onee npOCTOH 

H MeHee ,D;OpOrOCTO.RIIJ;eH, l.JeM B MHWeHH C HenpephiBHOH 

,D;HHaMHl.JeCKOH non.RpHJan;HeH. 

BnepBhle H,D;e.R C03,D;aHH.R "JaMOpO:>KeHHOH" MHWeHH 6w

na BhiCKa3aHa B pa6oTaX /2,9/ B CB.R3H C llO.RBneHHeM 

HOBoro MeTo,na rny6oKoro oxna:>K,neHH.R. aeiiJ;eCTBa - nyTeM 

pacTaopeHH.R 3He a 4H/3/. O,nHaKo He,nocTaTOl.JHa.R MOIIJ;HOCTL 

pe<}lpH:>KepaTopoa H OTCYTCTBHe no,nxo,n.RIIJ;ero aeiiJ;eCTBa ,nn.R 

MHWeHH Ha ,D;flHTenLHOe BpeM.R 3aTOpM03HflH peanH3aiJ;HIO 

3TOH H,neH. B .nanLHeHweM 6naro,nap.R HHTeHCHBHLIM pa6o

TaM B o6naCTH TeXHHKH MeTO,na paCTBOpeHH.R, a TaK:>Ke 

B o6naCTH llOHCKOB HOBLIX BeiiJ;eCTB ,nn.R non.RpH30BaHHLIX 

MHWeHeH I 4, 8, IO/ 3TH Tpy,nHOCTH 6wnH ycnewHo npeo.no

neHLI. 

B paccMa TPHBaeMoM aapHaHTe "JaMopo:>KeHHOH" MHwe

.i:IH He npe,nyCMOTpeH nepeBO,D; MHWeHH B MarHHTHOe none 

HHOH reoMeTpHH, nocKonLKY 3Toro He Tpe6oaanH ycnoaH.R 

.R,D;epHOrO 3KCnepHMeHTa, ,nn.R KOTOpOrO MHWeHL npe,nHaJ· 

Hal.JanacL. PaJpa6oTKa ,naHHoro aapHaHTa a 6onLwo8 CTe

neHH npecne,noaana uenL HJy"'eHH.R BOJMO:>KHOCTeH KpHo

reHHOH annapa TYPLI a ycnoaH.RX 3KcnepHMeHTa Ha ycKo

pHTene H HCCne,noBaHH.R pa3nH1.JHhlX xapaKTepHCTHK CaMOH 

"3aMOpO:>KeHHOH" MHWeHH ,nn.R HCllOflh30BaHH.R 3TOrO OllhlTa 

npH npoeKTHpoaaHHH MHWeHH 6onLworo o6'heMa. BMecTe 

C TeM OllHChiBaeMa.R HH:>Ke ycTaHOBKa He .RBn.ReTC.R TOflhKO 

MO,nenLIO, T .K. ,D;OCTHrHyThle napaMeTphl ll03BOfl.RIOT HC

llOflh30BaTL ee B .R,D;epHhlX 3KCnepHMeHTaX C ,D;OCTaTOl.JHO 

BhlCOKOH 3<}l<}leKTHBHOCThiO. 

KOHCT P YKaH..H YCTAHOBKH 

06IIJ;a.R cxeMa ycTaHOBKH npe,ncTaaneHa Ha puc. 1. 

1. Kpuocmam. renHeBhlH KPHOCTaT 1 cny:>KHT ,nn.R ox

na:>K,neHH.R KaTyweK caepxnpoao,n.RIIJ;ero MarHHTa 2 H ,nn.R 
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Puc. 1 

5 

12 

_ _jE__ 

20,21 

22 

10 

9 
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o6ecneqeHHH pafioThl cTyneHH pacTsopeHH~ 3. BcH HH3Ko

TeMnepaTypuaH qacTL pe$pH~epaTopa pacTBopeHHH, BKnro

qarowaH CTyneHL paCTBOpeHHH 4 H TpaKTbl OTKaqKH 3He H 
4 

He 5, MO~eT 6hlcTpo ,IJ;eMOHTHposaTLCH H BhlHHMaTLCH 

H3 KpHOCTaTa ,IJ;ITH npo$HnaKTHKH HITH peMOHTa. 3KpaHH

pOBKa renHeBhlX eMKOCTeH OCyl.QeCTBnHeTCH HerepMeTHq

HbiM 3KpaHOM 6, npHCOe,IJ;HHeHHbiM K eMKOCTH C ~H,!J;KHM 
aJOTOM 7. BepxHHH renHeBaH eMKOCTL HMeeT HH.IJ;Hesoe 

ynnOTHeHHe, H, TaKHM o6pa30M, OTKphlBaeTCH ,IJ;OCTYIT K 

CHCTeMaM ynpaBneHHH H KOHTpOnH CBepxnpOBO,!J;Hl.Qero Mar

HHTa 8, pacnono~eHHhlM Ha,IJ; sepxHeH KaTyWKOH. 

~nH yMeHLWeHHH nornol.QeHHH BTOpHqHhlX qaCTHQ Bhl

XO,IJ;HOe OKHO 9 B a30THOM 3KpaHe BhliTOITHeHO H3 Me,IJ;HOH 

$onLrH TOITl.QHHOH 20 MKM, BhlXO,IJ;HOe OKHO BaKyyMHOrO 

KO~yxa 10 - H3 Mailnapa TOITl.QHHOH 200 MKM. 0KHa HMeiOT 

paCTBOp 120° B ropH30HTanLHOH rrnOCKOCTH. 

OcHOBHLie pa3Mephl KpHocTa Ta H MarHHTa: Hapy~HhlH 

,IJ;HaMeTp CBepxnpOBO,!J;Hl.QHX KaTyWeK - 290 MM, BHyTpeH

HHH - 130 MM, BbiCOTa Ka~,IJ;OH KaTyWKH - 50 MM, 3a3op 

,!J;ITH npOXO,IJ;a nyqKa COCTaBnHeT 30 MM, ITOnHaH BhlCOTa 

KpHOCTaTa OT BepxHero $naHQa )1;0 ,IJ;Ha - 1300 MM, ,IJ;HaMeTp 

BaKyyMHOrO KO~yxa - 400 MM. 06beM a30THOH eMKOCTH -

15 A, 06beM renHeBbiX eMKOCTeH - 16 A, none3HbiH OfibeM 

renHH - 12 A. 

3 3 
2. CucmeMa IIUPKYA.RIIUU He .CHCTeMa QHpKynHQHH He 

pe$pH~epaTopa paCTBOpeHHH H306pa~eHa Ha puc. 2. rpyn

na HaCOCOB, COCTOHl.QaH H3 ,IJ;H~Y3HOHHOrO 6ycTepHOrO 

Hacoca liH- 2000 /2000 A/ c/, poTaQHOHHoro MexaHH

qecKoro uacoca RUVAC WS-250 /70 A/c/ H $opsaKyyMuo

ro MexaHHqecKoro Hacoca BH-1Mr /18 A/c/, BKnroqeHHLIX 

nocne,IJ;OBaTenLHO, o6ecneqHBaeT MOITHPHYID CKOpOCTb QHp

KynHQHH 3 He B CHCTeMe BITITOTb )1;0 5· 10-3 
MOAb/C. ~nH 

npe.IJ;OTBpal.QeHHH 3arpH3HeHHH TpaKTa OTKaqKH 3HeMaCITOM 

OT Hacoca liH- 2000 HCITOITb30BaHa oxna~,IJ;aeMaH ~H,!J;KHM 

a30TOM nOBYWKa 1. ilOCKOITLKY pafioqee ,IJ;aBneHHe 
3
He Ha 

BXO~e liH-2000 H3MeHHeTCH B npe,IJ;enax OT 4-10- 2 )1;0 

10- MM p11l.C111., TO CITeQHanLHOH H30ITHQHH a30THOH eM

KOCTH ITOBYWKH He npe,IJ;yCMOTpeHO. 

lionLwoe BHHMaHHe o6paweHo 

B03Bpal.QaeMoro B KpHOCTaT 3 He 

6 

Ha CHCTeMy oqHCTKH 

OT napOB H npO,IJ;YKTOB 

'i 
4 

H~5 

BH-1Mr 5H-2000 

Puc. 2 

pa3no~eHHH Macna H HefionLworo KonHqecTBa B03,IJ;yxa 

H3- Ja B03MO~HhlX uapy~HhlX Teqeil. Hapy~HaH qacTL JTOH 

cHcTeMhl 2 npe.IJ;cTaBnHeT co6oil TPH BKniOqeHHbie nocne

,!J;OBaTenLHO noByWKH, OXna~,IJ;aeMLie ~H,IJ;KHM a30TOM /Ha 

cxeMe OHH ycnoBHO o6be.IJ;HHeHhl/. KpoMe Toro, uenocpe.IJ;

CTBeHHO y BhlXO.IJ;a MexauHqecKoro uacoca BH -1 Mr yeT a

HOBneH $HnbTp 3, nornol.QaiOl.QHH MaCnHHhlH "TyMaH". llep

BaH H3 oxna~,IJ;aeMhlX noBymeK Hanonueua Me.IJ;HOH cTpy~
KOH, ,IJ;Be nocne.IJ;yiOl.QHe - aKTHBHpoBaHHhlM yrneM. JloByWKH 

HMeiOT pa3nHqHoe KOHCTpyKTHBHOe HCITOnHeHHe. 0THOWeHHe 

nnol.Qa.IJ;H K Tonl.QHHe cnoH nornoTHTenH TpeTLeil noByWKH 

npHMepHO B ThlCHqy pa3 MeHLWe 3TOrO OTHOWeHHH BTOpOH 

nosyWKH. 06beMhl ByOpOH H TpeTLeH noByWeK, COOTBeT

CTBeHHO; 0,8 H 0,2 A. TaKaH KOHCTPYKQHH npe.IJ;OTBpal.QaeT 

6nOKHpOBaHHe CHCTeMhl oqHCTKH, ecnH ne,pBaH ITOBYWKa 

no KaKoil-nH6o npHqHue nponycTHT qacTL napoB H npo.IJ;yK

TOB pa3no~eHHH Macna, H, KpoMe Toro, o6ecneqHBaeT 

ITOITHYIO oqHCTKY 3He OT BCeX npHMeCeH, 3a HCKniOqeHHeM 

BO,IJ;OpO,IJ;a. 
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11 

13 

14 

20 

21 

33 

27 

22 

35 
34 

36 

Puc. 3 

8 

)J,JUI O"'HCTKH OT BOAOPOAa 6blJia A06aBJieHa BHyTpeHHJIJI 

CHCTeMa O"'HCTKH 4, KOTOpa.ll npeACTaBJIJieT C060H 5 He-

60JibWHX yrOJibHbiX JIOByWeK, BCTaBJieHHbiX B pa3pb1Bbl 

3MeeBHKOB OXJia)I{AeHHJI 
3
He/Ha puc. 2 yKa3aHbl ABe JIO· 

Bywxu/. B pe3yJILTaTe ycTaHOBKH Taxo8 BHyTpeHHeH cu

cTeMbl O"'HCTKH 6JIOKHpOBaHHJI JIHHHH B03BpaTa 
3
He He 

Ha6JIIOAaJIOCb Aa:>Ke npH HenpepbiBHOH pa6oTe KpHOCTaTa 

6e3 OTOrpeBaHHJI B Te"leHHe 100 '1. 

3. CmyneHb pacmeopeHUJI. CTyneHb pacTBopeHHJI JIBJIJI· 

eTCJI HaH6onee CJIO:>KHOH H OTBeTCTBeHHOH "laCTbiO BCeH 

ycTaHQBKH, onpeAeJIJIIO~eH OCHOBHble xapaKTepHCTHKH MH

WeHH. CxeMa ee noxa3aHa Ha puc. 1 H 6onee noApo6Ho, 

c TeMH :>Ke :uu<bpoBbiMH o6o3Ha"leHH.IIMH, - Ha puc. 3. ITpeA

cTaBJieHa TaK:>Ke <boTorpa<bHJI CTyneHH /puc. 4/ CO CHJITOH 

BaKyyMHOH py6aWKOH. 

llocne npeABapHTeJILHoro .oxna:>KAeHHJI AO 4 K 3
He no

cTynaeT B 3MeeBHK 11, pacnoJIO:>KeHHblH B TpaKTe OTKa"'KH 

napoB 4He H3 reJIHeBOH BaHHbl, npeAHa3Ha"leHHOH AJI.II KOH

AeHCa:UHH 3He /KOHAeHca TOP 12/. TpaKT orKa"'KH npeACTaB

JI.IIeT C060H BHTOK cnupaJIH, BblnOJIHeHHbiH H3 Hep:>KaBeiO~eH 
Tpy6KH cp 10 MM. )J,HaMeTp BHTKa COCTaBJIJieT 100 MM, 

paCCTOJIHHe Me:>KAY KOH:UaMH Tpy6KH no BepTHKaJIH - 30 MM. 

BHYTPH Tpy6KH pacnono:>KeHbl ,nBa 3MeeBHKa 11 H 13: 
nepBbiH - AJIJI npeABapHTeJibHoro oxna:>KAeHHJI 3 He , BTO

poH - AJIJI OXJia:>KAeHHJI :>KHAKOrO 
4
He, KOTOpbiH nocTynaeT 

B BaHHy·KOHAeHCaTOp H3 KpHOCTaTa no JIHHHH nHTaHHJI 

/KanHJIJI.IIp C BHyTpeHHHM AHaMeTpOM 0,3 MM H HrOJib"la· 

TblH BeHTHJib 14/. TpaKT OTKa"'KH TaKOH KOHCTPYK:UHH Bbl· 

nOJIHJieT ABe <ilYHK:UHH: BO·nepBbiX, yMeHLWaeT Tenno

npHTOK OT nocTyDaiO~HX B BaHHy·KOHAeHCaTOp 
3
He H 

4He, BO-BTOpbiX, CTa6HJIH3HpyeT 3anOJIHeHHe 3TOH BaHHbl 

:>KHAKHM 4He. CTa6HJIH3a:UH.II o6ycnoBJieHa HaJIH"'HeM oTpH

:uaTeJILHOH o6paTHOH CBJI3H Me:>KAY ypOBHeM :>KHAKOro 
4

He 

B TpaKTe OTKa"'KH H TenJIOBOH Harpy3KOH BaHHbl. qeM Bbl· 

we ypoBeHb, TeM MeHLWe noBepXHOCTb 3MeeBHKOB B napo

BOH 4la3e H TeM KOpoqe TenJIOBOH MOCT AO <bnaH:ua CTyneHH. 

3TO npenJITCTByeT KaK qpe3MepHOMY nepenOJIHeHHIO, TaK 

H ocyweHHIO BaHHbl, eCJIH, KOHe"'HO, COnpOTHBJieHHe HrOJib• 

"laTOrO BeHTHJIJI ycTaHOBJieHO B nOAXOAJI~HX All.ll AaHHOrO 

pe:>KHMa npeAenax. ITpaKTH"lecKH 6blJIH noAo6paHbl ABa no-
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Puc. 4 

10 

u 

I 

\ 
~ 

nO)KeH8Jl 8rnbl BeHT8nJI, COOTBeTCTBYIO~HX pe)I(HMY ,IJ;HHa
M8'1eCKOH nonJlp83aD;H8 8 3aMOpO)KeHHOMY pe)KHMy; He6onL
W8e 83MeHeH8Jl pe)K8Ma 8 cnyqaii:uble Kone6aHHJI anonae 
yKna,IJ;biBanHCL B ,IJ;Hana30H CTa6Hn83aD;HH. ,lJ;nJI KOHTpOnJI 
ypOBHJI ren8Jl B BaHHe 6bln ycTaHOBneH n8HeHHbiH CBepx
npOBO,IJ;Jl~HH ,n;aT'I8K ypoBHJI 15. OTKa'IKa BaHHbi ocy~ecT
BnJlnacL MexaHH'IeCK8M q,opaaKyyMHbiM uacocoM BH-4 c 
np083BO,IJ;8TenLHOCTLIO 45 A/C. TeMnepaTypa BaHHLI KOHT-
ponHpOBanaCL yronLHbiM conpoTHBneH8eM T 

6 
T8na 

Allen- Bradley. KpoMe Toro, MO)KHO 6blno uenocpe,n;-
CTBeHHO 83MepJITL ,n;aaneHHe napOB 4He C DOMO~LIO OUT8-
'IeCKOrO ,n;a4141epeHu;8anLHoro MHKpoMaHoMeTpa. H3Mepea
uoe ,n;aaneH8e MeHJlnocL B npe,n;enax OT 0,3 ,n;o 1,1 MM pm. cm. 

B 3aBHC8MOCT8 OT pe)K8Ma pa60Tbi pelilpH)KepaTopa. 06'LeM 
BaHHLI COCTaBnJln 200 CM 3.Ha ,IJ;He BaHHLI yno)KeH 3MeeB8K 
83 Me,n;uoro KanannHpa 16. 3,n;ecL 8 npoH3BO,IJ;8nocL OKOH'Ia
TenLHoe oxna)I(,IJ;eH8e 8 KOH,n;eucau;HJI 3He no,n; ,n;aaneu8eM, 
onpe,n;enJleMbiM conpoTHBneuaeM ,n;poccenJI 17, ycTaHoanea
aoro B n8HH8 3He nocne KOH,n;eacaTopa. ,lJ;poccenL npe,n;
cTaBnJleT co6oii uep)l(aBei0~8H KanannJlp c BHyTpeHH8M 
,IJ;HaMeTpOM 0,19 MM 8 ,IJ;nHHOH 250 MM. 

llocne oxna)K,IJ;eHHJI )K8,IJ;Koro 3 He B 3MeeB8Ke 18, pac-
3 

nono)l(eHHOM aa ,n;ae aaHHLI 8CnapeH8Jl 19, He nocTynaeT 
Ha BXO,IJ; 6noKa Tennoo6MeHH8KOB 20, 21 8 3aTeM B Ka
Mepy paCTBOpeH8Jl 22, r,n;e npOHCXO,IJ;HT nepexo,n; aTOMOB 
3
He 83 KOHD;eHTp8pOBaHHOH 4la3bl B pacTBOp 3He- 4He C 

nornmu;euaeM Tenna. llo,n; ,n;eiicTB8eM nepena,n;a ocMOT8'1ec
Koro ,n;aaneH8Jl, B03HHKaiD~ero np8 y,n;aneH88 3He 83 
BaHHbi 8CnapeHHJI, aTOMbi 3He AH4141YH,D;8py10T B,IJ;OnL KaHa
noB Tennoo6MeHH8KOB, 3anonHeHHLIX paCTBOpOM, 8 oxna)K
,IJ;aiOT BCTpe'IHbiH DOTOK KOHD;eHTp8pOBaHHOrO 3He. 

4. EAOK menAoo6MeHHUK08. Pewa10~HM IPaKTopoM ,n;nJI 
nony'leH8Jl CBepXH83K8X TeMnepaTyp B 3aMOpO)I(eHHOM pe
)K8Me H 6onLWOH MO~HOCT8 oxna)K,IJ;eH8Jl np8 ,IJ;8HaM8'1eCKOH 
HaKa'IKe JIBnJleTCJI KOHCTpyKD;8Jl C8CTeMbi Tennoo6MeHH8-
KOB. B aaweM aap8aHTe 8CnonL30BaHbi ,n;aa Tana Tenno
o6MeHH8KOB /T/o/: Tpy6'1aTbiH T/0 20 H CHnLlPOHHbiH f/o 
21, BKniO'IeHHble nocne,n;oaa TenLHO. 

Tpy6'1aTblii T/o o6ecne'I8BaeT pa6oTy peq,pa)KepaTopa 
npH ,IJ;8HaM8'1eCKOH nonJlp83aD;88, r,n;e Tpe6yeTCJI 6onLWaJI 
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MO~HOCTb OXlla)l(_neHH.H llpH cpaBHHTellbHO BbiCOKOH TeMIIe
paType loKono 0,3 Kl. KpoMe Toro, OH Heo6xo,nHM ,nn.H 
llpe,naapHTen&Horo oxna)l(,neHH.H 3He, '1To6w o6eclle'IHTb 
!lJyHKllHOHHpoaaHHe cun&!l!OHHoro T I o B "JaMopo)l(eHHOM" 
pe)I(HMe, r.ne Heo6xo,nHMO coJ,naaaTh TeMIIepaTypy 0,05 K 
H HH)I(e. 

Tpy6qaTbiH Tlo COCTOHT H3 ,nByX O,nHHaKOBbiX CeKllHH, 
BKnro'leHHbiX 11apannen&HO. Ka)l(,na.H ceKllH.H llpe,ncTaBn.HeT 
C060H CIIHpanb H3 Hep)l(aBero~eii Tpy6KH c,b 6,1 X 0,5 MM 

,nnHHOH 250 CM CO BCTaBneHHbiMH BHyTpb CeMbiD KaiiHn
ll.HpaMH ¢ 1, 7x0, 15 MM. 06~a.H 11no~a,nb Tellnoo6MeHHHKa 
COCTaBn.HeT 1540 CM 2 ; H3MepeHHOe COIIpOTHBlleHHe naMH
HapHOMY IIOTOKY 110 KaHany yacTBOpa - 2,9x106 

CM-
3 , 

110 KaHany 3He - 1 ,5x10 7 
eM- • 

KaK IIOKaJwaaroT pacqeT&I, JTOT Tellnoo6MeHHHK .non
)l(eH o6eclle'IHBaTb pa6oTy pe!lJpH)I(epaTopa B pe)I(HMe .nu
HaMH'IeCKoii llon.HpHJallHH, T .e. B o6nacTH 0,3 .K;·c llorno-
llleHHeM Tellna 12 MBITI, llpH CKopoCTH llHPKYll.HllHH 

-3 I 3,5x10 MoAb c. li&mo Bbi.HCHeHo, 'ITO llocne.noaaTen&Hoe 
BKlliQ'I~HHe ,nByX CeKllHH 3Toro Tellnoo6MeHHHKa llpHBO
,nHno llpH 6onbiiiOH CKOJ OCTH llHPKYll.HllHH K qpe3MepHoMy 
collpOTHBneHHIO .nu<P!lJYJHH 3 He B pacTaope H B peJyn&TaTe 
3Toro - K o6e,nHeHHID paCTBopa B BaHHe HCIIapeHH.H H CHH
)l(eHHID J!lJ!lJeKTHBHOCTH paCTBopeHH.H. llo3ToMy llpH Ta
KOM BKlliO'IeHHH CeKllHH Tpy6'1aToro Tlo pac'leTHa.H Mo~
HOCTb oxna)l(,neHH.H IIPH 0,3 K He 6wna .nocTHrHyTa. llpu
'IHHbi "CpbiBa" ,nu4J<PY3HH, CB.H3aHHbie C IIO.HBlleHHeM aHo
MallbHOro CollpoTHBlleHH.H Tlo llpH 6onbiiiHX CKopoCT.HX 110-
ToKa, ,neTallhHO He ,HJyqanHCb. ,lJ;oKa3aHo TOllbKO, 'ITO 
yMeHLIIIeHHe collpoTHBneHH.H IIPH 11apannenLHOM BKnroqe
HHH CeKUHH llpHBeno K YCTpaHeHHIO 3TOro J<P!lJeKTa. 

CunL!lJoHHLiii Tlo HMeeT 6on&IIIYIO lloBepxHoCTb Tellno
o6MeHa, paBHYIO 1 ,25x10 4 

CM ~B o6naCTH BbiCOKHX TeM
IIe pa TYP cunL!lloHHLiii T I o He J<P!lleKTHBeH, Ho ,nn.H llony'leHH.H 
caepxHH3KHx TeMIIepaTyp, HH)I(e 0,1 K, oH urpaeT oc
HOBHYIO ponh. KoHCTPYKTHBHo cunL!lJoHHbiH T I o BblllonHeH 
B BH,ne ,nHCKOBoro CHllb!lJoHa H3 480 Hep)l(aBeiO~HX Kollell 
C BHeiiiHHM H BHyTpeHHHM ,nHaMeTpoM 70 H 40 MM, CO
OTBeTCTBeHHO, TOll~HHOH 0,1 MM. Kollblla CBapeHbl Me)l(_ny 
Co6oii C IIOMOillbiO ,nu<P4Jy3HOHHOH CBapKH. 
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~ 
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KaHanbl ,nn.H 3He H paCTBopa BbiiiOnHeHbl B BH,ne CIIH
pallbHbiX KaHaBoK Ha BHeiiiHeH H BHyTpeHHeH IIOBepxHo
CT .HX CHllb!lJoHa; CollpOTHBneHH.H KaHanoB naMHHapHOMY 110-
TOKY - 5,2x10 5 CM-3 H 2,6x10 5cM-3, COOTBeTCTBeHHO. 3a30pbl 
Me)l(_ny ro4lpaMH CHllb<iloHa Ja,naiOTC.H 'leTblpbM.H p.H,naMH 
llpoKna,noK TOll~HHOH 0,1 MM. 

3414JeKTHBHOCTb Tellnoo6MeHa B CHnh<iloHHOM Tlo Ollpe
,nen.HeTC.H He TonLKo rpaHH'IHbiM collpoTHBneHHeM KaiiHllbl, 
Ho TaK)I(e Tellnollpoao,nHoCTbiD 3 He H pacTBopa B Ja3opax 
Me)l(,ny ,nHCKaMH. ,ll;n.H HCCne,noBaHH.H Ka'leCTBeHHOH CTopoHbl 
pa6oTbl Tlo H llony'leHH.H HeKoTopwx qucneHHbiX oueHoK 
IIPHBe,neHw pac'leTw u.neanH3HpoaaHHoii Mo,nenu, B KoTopoii 
Tellnoo6MeH llpoucxo,nHT qepe3 IIP.HMoyron&Hyro 11nacTHHy. 
llpu 3ToM rpaHH'IHoe TellnocollpoTHBneHHe 11nacTHHbl H Tell
nollpoao,nHoCTh 3 He H pacTBopa B JaJopax IIPHH.HTbl 110-
CTO.HHHbiMH. ,ll;n.H TaKOH MO,nenH HMeeM llpoCToe Bblpa)l(eHHe 
,nn.H lloToKa Tellna OT 6onee Tellnoro 3He K xono,nHoMy 
paCTBopy B O,nHOM 3a3ope Me)l(_ny llllaCTHHaMH: 

Lh ( T 
3 

- T 
4 

)(A 
3 

+ A 
4

) 

Q= 
2 2 

A 3 + A 4 2 
-------+f 11/ + 

v'm sh(y m f) y'IDA 3 A 4 th <JIDO 

- 3 
T (A

3
+A

4
) 

------, L - .nnuHa 11nacTHHhl, h - IIIHPHHa r.ne m = 
h(a 3 +a 4)A 3A 4 

3 
Ja3opa, T 3- TeMIIepa Typa He y Tellnoro Kpa.H 11nacTH-
Hbl, T4 - TeMIIepaTypa pacTaopa y xono~Horo Kpa.H llna
£THHbl, A 3 H A 4 - Tellnollpoaop.HoCTH 3fle H pacTaopa, 
T - cpe,nH.H.H TeMIIepaTypa (T 4 <T<T 3) ' e - IIIHPHHa llna
CTHHbl, a;:: R kT 3 = const , r.ne R k- collpoTHBneHHe KaiiHllhi. 

llpu T > 0,3 K, T .e. B o6nacTH cpaBHHTenLHo awcoKHX 
TeMIIepaTyp, /rn>> 1 H 11epawe ,naa qneHa a JHaMeHaTene 
Bblpa)l(eHH.H I 11 Manw 110 cpaBHeHHID c e. Bwpa)l(eHHe I 11 
Tor,na llpHBO,nHTC.H K BH,ny 

• Lh 
Q =(A +A )-,-(T - T ) , 

3 4 t 3 4 
121 
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'ITO MO)I(eT 6LITL TaK)I(e nonyqeuo uenocpe~cTaeuuo a pe
JynLTaTe npeue6pe)l(eHHH conpoTuaneuueM KanuuLI, KOTo
poe Mano a cpaaueuuu c TennoconpoTuaneuueM 3He u 
pacTaopa B 3a3opax. 

IlpH O'leHb HH3KH.X TeMnepaTypax, KOr~a v'mf << 1 H 
sh<vmf ) , th<v'mf) ,v'ffie ace Bblpa)l(euue /1/ o6pai.Qa-
eTCH B 
t'pauuuy: 

o6LI'Inoe Bblpa)l(euue ~nH Tennonepe~aqu qepe3 

Q = 
AT3~T 

(a3+a4) 

r~e A - nnoi.Qa~b nnaCTHHbl, paanaH L. e. 

/3/ 

TaKHM o6pa30M, CHnLcllOHHblH T/0 npH O'leHb HH3KHX 
TeMnepaTypaX npH6llH)I(aeTCH K H~eanLHOMy Tpy6'1aTOMy 
T/o, 'ITO o6ycnoaneHo cunLHLIM B03pacTaHHeM conpoTua
neHHH KanuuLI no cpaaHeHHIO c TennoconpoTHBneHHeM 3 He 
u pacTaopa a 3a3opax. 

qucneHHble oueHKH aenH'IHHbl ~(T 3-T 4 ), nony'leHHLie H3 
/1/ npH HCnOllb30BaHHH ~aHHblX H3 S-7 f,no3BOllHIOT C~enaTb 
Ka'leCTBeHHble BblBO~bl 06 3cllclleKTHBHOCTH CHnLcllOHHOrO T/ 0 
npu pa3nH'IHLIX TeMnepaTypax. Ilo cpaaHeHHIO c o6LI'IHLIM, 
HenpepbiBHblM T/0 Tpy6'1aTOrO THna, HMeiOI.QHM TaKyiO )l(e 
reoMeTpH'IeCKYIO noaepxHOCTL,TennoconpoTHBneHHeHawero 
cunLclloHnoro T/o npu T = 0,4 K npuMepHo B 100 pa3 6onL
we. O~HaKo y)l(e npu T = 0,1 K OTHoweHue TennoconpoTua
neHHH yMeHLwaeTCH ~o 4, a npu T = 0,04 K- npaKTH'IeCKH 
~0 1. 

BBH~y KOMnaKTHOCTH npH 6onLWOH BellH'IHHe noaepx· 
HOCTH H B03MO)I(HOCTH o6ecne'IHBaTb OnTHManLHOe rH~po
~HHaMH'IeCKOe conpoTuaneHue 6e3 cyi.QeCTBeHHoro yaenu
'leHHH 06oeMa )I(H~KOCTH CHnLcllOHHblH T/0 B o6naCTH HH)I(e 
0,1 K HBnHeTCH Hau6onee npe~no'ITHTenLHblM H3 acex 
Henpe.pLIBHblX T/o. 

K CO)I(aneHHIO, wyHTHpoaaHue T/o a~onL npoTO'IHLIX 
KaHanoa npuao~HT K yxy~eHHIO ero Ka'leCTBa, ecnu ~uana-
30H H3MeHeHHH uupKynHUHH 3He cnHWKOM wupoK. Tpe6oaa
HHe Manoro ru~po~unaMH'IeCKoro conpoTuaneHHH ~nH 6onL
wux UHPKYllHUHH 3He npHBO~HT K TOMY, 'ITO npu cpaBHH
TenLHO HH3Koii uupKynHUHH B 3aMopo)l(eHHOM pe)I(HMe o6-
MeHHHK 'laCTH'IHO WYHTHpyeTCH. 
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TeM He Menee npHMeHeHHe CHnLcllOHHOrO T/0 B HaWeM 
aapuaHTe "JaMopo)l(eHHoii" MHWeHH onpaa~ano ce6H no 
~BYM npH'IHHaM: ao-nepaLix, ~uanaJoH pa6oqux uupKynHuuii: 
oKaJancH He oqenL 6onLWHM /TennoaLie HarpyJKH pecllpu
)l(epaTopa B "3aMOpO)I(eHHOM" pe)I(HMe B YCllOBHHX pa60Tbl 
Ha YCKOpHTene TaKOBLI, 'ITO nOHH)I(eHHe CKOpOCTH UHpKyng-

-3 
UHH HH)I(e 10 MOAb/C Beno K nOBblWeHHIO npe~enLHOH 
TeMnepaTypbi/, BO-BTOpbiX, ~OCTHraeMaH TeMnepaTypa ~o
CTaTO'IHO HH3Ka, 'IT06bl 3a BpeMH 3KCn03HUHH nonHpH3aUHH 
MHweuu JaMeTHO ue paJpywanacL. 

5. DlmaHza MUIUeHu. O~HHM H3 uenTpanLHLIX yJnoa yc
TaHOBKH, BO MHOrOM onpe~enHIOI.QHM KOHCTPYKUHIO Hawero 
aapuanTa, HBns:eTcs: wTaHra MHWeHH 23. CxeMaTH'IHO ycT
poiicTBO wTauru noKaJaHo Ha puc. 1, a 6onee no~po6Hoe 
H306pa)l(eHHe YCTpOHCTBa HH)I(Heii: 'laCTH WTaHrH - Ha puc.3. 
IllTaHra cocTOHT H3 Hecyi.Qeii Tpy6LI 24, H3onupyroi.Qeii]Ipo6-
KH 25, BOllHOBO~a 26, pa~HO'IaCTOTHOrO Ka6enH 27, pe-

-' 
30HaTopa 28 C KaTyWKOH JIMP 29. 

TennoKOHTaKT 30 a o6nacTH BaHHLI-KOH~eHcaTopa cny
)I(HT ~nH yMeHLWeHHH Tenna, nocTynaroi.Qero a aaHHY ucna
penHs: no BOllHOBO~y, pa~HO'IaCTOTHOMY Ka6eniO, H3Mepu
TenLHhiM npOBO~aM H Tpy6Ke OTKa'IKH 31 H30nHpyiOI.QeH 
npo6KH. TennoKOHTaKT Me)I(~Y Me~Hoii: BTynKoii:, npunaHH
uoii: K yKa3aHHblM y3naM, H CTeHKOH BaHHbl-KOH~eHCaTopa 
OCyi.QeCTBnHeTCH 'laCTH'IHO nocpe~CTBOM KaCaHHH H 'laCTH'IHO 
qepe3 raJ B TpaKTe OTKa'IKH 3He. 

BaKyyMHOnonaH TOHKOCTeHHaH H30llHPYIOI.QaH npo6Ka H3 
Hep)l(aBeiOI.QeH CTanH nnOTHO BCTaBneHa B TOHKOCTeHHYIO 
Hep)l(aBeiOI.QYIO Tpy6Ky 32, coe~HHHIOI.QYIO BaHHY HCnapeHHH 
C KaMepoii: paCTBOpeHHH. 3a3op Me)l(~y CTeHKaMH COCTaB
ns:eT- 0,02 MM, ~HaMeTp npo6KH - 30 MM, ~llHHa - 150 MM. 

ru~pO~HHaMH'IeCKOe conpOTHBneHHe B 3TOM 3a30pe npu
MepHO a 103 pa3 npeaLiwaeT conpoTuaneHue 6noKa o6MeH
HHKOB no KaHany paCTBOpa. Haaepxy H30nHpyiOI.Qeii: npo6KH 
pacnono)l(eH yronLHLiii TepMoMeTp T 7 ~ns: H3Mepeuus: TeM
nepaTypLI aaHHLI ucnapeuus: 3He. 

BonHOBO,D H3 Hep)l(aBeiOI.Qeii: Tpy6KH ¢ 10x0,5 MM B HH)I(
Heii: qacTH Janonueu npo6Koii 33 H3 neuonnacTa ~ns: Jai.QHTLI 
OT H3nyqeHHH C Tennoro KOHUa BOllHOBO~a. BonHOBO~ HMeeT 
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061I.{.HH C H30JIHpyiOII.{eH npo6KOH BaKyyM; repMeTH3aiJ;HB HH)I(· 

Hero KOHIJ;a BOJIHOBO~a BhlnOJIHeHa C nOMOII.{hlO KBapu;eaoro 

CTeKJia 34, npHKJieeHHOro 3llOKCH~HOH CMOJIOH. 

Me~HhlH pe3oHaTop cornacyeTcB c BOJIHOBO~OM nocpe~

CTBOM pynopa 35, HMeiOII.{ero OTBepCTHB ~JIB BXO~a ~HcW>yH

~HpyiOII.{ero 3 He, B ~He pe3oHaTopa HMeeTcB Tpy6Ka 36, 

BCTaBJieHHaB B OTBepCTHe BhiXO~a KaMephi paCTBOpeHHB. 

Coe~HHeHHe Tpy6KH c ~HOM pe3oHaTopa pe3L6oaoe, co 

IIIJIHIJ;eBhiM ynJIOTHeHHeM ¢10 MM, ConpOTHBJieHHe KOTOporo 

MHOrO 60Jihiiie conpOTHBJieHHB BeiiJ;eCTBa MHIIIeHH. TaK KaK 

COllpOTHBJieHHe 3a3opa Me)l(~y Tpy6KOH H OTBepCTHeM npH· 

6JIH3HTeJihHO B 100 pa3 npeBhiiiiaeT COnpOTHBJieHHe IIIapHKOB 

nponaH~HOJia, 3allOJIHBIOIIJ;HX pe30HaTop, TO 
3

He npHHY~H
TeJihHO ~H~~YH~HpyeT qepe3 pe30HaTOp H 3~~eKTHBHO ox

Jia)l(~aeT BeiiJ;eCTBO MHIIIeHH. Ha pe3oHaTope TaK)I(e yKpen

neHhl yrOJihHhle TepMOMeTphi T l 7T S ~JIB KOHTpOJIB TeMnepa

TYPhl pe~pH)I(epaTopa Bo aceM ~uana3oHe H Kanu6poBKH 

curHana RMP nponaH~Hona. Harpeaarenh H3 KOHCTaHTaHa 

H 1 cny)I(HT ~JIB H3MepeHHB xono~onpoH3BO~HTeJihHOCTH 
ne~pux~epaTopa. /MeTo~HKa H pe3yJILTaThi H3MepeHHB oc-

'OBHhiX xapaKTepHCTHK p ;~pH)I(epaTopa npHBe~eHhl B Jipu
.ilOJKeHUU/. 

IIITaHra MHIIIeHH ynJIOTHBeTCB Ha BepxHeM ~JiaHJJ:e TpaK

Ta OTKaqKH 3 He. TaM )l(e npucoe~HHBeTCB cneu;uanLHoe 

IIIJI1030BOe YCTpOHCTBO, n03BOJIBIOII.{ee BhiHHMaTh IIITaHry H3 

pe~pH)I(epaTopa, He HapyiiiaB repMeTHqHOCTH TpaKTa OTKaqKH 
3
He.TaKoe ycTpOHCTBO IIITaHrH no3BOJIBeT MeHBTh Bell.{eCTBO 

MHIIIeHH B npou;ecce pa6oThl ycTaHOBKH. Enaro~apB 3TOMY 

OnHChiBaeMoe ycTpOHCTBO MO)I(eT HCnOJih30BaThCB H KaK 

HCCJie~OBaTeJihCKaB YCTaHOBKa. 

IIPHJIO)l(EHHE 

H3MEPEHHE OCHOBHhiX XAPAKTEPHCTHK 
PE~PH)l(EPATOPA. TEPMOMETPH~ 

H3MepeHHB xapaKTepHCTHK pe~pH)I(epaTopa npoH3BO~H
JIHCh C nOMOIIJ;hiO yrOJihHhiX TepMOMeTpOB. ~JIB HX KaJIH6-

pOBKH Mhl aocnoJih30BaJIHCh paBHOBeCHhiM cHrHanoM RMP 

CaMoro Bell.{eCTBa MHIIIeHH. TaK KaK BpeMB CnHH·peiiieToq-
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HOB penaKcau;uu 6hlcTpo pacTeT c noHH)I(eHHeM TeMnepaTy

Phi, TO ~JIB COKpall.{eHHB BpeMeHH ycTaHOBJieHHB TenJIOBOrO 

paBHOBeCHB B CHCTeMe B~epHhiX CnHHOB npH CBepXHH3KHX 

TeMnepaTypax npHXO~HJIOCh 3HaqHTeJihHO CHH)I(aTh HanpJJ:· 

)l(eHHOCTh MarHHTHoro nonB. CurHaJihl RMP OT npoTOHOB 

nponaH~Hona Ha6nro~aJIHCh c noMOII.{hiO annapa TYPhl ~JIB 
H3MepeHHB nOJIBpH3aiJ;HH, KOTOpaB MOrJia pa6oTaTh TOJlhKO 

B MarHHTHOM none 26,9 KFC. fi03TOMy nOCJie COOTBeTCTByro

II.{eH Bhl~ep)I(KH Bell.{eCTBa MHIIIeHH npH 3a~aHHhiX YCJIOBHBX 

HanpJJ:)I(eHHOCTh MarHHTHOrO nOJIB 6hiCTpO nO~HHMaJiaCh 

~o 26,9 KFc. llpou;e~ypa no~'heMa HanpB)I(eHHOCTH 6hlna 

Bhl6paHa TaKOH, qT06hl npH 3TOM He npOHCXO~HJIO 3aMeTHhiX 

H3MeHeHHH nOJIBpH3aiJ;HH Bell.{eCTBa. 3TOT npHeM BBJIBeTCB 

CBOeo6pa3HhiM "3aMopa)I(HBaHHeM" CTa THqecKOH nOJIBpH3a

IJ;HH npOTOHOB Bell.{eCTBa MHIIIeHH. ToqHOCTh TaKOH KaJIH6-

pOBKH ~OCTaTOqHo BhiCOKa H onpe~eJIBeTCB B OCHOBHOM 

ToqHoCThiO Kanu6poBKH cHrHana RMP B o6nacTH 1,5 K 

c noMOIIJ;hiO yroJihHoro pe3HCTopa T 1, TII.{aTeJihHO Ka.nu6po

BaHHoro B MarHHTHOM none B OT~eJihHOH YCTaHOBKe. 

E~HHCTBeHHhiM He~ocTaTKOM HaiiieH: Kanu6poBKH BB

JIBeTcB TOT ~aKT, qTO pa3JIHqHhiM TeMnepa TY:paM Ha Ka

JIH6pOBOqHOH KpHBOH COOTBeTCTBYIOT pa3JIHqHhle MarHHT

Hhle nonB. OcTaaancB OTKPhiThiM aonpoc, HaCKOJihKO CHJihHO 

H3MeHBeTCB TenJIOBaB Harpy3Ka Ha pe~pH)I(epaTop/H,CJie· 

~OBa TeJihHO, TeMnepa Typa paCTBOpajnpH H3MeHeHHH MarHHT

HOrO nOJIB B YCJIOBHBX MeXaHHqecKHX BH6paiJ;HH ycTaHOBKH. 

~JIB TOrO qT06hl OTBeTHTh Ha 3TOT BOnpoc, Mhl llOMeCTHJIH 

B KaMepy paCTBOpeHHB yrOJihHhle TepMOMeTphl, noKa3aHHB 

KOTOphiX CJia6o 3aBHCBT OT MarHHTHOrO nOJIB (fte~s~r
Speer, 220 OM/. 0Ka3anoch, qTo noBhiiiieHHe TeMnepaTy

phl pe~pH)I(epaTopa H3- 3a yBeJIHqeHHB MarHHTHOrO llOJIB 

BBJIBeTCB He3HaqHTeJihHhiM. 3TO 06'hBCHBeTCB, nO-BH~HMO

My, oqeHh xopomeH: MexaHuqecKoH: CBB3hl0 cTyneHH pacT

BopeHHB C MarHHTOM H, KpOMe TOrO, TeM, qTo 60JihillHHCTBO 

Y3JIOB HH3KOTeMnepaTypHOH qaCTH /o6MeHHHKH H KaMepa 

pacTaopeHHB/ H3rOTOBJieHhl H3 Hep)l(aBeiOII.{eH: cTaJIH. Koc

BeHHhiM nO~TBep)l(~eHHeM npaBHJlhHOCTH KaJIH6pOBKH TepMO

MeTpOB B MarHHTHOM none BBJIBeTCB TaK)I(e XOpomee COBna

~eHHe H3MepeHHOH H pacqeTHOH XOJIO~OnpOH3BO~HTeJihHOCTH 
pe~pH)I(epaTopa. 
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Puc. 5 

Ha pe3oHaTope unaHrH MHmeHH 6hinH pa3Mew;eHbi cne
,nyrow;He TepMoMeTpbi: Allen- Bradley /18 OM/ ,nn.R Ka
nH6poBKH CHrHana JIM P B o6nacTH 1,5 K IT 1 , puc. 3/, 
,naa TepMoMeTpa THrra Speer, 220 OM /Ha axo,ne pe3oHa
Topa - T 2 H Ha Bbixo,ne - T 3 I H ,ny6nHpyrow;He yronbHbie 
TepMoMeTpbi T 4 H T 5 . C IIOMOUJ;bJO 3THX TepMoMeTpoB 
Mbi CH.RnH OCHOBHhie xapaKTepHCTHKH peclJ.pH)I(epaTopa paCT
BOpeHH.R. 

3aBHCHMOCTb XOnO,IJ;OIIpOH3BO,IJ;HTenbHOCTH pe4JpH)I(epa
TOpa OT TeMrrepaTypbl IIpH ,IJ;BYX 3HaqeHH.RX IJ;HpKyn.RIJ;HH 3He 
rroKa3aHa Ha puc. 5. KpaTKO pa6oTy pe4JpH)I(epaTopa MO)I(
HO rrpoHnnJOCTpHpOBaTb cne,nyJOUJ;HMH xapaKTepHCTHKaMH: 
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1/ rrpH ri 3 = 3,5x10 - 3MOAb/c H Terrnoaoil Harpy3Ke 12 MB111 
. -3 

TeMrrepaTypa paCTBopa T = 0,3 K; 2/ rrpH n 3 = 10 MOAb/c 
B "3aMopo)l(eHHOM" pe)I(HMe T = 0,035 K. Hy)I(HO 9TMe
THTb, qTo 3TOT )l(e pe4JpH)I(epaTOp B ycnOBH.RX na6opaTop
HOrO KOfrryca II03BOn.Rn ,nocTHqb T = 0,02 K rrpH n3 
= 7x10- MOAb/C. 
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