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BBE,llEHHE 

MHHHManbHaR TeMnepaTypa B KaMepe paCTBOpeHHR pe$pHmepaTopa 
SHe - 4He onpeAenReTCR 3$$eKTHBHOCTbiO CHCTeMbl HCnOnbayeMbiX 
B HeM Tennoo6MeHHHKOB. Tennoo6MeH Me*AY BCTpe4HbiMH nOTOKaMH 
mHAKHX $a3 SHe B 4He ,OCYUieCTBnReMbiH 4epe3 pa3AeflRIOIIIYIO HX 
TBePAYIO CTeHKy, aaTPYAHeH CyllleCTBOBaHHeM TeMnepaTypHoro CKa4-
Ka KanH~bl Ha KamAOH H3 rpaHH~ paaAena mHAKOCTb-cTeHKa, onpe-

AenReMoro KaK t\T ~ RK ~ , rAe RK- YAenbHoe conpoTHBneHHe 
. ST3 

KanH~bl, Q - aenH4HHa Tennoaoro noToKa, nepeAaBaeMoro 4epea 
rpaHH~Y paaAena nn0111aAbiO S, a T - a6con~THaR TeMnepaTypa 
Tennoo6MeHHOH CTeHKH. 04eBHAHO, 4TO yMeHbWeHHR pa3HOCTH TeM
nepaTyp mHAKHX $a3 renHR B Tennoo6MeHHHKaX MOmHO AOCTH4b ny
TeM yaenH4eHHR nn0111aAH Tennoo6MeHHOH cTeHKH. YaenH4HTb 3$$eK
THBHyiO noBepXHOCTb Tennoo6MeHHoH CTeHKH MOmHO nH60 APo6neHHeM 
ee Ha TOHKHe nonocKH npo$HnHpoaaHHoH $0nb rH 1

1.
2 1

, nH6o npHne
KaHHeM K HeH ry6KH H3 MenKOAHCnepCHOrO MeAHOrO HflH cepe6pRHOro 

nopowKa 13•4 1 • 
K HaCTORIIIeMy apeMeHH nonHOCTbiO BbiRBHnHCb npeHMYIIIeCTBa 

H nepcneKTHBHOCTb TeXHOflOrHH cneKaHHR CTyneH4aTWX Tennoo6MeH
HHKOB H3 nopOWKOBWX MeTannoB. fnaBHOe AOCTOHHCTBO TaKHX 
Tennoo6MeHHHKOB 3aKfll04aeTCR B TOM, 4TO B HHX MOmHO nerKO AO
CTH4b Manoro HMneAaHca 151 H 04eHb 6onbWOH 3$$eKTHBHOH noBepx
HOCTH Tennoo6MeHa / 6/ , 

OnwT 3KCnnyaTa~HH nepcneKTHBHOH KOHCTPYK~HH KOMfiHHHpOBaH
HOro pe$pHmepaTopa pacTBOpeHHR / ?/ BWRBHfl HeAOCTaT04HYIO HaAem
HOCTb ero HH3KOTeMnepaTypHoro Tennoo6MeHHHKa H CTHMYflHPOBan 
paapa6oTKY HOBoro. 

KOHCTPYKUH~ 11 TEXHOflOfl1~ 113fOTOBflEHI1~ TEnfl006MEHHI1KA 

[cnH Tennoo6MeHHHK HHHHHKOCKH 1 51 3aHHMaeT no CBoeH KOH
CTPYK~HH KaK 6w npoMemyT04HOe nonomeHHe Me*AY Tennoo6MeHHHKa
MH HenpepwaHoro H cTyneH4aToro THna, TO a npeAflaraeMoH KoH
CTPYK~HH CAenaH AanbHeHWHH war B HanpaaneHHH C04eTaHHR 8 cne-
4eHHOM 6noKe 6onbWOH noaepxHOCTH Tennoo6MeHa C HH3KHM HMneAaH
COM AflR noToKa mHAKHX $a a 3 He 8 4 He. 

0CHOBHWM 3neMeHTOM TaKoro Tennoo6MeHHHKa /pHC.l/ RBnReTCR 
~HflHHAPH4eCKaR Tennoo6MeHHaR CTeHKa 1 H3 6eCKHCnQPOAHOH MeAH, 

T 
1 

!' 



I 

'-1 

I ' 

021 

C/J 61 

P~c. 1.KoHCTPYK4~A cTyneH~ H~3KoTeMnepaTypHoro Tenno
o6MeHH~Ka. 1 - Tennoo6MeHHaA cTeHKa; 2 - MeAHbl~ nope

woK; 3 - MBAH~e npoBOJ104K~; 4 - 4~J1~HAP; 5 - KP~WKa; 
6 - nepexogHaA Tpy6Ka. 

~MeiOll\aA pag~aJlbHble pe6pa no HapymHO~ ~ BHyTpeHHe~ CTOpoHe. 
Mempe6epHble npoMemyTK~1 3anonHeHbl MeAHbiM nopowKoM 2, npwne4eH
HWM K Tennoo6MeHHO~ CTeHKe 1. nony4eHH~~ Tennoo6MeHH~A 6JlOK 
3aKp~T CHapym~ MeAHWM'4~Jl~HAPOM 4 ~ Kp~WKOA 5 ~ repMeTM3~poBaH 
TSepA6A ~Jl¥1 MArKoA naAKoA B BaKyyMe. 8HyTpV1 6noKa OCTasneHo 
CI<B03Hoe oTsepcTMe, 4epe3 KOTopoe snocneACTB~~, nocne c6opK~ 
see~ CMCTeM~ Tennoo6MeHH~KoB, npoXOAMT TennosaR npo6Ka. Konb-
4eBo~ KaHan AI1A n OXOAa KOHl.leHTp~pOBaHHOA (j)a3bl 3He 3aAae-fC"fl-

pa3Mepa~~ ~~.§l~E!£~~ r!loJ?l\!!)} s-:=K§Tbpo~- ~J?OXOA~.T cn~KCI.H~e.~T~n~9-
~=.QQ.!i.C!.· • Baw·AY Taro, 4To I<OHCTPYKL.l~R Tennoo6MeHH~Ka 
He no3BOJ1AeT npOBOAIHb menaTeJlbHYIO noAnpeCCOBKy CB060AHO Ha
c~naHHOrO MeAHoro nopowKa, a Tennosoij KOHTaKT cne4eHHO~ ry6K~ 
C Tennoo6MeHHOA CTeHKO~ AOJl)l{eH 6b1Tb HagemHbiM, PBA~aJlbHble pe6-
pa Tennoo6MeHHOA CTeHK~ ~MeiOT MHOlKeCHlO MaJlbiX OTB~pCT~~, 
B KOTOpble nepeA 3aCblnKoA MeAHOrO nopowKa BI<JlaJ;IbiBBIOTCA KOpoT
KMe OTpe3KV1 MegHWX npOBOJ104eK 3. npM cneKaH~M npO~CXOAMT 3Ha-
4~TeJ1bHaA ycagKa nopowKa, B pe3yJ1bTaTe KOTOpO~ nOABJ1AIOTCA 
pag~aJlbHble 1J1enw Me>«AY H~lKHMM~ nnocKoCTRMM pe6ep M npoceswe~ 
cne4eHHo~ ry6Ko~. CeTb nposonq4eK 3 ocy1J1eCTBnAeT nepeAa4y ¢o
HoHos ~3 rny6~HHbiX cnoes cne4eHHoro nopowKa K 6n~>Ka~weMy 3ne
MeHTY paA~BJ1bHoro pe6pa Tennoo6MeHHO~ cTeHK~. CneAyeT 3aMe
T~Tb, 4TO CBOCICTBO nopOWKB C~JlbHO yca>KMBaTbCA np~ cnet<aH~~ 

I nonolK~TenbHO npORBJ1ReTCR B AdHHO~ KOHCTPYK4~M B TOM, 4TO o6-
~--::;_...,_ ·-
2 

...... 

pa3yiOll\MeCA 1J1eJ1M npegCTaBJlRIOT co6o.:\, no-cy1J1eCTBy, CMCTeMy AJ1R 
CTOKa (j)OHOHOB B CKOJ1b3All\MA MMMO Tennoo6MeHHOrO 6noKa noTOI< 
3He, BblnOJ1HRA TY >Ke (j)yHK4MIO, 4TO ~ PBAMBJ1bHble pe6pa Tennoo6-
MeHHOC\ cTeHKM. TaKMM o6pa3oM nony4aeTcR, LITO PBA111anbHBA .rny-
6~Ha cne4eHHO~ ry6K~ He AOJ1)1{Ha CKa3biBaT bCR Ha BbiXOAe $OHOH08 
8 o6TeKaiOIJ1M~ noToK renwR w, cneAOBaTeJ1bHO, AJ1R Ha6opa menaeMoC\ 
3¢(j)eKTMBHO~ nosepxHOCTM Tennoo6MeHa paAManbHble pa3Mepbl Tenno
o6MeHHMKa MOlKHO yBeJ1V14HBaTb. 

8' CBR3V1 C CYll\eCTBeHHbiM pacxomAeHMeM TeXHOJ10rMM cneKaHMA, 
on~CBHHOC\ B pa3HbiX pa6oTaX /2,8/, 6bJJla rpoBeAeHa npeJ:~BapMTenb
HBA OTpa6oTKa onTMMBJlbHOrO np04ecca cneKaHMA AllA HeynJlOTHeHHO
ro cnoR MeAHoro nopowKa. npw 3TOM sapbwposanwcb TBKII1e ycnoB~A 
11P04eCCa, KBK TeMnepaTypa, npOJ:IOJ1lKMTeJ1bHOCTb ,111 aTMOC¢epa. 
TeMnepaTypa M3MeHAnacb oT 700 AO 900°C, npoAonmwTenbHOCTb 
oT OAHoro AO wecTM 4acos. CneKaHwe npo~3BOA~nocb s sat<yyMe, 
B cpeAe YJ1bTpa4V1CTOro ~OAOPOAB V1 npw MX 4epe,Q08aHII1M. 

KpMTep~eM Ka4eCTBa cneKaHV1A o6pa340B cnymwn~ o6beMHa~ ycaA
Ka nopowxa, 4BeT no8epXHOCTM, MexaHM4ecxa~ npo4HOCTb C4enne
HMA OT,QeJlbHbiX sepeH APYr C APYrOM V1 C nnocKo~ nosepxHOCTbiO, 
KPV1TM4eCKV1171 pa,Qwyc wsrw6a MMJlnlo1MeTposoro, cnoA nopowxa, npwne-
4eHHoro K MeAHOC\ nnaCTMHe. 

Hawny4wwe pesynbTaTbl Aan npo4ecc cneKaHHR, npose,QeHHbl~ 

s Te4eHwe 3 4 np1o1 TeMnepaType 850°C c npe,QsapwTenbHO~ o41o1cT
KoA cneKaeMbiX noaepXHOCTe~ 4MCTbiM BOAOPOAOM. 04MCTXB npOBOf.llo1-
JlaCb np111 t = 650 °C nyTeM MHOroKpaTHOrO HanycKa BOAOPOAB B sa
KyyMHbiA KOHTe171Hep ne4M AO ,Qa8neHV1R s AeCRTKI-1 Topp 111 nocne,QyiO
llleC\ OTKa4KM AO BbiCOKOrO 8aKyyMa. CTaAHR 04V1CTKM 3aHio1Mana OI<O
JlO 1/2 4, saTeM wno cneKaHwe npw P <10- 5 Topp. B KOH4e npo-
4ecca cneKaHHR B KOHTe~Hep nOAaBaJlCR BO.QOPOA,V1 ne4b OCTbiBana 
AO t < 1 00°C. 

06pa34bl V13 cneKwerocR c(j)epw4ecKoro Me,QHoro nopowKa co cpeA
HV1M AV1BMeTpOM OKOJlO 30 _MKM lt1MeJ1V1 ycaAKY OKOJ10 5%. f<pV1TV14eCKMC\ 
pa,QMYC V13rV16a, npM KOTOPOM noRB!lRJlMCb Tpell\MHbl 8 BepxHeM CJloe 
nopowxa, 6b1Jl MeHee 10 MM. YAeJ1bHbiH MMneAaHc cne4eHHO~ ry6KM co
CTaswn 2,02 ·10 8cM-2.0TABJlbH::.Ie sepHa nopowKa 6biJ1V1 npo4Ho c8ape
Hbl ,Qpyr C ,QpyroM V1 t "nosepXHOCTbiO nOAJ10lKKM V1 MMeJ1V1 3BpKaJ1bHO 
4MCTYIO noeepxHOCTb. Ko3$¢M4V1BHT sanonHeHMB cocTaB~n 71%. 

lifcnbJTaHHA ciltcTeMbl Tennoo6MeHHV1KOB npose,QeHbl s Te4eHMe roAa 
Ha ABYX sapMaHTaX'HosoC\ MOAenw KOM6V1HMposaHHoro pe(j)plt1>KepaTopa 
paCTBOpeHMR.• ,/J,nR MX C03,QaHV1A 6b!Jl V1CnOJ1b30BaH, KaK OGHOBa, yll(e 
pa6oTaawwi1 pe(j)pwmepaTop /7/, 8 xoTopoM HenpepbJBHbiC\ Tennoo6MeH
HV1K CV1Jlb(j)OHHOrO Tlo1na 6~n 38MeHeH CTyneH4aTOH Clt1CTBMOC\ 1-13 on~

CaHHbiX 8bll1Je 6noKoa. B nepBOM sapwaHTe cwcTeMa COAepmana TP~ 
6JlOKa V1 CTapyiO KaMepy paCTBOpeHV1R, a 80 BTOpo'l»~ - 4eTblpe 61101<8 
H HOBYIO KaMepY' paCTBOpeHMA BABOe MeHbWer6 o6beMa /50 CM 3/. 
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P11c.2~ KoM6MHHposaHHY~ pe<)JpMmepaTop pacTsopeHHR 
c-zi:CTyneH4aTbiM Tennoo6MeHHHKOM. 

i{poMe Taro, B HOBO~ MO,QeJH1 YCT3HOBJleH Tpy64aTbl~ 
Tennoo6MeHHHK, aHanorM4HW~ no KOHCTpyK~HH npemHeMy, 
HO C ~Mne,QaHCOM Ha pa~6aBJlBHHO~ CTOpOHe, MeHbWHM 
Ha nopr~.qoK, 4eM y npe.QwecTBYIOll.\ero. OcHOBHo~ H e,QHH
CTBeHHbii1 APOCCBJlb MMeeT HMne.qaHC 4 ·1 0 10 cM -S H CTO
MT Ha BWXO,Qe TenJl006MeHHHKa HHme KaMepw HcnapeHMR. 
06ll.\HH BHA BTOporo BapMaHTa MO,QepHM3MpOBaHHO~ MO
,QBJlvt peQ:>pM~<epaTopa npe.qcTaBneH Ha p11c.2. 

Bee MaMeHeHHH CKaaanHCb cyll.\eCTBeHHYM o6paaoM 
Ha pa6oTe pe$p!llmepaTopa. BpeMfl BbiXOAa Ha TeMnepa
TYPY B 11 Mf< COCTaBHJIO 3 4 B nepBOHal.laJlbHOM ~HKJle 
OXJlamgeHHH M OKOJlO 2 4 BO BTOpOM ~HKJle. MHHMManb
HaR TeMnepaTypa Ha 3KCnepHMeHTaJlbHOM o6paa~e .[\O
CTMrna 10,4 MK npH n3 =3·10-4 MOnb/c. noneaHaR 
XOJlO,QOrlPOH3BO,[li-1TBJ1bHOCTb pe<)JpHlKepaTOPOI? npe.[\CTaB
JleHa Ha pHC.3. 3TOT pHCYHOK HarJlR,QHO OTpamaeT RBHOe 
npe¥1MYll.\eCTi:i'Cl-nocnegHe~ MO.Qe!lH pec)lpw~<epaTopa c 4-cTy
neH4aTwM Tennoo6MeHHHKOM nepeA csoe~ npe.qwecTBy~
lJ.lBH I~O,QBJ1biO, a TaKlKe llepe,Q HBKOTOPbiMH H3BeCTHb!MH 
aHanoraMH. 

OnHcaHHWH Tennoo6MeHHHK RBnReTCR npocToA, TexH6-
norH4HOH 11 Ha,QelKHOH KOHCTpyK~He~, YA06HOH ,QJlR npM
MeHeHHH He TOJlbKO B KOM6111HMPOBaHHOM pe$pl1lKepaTope 
paCTBOpeH11H, HO 11 B Jl~60M ,qpyroM C ~eHTpaJlbHbiM BBo
AOM 3Kcnepi1MeHTanbHoro o6paa~a. 

Cne,qyeT OTMeTMTb o.QMH samHbl~ acneKT, KacaiOUJ.MHCR 
BJli-1l'lHMR rpaBII1Ta~l10t-IHOH HeycToi14111BOCT>1 ¢aa 3He 
s 4 He Ha pa6oTy pe$pHmepaTopa pacTBopeHI1R. 3ToMy 
sonpocy npMAasanocb samHoe 3Ha4eHI1e /2,9/. ~1oAePHH
~11posaHHW~ sap111aHT KoM6HHHposaHHoro pe¢pl1mepaTopa 

paCTBOpeHHH RBJlfleTCH 05beKTOM, B KOTOpOM 3TO HB!leHMe ,[lOJl}KHO 
6btno 6bl npoHBHT bCR HaH6onee ?.BHO. Bo-nepBbiX, noTOMY, <no s HeM 
OTCyTCTByeT gHa¢parMa, yMeHbWa~ll.\BR paa6asne~11e ~HPKYllHPYIOll.\eH 
cMecH a a c'-leT nneHKH He IL Bo- BTOPbiX, noToMy, 4To ero Cv1CTeMa 
Tennoo6MeHHHKOB RBJlReTCH npOTHBOT04HO~ Ha BeeR ,QJ111He H 11MeeT 
eec bf'la lllY!POI<v.i1 KOllbL\ ~soR KaHan Ailfl paa6asneHHoro pacTsopa I oT 
2: Mf'l B HV1>KHe~1 T~nnob6MeHHHKe AO 1 MM B 8epXHe~1/. HeCMOTPR· Ha 
CTOJlb 6naronpHHTHble jiCJlOBV.R, H111<aKVIX HBYCTOH'-!11BOCTeH B pa6oTe 
pe¢pMmepaTopa He Ha6n~ganocb. no-BHAMMOMy, rpaBHTa~I10HH3R He
CTa6!11JlbHOCTb ~jOJl~(Ha npORBJlRTbCR 111160 np11 MaJlqiX CKOPOCTFIX ~Hp
I<YJlRL\viVI, r1116o i;1MeTb MecTo Ha y4aCTKe sTop oR nonoBII1Hbt AJ111Hbl 
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0 10 20 30 40 50 1 MK 
P11c.3. CpaBHMTenbHaR xonoAonpoi13BOAMTenbHOCTb paanM4-
HbiX pe¢pMm~pa~opOB paCT BopeHH.R, [lPH Be.[\eHHaR I< eA11tiOi1 
CKOpOCHI• ~MPKYJ1R~I1M n3 =3.10,-~ MOJlb/c. A- TeopeTM-
4BCK3R aasMCHMOCTb; B - ~oM6MHHposaHH~i1 pe¢pl1mepaTop 
pa-cTsopeHM.R c 4-cTyneH4aTbiM Tennoo6MeHHMKOM I .qaHHaR 
pa6oTa/; C - KOM6MHHpoBaHH~H pe<)JpMmepaTOp paCTBOpeHI1A 
c 3-cTyneH4aTbiM Tennoo6t-1eHHHKOM I A3HHaR pa6oTa/; 
-/1 .., pe<!JpHmepaTop 3HXOJlbMa/ lO~ ---0 - KOMMep•leCKM~ peQJp11-
mepaTOp DRP-36 $11PMbl S.H.E. 

npe.[\sapMTBJlbHoro Tpy64aToro Tennoo6MeHHMKa np~1 ieMnepaTypax 
nopR.QKa O,lK. 

AHAJU13 PA60Tbl KAMEPbl PACTBOPEHHB B PA30BOM PE)!(I1i1E 

MHHMManbHaR TeMnepaTypa, nony4aeMaR s paaosoM pemJ::1Me Ra6o
Tbl, ,QJlR pe<)JpMmepaTopa C 6oJlbWOH KaMepOH paCTBOpeHMR OKa3anaCb 
pasHa~ 7 MK, a c ManoA KaMepoA - 8 MK. 
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B CBH3~ c 3T~M pe3ynbTaToM npe,qcTasnHeT ~HTepec npoeecT~ 
6onee ,qeTanbHbiH aHan~3 pa6oTbl KaMepbl pacTeopeH~H e pa30BOM 
pe>K~Me, 4eM 3TO 6bmo c,qenaHo paHbWe /1;3,11,12/. 

oy,qeM AilH npOCTOTbl C4~TaTb, 4TO BCH xono,qonp0~3BO,q~Te!lbHOCT b 
npo4ecca pacTeopeH~H ·3 He e 4He 3aTpa4~eaeTCH Ha oxnam,qeH~e 
TO!lbKO TOH >K~AKOCT~, KOTOpaH HaXOA~TCH B KaMepe paCTBOpeH~H. 
np~MeM, 4TO B Ha4anbHbiH MOMeHT BpeMeH~ t = 0 B KaMepe co,qep-
>KaTCfl M o Monei1 KOH4eHTp~poeaHHoi1 Cf>a3bl 3He ~ N

0 
Monei1 

pa36aeneHHOH, oxnam,qeHHbiX e HenpepbiBHOM pem~Me pa6oTbl ,qo CTap
Toeoi1 TeMnepaTYP.bl T 0 . 

np~ OTKa4Ke ll 3 MO!leH 4~CTOro 3He 8 e,q~H~4Y BpeMeH~ 8 Ka
Mepe paCTBOpeH~H pa3B~BaeTCfl XO!lO,qonpo~3BOA~Te!lbHOCTb 

Q = n 
3

(a-,B)T 2(t). /1/ 

r,qe a= 108 Am/Monb· K 2 ~ .B = 24 Am/Monb· K 2 - K03CI>CI>~4~eHTbl TeMne
paTypHoi1 3aB~C~MOCT~ MOI1HPHOH TennoeMKOCT~ pa36aeneHHOH ~ KOH-
4eHTp~poBaHHOH $a3 COOTBeTCTBeHHO, a T(t) - paBHOBeCHaH TeM
nepaTypa KaMep~ 8 paCCMaTp~BaeM~H MOMeHT BpeMeH~ t . no Mepe 
OTKalfK~ 3He KOI1~4eCTBO KOH4eHTp~poBaHHOH Cf>a3bl 6y,qeT yMeHb
waTbCH no 3aKoHy M=Mo-n 3t, a Kon~4eCTBO pa36aeneHHoi1 Cf>a3~ 

• · • Vac so3pacTaTb no TOMY me 3aKoHy N =N 0 +yt, r,qe y=n
3
--, a V

3 
~ 

v 3d c 
V Sd - MO!lHPHble 06beMbl KOH4eHTp~poBaHHOH ~ pa36aeneHHOH Cf>a3 
cooTBeTCTBeHHO, onpe,qenfleMble ~3 BblpameH~H V = V 4 I X + 7,6 + 1,65X 2~121 

B KOTOpOM V 4 - MOilHPHbiH o6beM 4~CTOrO 4He, a X - KOH4eHTpa-
4~R 3 He. 

oy,qeM Clf~TaTb, 4TO 4aCTb XOJ10,qOnp0~3B,0A~Tenb.HOCT~ 3aTpa-
4~BaeTCH Ha KOMneHCa4~~ BHeWHero Tennonp~TOKa q, a OCTaBWaRCH 
4aCTb yxo,q~T Ha noH~>KeH~e TeMnepaTypbl o6e~x Cf>a3 3He Ha · .ae-
n~4~Hy dT. TaKW1 o6pa3oM, ,qnR dT MO>KHO Han~caTb ypasHeH~e 

dT 
Q- q 

C(T,t) dt' 

r,qe C(T, t) . .,.. nonHaH TennoeMKOCTb o6e~x Cf>a3 ren~R s o6beMe 

121 

KaMepbl pacTsopeH~H. AnR MOMeHTa speMeH~ t ,qnR nonHoi1 TennoeM
KOCT~· MO>KHO Han~CaTb, liTO 

C(T,t) =,BT(M
0
-n

3
t) +aT(N

0
+yt) 

no,qCTaB!lRH /1/ ~ /3/ 8 /2/ ~ ~HTerp~pyH, nony4aeM Cf>OpMyny 

• 2 • 
n3 (a -,B)T - q 

l ] 
• ) 2 • 
na(~-'-.8 To-q 

6 

. .,. 

.B-ava/Vsd 
2( a..,-{3) (,B -a Vac /V 3d) nat 

=1-
,BM 0 +aN 0 

131 

/4/ 

h 

n 
·'~) 
' I' 
~ 

1, 

,, 
:~~ ., 
:) 

~·· ~ 

KOTopafl OTI1~4aeTcfl oT aHanor~4Horo BblpameH~R pa6oT /1,3,11,12/ 
TeM, 4TO y4~TbiBaeT Bil~flH~e Ha4a!lbHOro Cf>a30BOr.O COCTaBa >K~,q

KOCT~ ~ ero A~HaM~4eCKOe ~3MeHeH~e 8 KaMepe paCTBOpeH~H. 
4pCT~4HaH no,qcTaHOBKa 4~CI10BbiX 3Ha4eH~H a, ,8, V 3c ~. V Sd 

np~BOA~T K ypaBHeH~~ 

[ n
3
(a-,B)T2-q 0,089 

n3(a-,B)T5-q] =1-

0,6225 ~ 3t 
/51 

M 0 (1 +4,5N 0 /M 0 ) 

nony4eHHaH cJ>opMyna /5/ npe,qcTaenReT co6oi1 epeMeHHY~ 3ae~c~
MOCTb OTHOC~Te!lbHOH XOI10AOnp0~3BOA~Te!lbHOCT~, 3aTpa4~BaeMO~ Ha 
oxnam,qeH~e KaMepbl pacTeopeH~H, ~ cnpase,qn~sa np~ ycnoe~~, 4TO 
T 0 <40 MK. H3 ypasHeH~R /5/ s~,qHo, 4TO o6e ero 4acT~ scer,qa 
nono>K~TenbHbl. 3To o3Ha4aeT, ·4To s n~6oi1 MOMeHT speMeH~ xono,qo-
npo~3BOA~TenbHOCTb npo4ecca pacTsop~H~R 3He npeeocxo,q~T BHew-
H~i1 Tennonp~TOK q. 

H3 cJ>opMyn~ /5/ B~AHO, 4TO KOHe4HaH TeMnepaTypa 3aB~C~T TaK
>Ke OT Ha4a!lbHOrO $a30BOrO COCTaBa >K~,l\KOCT~ 8 KaMepe paCTBOpe
H~R ~ CKOpOCT~ paCTSopeH~H ~3 . .[\nR nony4eH~H 6onee H~3KOH 
KOHe4HOH TeMnepaTyp~ HY>KHO CTpeM~TbCH K yBeJl~4eH~~ ~S , a TaK>Ke 
K yMeHbWeH~~ CTapTOBOH TeMnepaTypbl TO, yMeHbWeH~~ Ha4a!lbHOrO 
Kon~4e<:Tsa pas6aeneHHoi1 Cl>a3bl. N 0 ~, rnaBHbiM o6pasoM, K yMeHb:
weH~~ BHewHero Tennonp~ToKa q • Ecn~ 6bl BHewH~i1 Tennonp~TOK q 
6b1Il paBeH HYiliO ~ BeCb 06beM Kalo~epbl paCTBOpeH~H B Ha4a!lbHbiH MO
MeHT speMeH~ 6bl!l sanonHeH 4~CTbiM 3He To, cornacHo ypaeHeH~~ 
/5/ AilR T, AOCTi-!raeMOH B MOMeHT t 0=M0 ';~ 3 • nony4aeM 4,2·10-3T

0
• 

TaK~M o6pa3oM,_,qame s OTCYTCTB~e BHewHei1 Tennoeoi1 Harpy3K~ q 
KOHe4HaH TeMnepaTypa He pasHa Hyn~. TeopeT~4ecK~ e ~,qeanbHO 
~son~posaHHoi1 KaMepe pacTsopeH~R, oxnam,qeHHOH npe,qsap~TenbHO 
,qo T 0=0,01K, MO>KHo 6bmo 6bl ,qocT~4b T =5·10-5 K, 4eMy s peanb
HOM CI1y4ae, 6esyCJ10BHO, noMewaeT BHeWH~H Tennonp~TOK ~ BR3KOCT
HbiH Harpe a pa36asneHHoi1 cJ>asbl 3He. 

,[\nH npo4ecca a,q~a6aT~4ecKoro pacTsopeH~R :sHe ,qo paeHosec~ 
Hoi1 KOH4eHTpa4~~ X d = 6,4 %, nona raH y =n 3 , nony4~M Cf>opMyny 

i1 3(a-§)T
2
-q=[ 1 (a-§)~at 1-2 /6/ 

• ( 2 • + ' n 3 a- .B )T 0- q ,BM 0 +aN 0 

on~CbiBa~ll\Y~ ~3MeHeH~e TeMnepaTypbl CO speMeHeM 8 r~noTeT~4eCKOH 

KaMepe no Mo,qen~ B~Tn~ ~ ,qp / 31• Ha p~c. 4 npe,qcTasneH pac4eT 
OTHOC~Te!lbHOrO ~3MeHeH~H TeMnepaTypbl 8 KaMepe paCTBopeH~R CO 
BpeMeHeM ·AJlH pa3J1~4HbiX Ha4aJlbHbiX YCilOBHH. 06pall\aeT Ha ce6R 
BH~MaH~e npe~Myll\eCTBO peanbHOH KaMep~ nepe,q rHnOTeT~4eCKOH. 
CornacHo ypasHeH~~ /6/ ~ pHc.4, np~ a,q~a6aTH4ecKoM pacTBopeHHH 
3He Trnin=0,22T 0 , 4To cosna,qaeT c pesynbTa":oM pa6oTbl/131 .• 1-13 
PHC. 4 BH,l\HO ,: 4TO AilR BbiCOK~X BHeWH~X Ten!lOBbiX Harpy30K y4aCTOK 

7 



ilh 

npatCTI14eCKIII CTa611JlbHO,H Te~nepaTypbl MOJI(eT 3aHI1MaTb 3Ha4HTeJlbHyiO 
qacTb o6l!.\ei1 npo.qomKHTeilbHOCTI1 pasosoro pe>KHMa. TaKHM o6pasoM, 
KaMepa pacTaopeHHR 6onbworo o6beMa MomeT o6ecne411Tb Ha onpe.qe
neHHoe speMR CTa6HilbHYIO TeMnepaTypy 6onee HH3Kyl0, 4eM nony4ae
MYIO s pemHMe LIHPKYilRI.\11111 3 He. 

h 
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~ ~ ~ 
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" ~ f::: k\ r-- 1--

q·Q50. 

~\ 
~ 0 
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~ ---~ '-.. 1-- <'!-a20. 
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~ "-----r-- q:~~ -- .... __ --

~ 
1'-
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0/5 

04 

Q3 

0,2 

Q1 

__ ~---+-
0 0,1 o,2 o,3 04 o,s o,6 w aa Q9 1 X 

P111c. 4. 3aBHCHMOCTb TeMnepaTypbl a KaMepe pacTaopeHHR 
B pa30BOM pemHMe pa60Tbl OT BpeMeHH OTKa4KIII 3He. 
CnnoUJHbte JlHHHH pacc4HTaHbl no $opMyne /5/ Afi.A pa3IlH4-
HbiX BHeWHIIIX TenJlOBbiX Harpy30K, COCTaBJlRIOUIIIIX H,eKOTOpyiO 
4aCTb OT CTapTOBO.::i XOilO.qOnpOH3BO.QIII·TeJlbHOCTJ.1 Qo 
a npeAnonomeHI-11-1 N 0 ={). KpoMe aepxHei1, Afi.R KOTopo.::i 
npf.1H.RTo N0 =0,1. nyH!<Tl-1pHa.A Kplllaa.A pacc4f.1TaHa no $opMy-· 
ne !6! Afi.A cny4aR q = 0 111 N0'= 0. 

B peaynbTaTe npoae.qeHHoro dHanHaa cTaHoBHTC . .A ,.fiCHo,, ._.4To 
MIIIHHMaiibHa.A TeMnepaTypa KaMepw pac~aope~H.R, AOCTynHa.R a paso~ 
BOM pemHMe pa6oTbl, onpe.qen.AeTc.R npem.qe scero aenH4HHOH BHeWHe
ro TennonpHTOKa Ill noSTOMY MallO OT.Jll.14aeTC.R OT .MI1HI!IMaJl,bHOq TeM-
nepaTypbl KaMepbl B pemi!IMe H~npepbiBHOH 1.\IIIP.KYil.Rlllill!l i3 He,. ' 
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3KcnnyaTai.II!I.R KOM6l!IHI!IPOBaHHOrO pe$pi!I>KepaTopa paCTBOpeHIII~ 
Bbi.RBIIIJla OAHY era noneSHYIO oco6eHHOCTb, a 11MeHHO: KOJlbl.leBO.::i 
aaaop a.qonb Tennoao.::i npo6KIII a npe.qenax, no Kpai1Hei1 Mepe, .qo 
0,03 MM, He anvt.ReT Ha pa6oTy pe¢pvtmepaTopa. 

B aaKJ1104eHJ.1e aBTOP C4111TaeT cao1-1M .qonroM Bblpa311Tb 6naro.qap
HOCTb 5.C.HeraHoBy sa nonesHyiO Al-1CKyCCI110, M.¢11Hrepy aa noCTORH
Hbl.::i HHTepec K pa6oTe, ~. L\ynaKy 11 11.3. KpaXTVIHOBY sa nOMOUib 
B 11SrOTOBJleHI111 TenJl006MeHHI1KOB J.1 npoBeAeHI1J.1 11SMepeHHH, a TaKme 
COTPYAHHKaM, COAeHCTBOBaBUH1M BblnOJlHeHVIIO :;no.::i pa60Tbl. 

JU1TEPATYPA 

1. HeraHoa 5.C. OH~H, P13-4014, L\y6Ha, 1968. 

2. Wheatley J.C., Rapp R.E., Johnson R.T. J.Low Temp.Phys., 
1971, 4, p.1. 

3. Wheatley J.C., Vilches O.E., Abel W.R. Physics, 1968,4,p.1. 
4. Radebaugh R. et al. Proc. ICEC 5 Kyoto, 1974, p.235. 
5 • N i i n i ko s k i T. 0 • N u c l. I n s t r • & Me t h • , 1 9 7 1 , 9 7 , p • 9 5 • 
6. Frossati G. Journ. de Phys., Col loque C-6, Suppl. 

au No.8, Tome 39, Aout 1978, C6-1578. 
7. Pavlov V.N. et al. Cryogenics, 1978, 2, p.115. 
8. Ehnholm G.J., Saini J.K. Proc. LT14 Otaniemi, 1975,4, p.21. 
9. Hall H.E., Ford P.J., Thomp~on K. Cryogenics, 1966, 6,p.80. 

10. Ehnholm G.J., Gylling R.G. Cryogenics, 1971, 11, p.39. 
11. Vilches O.E., Wheatley J.C. Phys.Lett., 1967, 24A, p.440. 
12. Radebaugh R. NBS Technical Note, 1967, 362. 
13. Edwards D.O. Proc. 1970 Ultralow Temp.Symp. U.S.Naval 

Research Laboratory Rep. No. 7133, Washington, D.C., 
1970, p.27. 

PyKon~cb nocTyn~na B 1-13AaTenbCKJ.1~ OTAen 
8 ~~n.R 1980 roAa. 

9 



TEMA TWIECKJ1E KATErOPHM OYBnMKAUMH 

OBnE~HEHHOrO MHCTHTYTA 
MCCJIE~OBAHHA 

11u,neKc TeMaTKKa 

HfttEPHbiX 

1. 3Kcnep~MeHTanbHaH $~3~Ka B~COK~X 3HeprHA 

2. TeopeH14ecKaH $H3HKa BbiCOKHX 3Hepr~;~A 

3. 3KCnepHMeH.TaflbHal'l Hei1TpOHHafl ¢H3~Ka 

4. TeopeT~t~4ecKaH $HS~t~Ka H~3KHX 3Hepr~t~A 

S. MaTeMaT~t~Ka 

6. ~,qepHafl cneKTpOCKOnHl'l Ill pa,qltiOXHMHl'l 

1. <l>H3111Ka TJ'Imen~X ~OHOB 

8. Kp~t~oreH~Ka 

9. YcKop~t~Ten~ 

10. AeToMaTH3a~Hl'l o6pa6oTKH 3Kcnep~t~MeHTanbH~X 

,qaHHbiX 

11. Bbi4HCnJtiTenbHal'l MaTeMaTJtiKa H TeXHHKa 

12. X~t~MHfl 

13. TexHJtiKa $Jti3H4ecKoro 3KcnepHMeHTa 

14. Hccn~,qosaHJtlfl TBep,qbiX Ten Jtl >KH,qKocTee1 
l'l,(lepHbiM~ MeTo,qaMJtl 

15. 3KcnepJtiMeHTanbHal'l $H3Jt1Ka fl,qepHbiX peaK~HC1 
npH HH3KHX 3Hepr~t~l'IX 

16. Aos~MeTp~fl ~ <!>HS~Ka sam~t~T~ 

17. TeopHl'l KOH,qeHCHpOBaHHOrO COCTOl'IHHl'l 

18. HcnonbsoeaHHe pesynbTaToB H MeTo,qoe 
<J>yH,qaMeHTanbHbiX ¢Jti3H4eCKJtiX HCCne,qoBaHHM 
B CMemHbiX o6naCTl'IX HayKH Ill TeXHHKH 

! 
I 

(tl· 
1 
I 

:1 

I 
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HeT JIM rrpo6eJIOB B Bamew 6w6JiworreKe? 
Bw MOJtwre noJiy4M rb no no4re nepe4HCJieHIIbte HHlKe KlllJrll, 
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