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Pa3pa6oraH MerOA pac'Iera AHHaMHKH reMIIeparypHblX H KOHL\eHrpaL\HOHHbIX nOJIefi B CJIoe 

JlHTepMeraJIJIJlAa, 3anOJIHJlIOIL\erO pa60'lHit 061>eM aKKYMYJIJlTOpa BOAopOAa, npOAOJIlKHTeJIbHOCTH 

CTaAHH 3apJlAKH JI pa3pJlAKY aKKYMYJIJlTOpa BOAOpOAOM. MeTOA MOlKeT 6bITb 3.pIPeKTHBHO HCnOJIb-

30BaH KaK AJIJI onpeAeJIeHHJI nepeHOCHblX CBoficTB CJIOJl HHrepMeraJIJIHAa Ha OCHOBe peweHHJI 

06paTHbiX 3aAaq renno- H MaCC006MeHa, TaK H npH pa3pa6oTKe OnTHMaJIbHoit KOHCTPYKL\HH 

annapaTa KOHKpeTHoro Ha3HaQeHJlJI. 

3KOHOMiflieCKaH 11 ChlpheBaH np06JIeMhl, CTOHlll,He nepe,Il, 3HepreTHI(oH, XI1MH­

lJeCKoM. MeTaJlJlyprl1lJeCKOH npOMhIlllJleHHOCThlO H T. ,II,., OTKphIBalOT nepCneKTHBY 

,Il,JIH Wl1pOKoro npHMeHeHHH BO,Il,opO,Il,a B Ka'IeCTBe 3HeprOHOCHTeJlH, XOMnOHeHTa 

,Il,JIH C11HTe3a BO,Il,OpO,Il,CO,Il,ep)Kalll,HX Belll,eCTB, C03,I1,aHHH 3alll,HTHhIX aTMoc<!>ep npH 

TepMl1lJeCKOH 06pa60TKe MeTaJlJla. ITPH 3TOM B03HHKaeT 3a,Il,a'Ia C03,I1,aHHH KOM­

naKTHhlX YCTPOHCTB ,Il,JlH HaKOnJleHHH BO,Il,0p0,Il,a (06paTHMhIX aKXYMyJIHTOPOB 

Bo)],opo)],a). 

Pa3pa6aThIBaeMhIH B HaCTOHlll,ee BpeMH MeTO,Il, CBH3aHHoro xpaHeHHH BO,Il,OpO,Il,a 

Ha IIHTepMeTaJlJlH,II,aX BhlrO)J,HO OTJlH'IaeTCH OT KOMnpl1MHpOBaHHOrO H KpHOreH­

HOrO TeM, 'ITO n03BOJIHeT npH UOpMaJlhHhIX YCJlOBHHX (TeMnepaTypa OKPY)KalOlll,eH 

Cpe,Il,bl • .cr:aBJleHHe - e,Il,HHH~hI aTMoc<!>ep) CXOH~eHTpHpOBaTl> BO,Il,OPO,Il, ,Il,0 nJlOT­

HOCTeM, npeBOCXO,Il,Hlll,I1X nJlOTHOCTh )KH,II,KorO BO,Il,Op0,Il,a1• 06paTHMhIH aKKYMyJIHTOP 

BO)J,opO)J,a npe,Il,CTaBJlHeT C060H eMKOCTh, cO)J,ep)Kalll,YlO CJlOH HHTepMeTaJlJlH,II,a 

C pa3MepOM 'IaCTH~ 2 -10 MKM, cHa6)KeHHYlO TenJlo06MeHHhIM YCTPOHCTBOM 

,Il,JIH nO)J,BO,Il,a H OTBO,Il,a TenJla, He06xo,Il,HMOrO ,Il,JlH opraHH3a:u.HH 06paTHMhlx TenJlO­

COp6U.HOHHhIX U.I1KJIOB. 

ra3006pa3HhIH BO,Il,OPO,Il" nocTynalOlll,HH B pa60'IHH 061.eM aKKYMyJIHTOpa, 

)J,eccou.HHpyeT ua nOBepxHOCTH '1aCTH~ H npoHHKaeT BHYTPh HX XpHCTaJlJlH'IeCKOH 

peweTKH HHTepMeTaJIJlH,II,a, HaChIlll,aH ero rH)J,pH,II,Hhle <!>a3hI. MOJIexYJla O,Il,Horo 

H3 HaH60JIee H3BeCTHhlX HHTepMeTaJlJlH)J,oB LaNis npH nO'ITH nOJIHOM HaChIlll,eHHH 

cop6HpyeT npHMepHO 6 aTOMOB BO,Il,opO,Il,a (LaNisH6)' 'ITO COOTBeTcTByeT MaCCOBOH 

,Il,OJIe CBH3aHHoro BO,Il,OpO,Il,a 0,014. 
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1882 CTaHeK, BbIXO.D:HJJ, <l>aTeeB, TapaceBH'I : 

PaBHOBeCHble CBOHCTBa CHCTeMbl HHTepMeTaJIJIHA-BOAOPOA (pHC. 1), xapaKTepH-

3YIOTCjI nOTepeH TepMOAHHaMH'IeCKOH CTeneHH CBo6oAbI BCJIeACTBHe cocymecTBo­

BaHHjI AByX rHApHAHbIX <jla3, 'ITO n03BOJIjleT AJIjI ee OnHCaHHjI HCnOJlb30BaTb COOTHO­

rneHHe BHAa BaH-Aep-BaaJlbca, KOTOpOe CBjl3blBaeT AaBJIeHHe, TeMneparypy H KOJIH­

':leCTBO aTOMOB BOAopOAa B MOJIeKYJIe MeTaJIJlOrHAPHAa2 LaNisHx 

p = 4,086. 1010 exp (_ 3615) _ G(e) 
T G(0,33) 

rAe 

G(e) = -- exp .-- - -- e H e = x/7,662 e (e 2557) 
1-e 1-e T 

(1) 

OCHOBHOH 3aAa':leH TenJIO- H Maccoo6MeHa B TeXHHKe CBjl3aHHOro xpaHeHHjI BOAO­

pOAa jlBMeTCjI pac 'leT npOAOJI)l(HTeJIbHOCTH CTaAHH TepMocop61J,HOHHOro lI,HI<JIa, 

nepHOAoB 3ap~H H pa3p~H aKKYMYMTopa BOAopoAa B 3aBHCHMOCTH OT YCJIOBHH 

peaJIH3all,HH npolJ,ecca (TenJIOBOH pe)l(HM H reOMeTpHjI TenJIoo6MeHHoro YCTpOHCTBa, 

AaBJIeHHe BOAopOAa). 

B HaCTo~eH pa60Te :na 3aAa'la perneHa MeTOAOM '1HCJIeHHOrO HHTerpHpOBaHHjI 

ypaBHeHHH TenJIO- H Maccoo6MeHa B CJIoe HHTepMeTaJIJIHAa. 

MATEMATHQECKASI MO.l1.EJIh 

TenJIOBOH nOTOK B CJIoe HHTepMeTaJIJIHAa npH a6cop611,HH HJIH Aecop611,HH BOAO­

pOAa BbIpa)l(aeTCjI ypaBHeHHeM 

q = (QeD/2M) grad x - A. grad T (2) 

TIOJIHbIH AH<jl<jlepeHlJ,HaJI 3HTaJIbnHH MO)l(HO npeAcTaBHTb B CJIeAYIOllI,eM BHAe 

dh = edT - (Q/2M) dx (3) 

ECJIH o6a npeAbIAYllI,He COOTHOrneHHjI nOACTaBHTb B ypaBHeHHe 3HeprHH 

e(dh/dt) = -div q (4) 

nOCJIe npeo6pa30BaHHH nOJIyqHM CJIeAYlOllI,ee ypaBHeHHe 

c - - - Ivgra T = - - - D Ivgra x aT A d· d Q (ex d· d) 
ot {! 2M at (5) 
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PaC'feT ,LIHHaMHlI.H TeIIJIOBOjt p;eCOp6U:HH BO,LIOpO,LIa H3 CJIOJ[ HHTepMeTaJIJIH,LIa 1883 

J1oKaJII.Ha51 TeMnepaTypa TH aTOMapHOe MaCCOCO,n:ep)KaHHe BO,n:OpO,n:a B rH,n:pH,n:HhIX 

<pa3aX npH nOCT051HHOM ,n:aBJIeHHH, CB5l3aHI.I paBHOBCCHI.IM COOTHOIlleHHeM 

x = F(T). (6) 

TenJIOCMKOCTI. HHTepMeTaJIJIH,n:a B 06meM cJIY'Iae 3aBHCHT OT KOJIH'IeCTBa a6cop-

6HpOBaHHOrO BO,n:OpO,n:a. B HaCT051meii pa60Te MI.I I;CXO,n:HM H3 npe,n:nOJIO)KeHH51, 

'ITO TCnJIOeMKOCTh CB5l3aHHOrO BO,n:OpO,n:a COCTaBJI51eT (2,5 - 3,0) R. Tor,n:a 

C = Co + 33,2x (7) 

r,n:c Co 5lBJI51eTC5l TenJIOeMKOCTI.lO CnJIaBa, He co,n:ep)Kamero BO,n:OpO,n:. 

C IJ,eJII.lO 'IHCJIeHHOrO aHaJIH3a nepeHoca B CJIoe HHTepMeTaJIJIH,n:a H B03MO)KHOii 

onTHMH3alJ,HH napaMeTpOB npOlJ,ecca <POPMYJIHPOBKY 3a,n:a'IH y.n06HO nepeBeCTH 

B 6e3pa3MepHYlO <P0PMY. IIOCJIe,n:YlOmHMH ypaBHeHH5lMH onpe,n:eJI51lOTC51 6e3pa3-

McpHI.le BhIpa)KeHH5l ,n:JI51 BpeMeHH, TeMnepaTyphI H 6e3pa3MepHoro ,n:H<p<pepeHIJ,HaJIh­

HOro onepaTopa BToporo nop51)J,Ka: 

(8) 

T* = T2MColQ (9) 

divgrad* = divgrad R2 (10) 

YpaBHCHHe 3HeprHH (5) npH06peTaeT npH 3TOM cne,n:YlOillYlO 6e3pa3MepHYlO 

<P°PMY 

C aT* d· d* T* ex L d· d* - -- - Ivgra = - - e Ivgra x 
Co ao (}o 

(11) 

r,n:e Le 5lBAAeTC51 'l:HCJIOM J1I.lOHca H onpe,n:eneHo COOTHOIlleHHeM 

Le = Dla = Decol). (12) 

B H306apHhlx YCJIOBH51X H3MeHeHHe COCTaBa rH,n:pH,n:a BO BpeMeHH MO)KHO CB5l3aTh 

c H3MeHeHHeM TeMnepaTyphI CJIe,n:YlOmHM 06pa30M 

ax = (ax) ~_ aT* = _Q _ F'(T) aT* = F*'(T*) aT* (13) 
ao aT 2Mco ao 2Mco ao ao 

IIpH 3TOM CHMBOJIhI F'(T) H F*'(T*) 0603Ha'l:alOT npoH3Bo,n:HI.le OT <PYHKIJ,HH (6). 
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1884 CTaHex, BbIXO.l\HJI, «l>aTees, TapacesH'i: 

COOTBeTCTBeHHO HMeeT MeCTO npe06pa30BaHHe 

divgrad* x = F*'(T*) divgrad* T* (14) 

YpaBHeHHe 3HeprHH (11) C Y'IeTOM (13) H (14) npHMeT OKOH'laTeJlbHblH BH,n: 

(clco - F*'(T*» (aT*lar) = (1 - F*'(T*) Le) divgrad* T* (15) 

HeJlHHeHHOCTb nOJlyqeHHoro AHcl>cl>epeHl.l,HaJlbHOrO ypaBHeHHB (15) 06YCJlOBJIeHa 

KOHn;eHTpan;HOHHOH 3aBHCHMOCTblO TenJlOeMKOCTH H CJlOX<HOH TeMllepaTypHoH 

3aBHCHMOCTblO paBHOBeCHoro COCTaBa MeTaJlJlOrH,n:pH,ZJ;a • 

.D:JlSl nOCTaHOBKH 3a,n:allH B 3aMKHyToH cl>0pMe He06xoAHHMO Ccl>OPMyJlHpOBaTb 

HallaJlbHble H rpaHH'{HbIe YCJlOBHB, KOHKpeTHblH BH,n: KOTOPbIX 6bIJl Bbl6paH B COOT­

BeTCTBHH C YCJlOBHBMH OllbITOB, npoBo,n:HMblX B HHCTHTYTe AH liCCP no H3yqeHHIO 

TenJlO- H Macco06MeHa B CJloe HHTepMeTaJlJlH,n:a npH cl>a30Bblx nepexo,n:ax Bo,n:opo,n:a. 

H 306apHafl oeCOp6l{Ufl 6 I{UAUHOpU'IeCKUX KoopOUHamax 

.D:JIB cnyqaB n;HJlHH,n:pHlleCKOrO peaKTopa ypaBHeHHe (15) npHHHMaeT CJle,n:ylOll.\YIO 

cl>opMy 

(Clco - F*'(T*» aT* = (1 _ F*'(T*) Le) a2T* + .-!.. aT* (16) 
ar* ar*2 r* ar* 

r,n:e r* onpe,n:eJleHO xax 

r* = rlr2 (17) 

H 0603Ha'iaeT 6e3pa3MepHYlO Koop,n:HHaTY no paAHYcy. ITOCXOJlbXY B peaJlbHOH 

Mo,n:eJlH annapaTa npOTBX<eHHOCTb CJlOR B HanpaBJIeHHH OCH npeBocxo,n:HT WHPHHY 

paAHaJlbHOrO 3a30pa 60Jlee '1eM B 30 pa3, ypaBHeHHe (16) jfBJIBeTCR ,n:BYMepHbIM 

(xoOPAHHaTa nJIlOc BpeMR). .D:JlR C06JllO,n:eHHB ABYMepHoH nOCTaHOBKH 3a,n:allH 

rpaHHllHble YCJlOBHB COXpaHHJlH oceBYIO cMMMeTpHlO, no peaJlH3yeTcR B YCJlOBIDlX 

BbInOJlHeHHOro 3XCnepHMeHTa. 

PeweHHe 6y,n:eM HcxaTb B HHTepBaJle Mex<,n:y pa,n:HycaMH rl H r2 npHlleM Ha BHew­

HeM pa,n:HYce r2 TeMnepaTypa nOMepX<HBaeTCR nOCTORHHOH H paBHOH T2, COOT BeT­

CTBylOll.\ee rpaHH'IHOe YCJlOBHe B 6e3pa3MepHOH cl>0pMe HMeeT BH,n: 

T* = T22MColQ ,n:JlB r* = 1 (18) 

Ha BHYTpeHHeM pa,n:Hyce r 1 rpaHHllHOe YCJlOBHe 3a,n:aeTCR MOll.\HOCTblO W no,n:Bo,n:H­

MOH x e,n:HHHn;e nOBepXHOCTH HarpeBaTeJlB H Bblpax<aeTCR B CJle,n:YIOll.\eH cpopMe 
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PaC'ICT ,lJ,HHaMIIKIl TCIIJIOBOH ,lJ,eCOp6l\HII BO,lJ,OpO,lJ,a 111 CJIO» HIITCpMCTaJIJIH,lJ,a 1885 

QeD ox oT 
-- -- - - = W ,ll)UI r = r l 
2M or or 

(19) 

C Y'leTOM paBHoBecHoro COOTHOIlleHHH (6) H BhIpaiKeHHH (J 3), rpaHH'lHOe ycnoBHe 

(19) npHHHMaeT cne.n:ylOIll,YIO 6e3pa3MepHYlO IPOPMY 

_ oT* (1 _ F*'(T*) Le = W2Mr2co = W* 
or* QA 

.n:nH (20) 

IIpe.n:nonaraeTcH, 'ITO B Ha'Iane npo~ecca BeCh CnOM HHTepMeTannH.n:a HMeeT nOCTO­

HHHylO TeMnepaTYPY Tn, TaK 'ITO HaqanhHOe ycnoBHe B 6e3pa3MepHOH IPOpMe 

JfMe_ T cnye.n:YIOll.\JfM BH.n: 

T* = Tn (2McojQ) .n:n}l ri ~ r* ~ r~ H T = 0 (21) 

l{uC/leHHbIU Memod pelUeHUR 

YpaBHeHHe (J 6) .n:nH 3a.n:aHHhIX ycnOBJfM pellianOCh qHCneHHhIM MeTo.n:OM. ,lJ,HIP­

IPepeH~HanhHoe ypaBHeHHe (16) 6hIJIO annpOKCHMHpOBaHHO cne.n:YIOIll,HM KOHe'lHO­

-pa3HOCTHhIM COOTHOIlleHHeM, r.n:e .n:nH ynpoIlleHH}I 3anHCH y 6e3pa3MepHhiX BeJIH'IHH 

(T, r, r l , F') nponyIll,eHhI 3Be3.n:0'IKH: 

«c(Ti,j+l)jCO - F'(Ti,j+ 1»)[(Ti,i+I - Ti,j)/M] = (\ - F'(Ti,j+d Le) . 

. (Ti+l,j+l - 2~,j+l + Ti _1,j+l)!M2 + [lj(rl + (i - I)M)] . 

. [(Ti+1,j+l - Ti_l,j+l)jM] (22) 

BenH'IHHhI AT H Ar 0603Ha'Ia1OT IllarH no BpeMeHH H pa.n:Hycy. rpaHH'lHOe ycnoBHe 

Ha BHYTpeHHeM pa.n:Hyce (r = r 1 H j = 1) HMeeT BH.n: 

(23) 

3anHcaHHhIe KOHe'lHopa3HocTHhIe COOTHOIlleHHH cooTBeTcTBYlOT HeHBHoH cxeMe, 

.n:JIH KOTOPOH CHCTeMa anre6paH'IeCKHX ypaBHeHHM C HeH3BeCTHhIMH TeMnepaTypaMH 

Ti ,j + l' r.n:e i = 1, , .. , I npe.n:cTaBn}leTCH TpH.n:HaroHanhHoH MaTp~eH3. Bcne.n:cTBHH 

HeJIIiHeMHOCTH 3a.n:a'IH :meMeHThl :nOM MaTpH~hl 3aBHCHT OT TeMnepaTyphT, 'ITO 

Y'lHThIBaeTCH HTepa~H}lMH B npe.n:enax KaiK.n:oro BpeMeHHoro Illara HHTerpHpo­

BaHHH. 

CHCTeMa pellianaCh MeTo.n:OM npOrOHKJf, npH'IeM TeMnepaTypHaH 3aBHCHMOCTh 

K03IPIPH~HeHTOB o~eHHBanaCh CHa'laJIa no TfMnepaTypaM npe.n:hI.n:YIll,erO BpeMeH-
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1886 CTaHeK, BbIXO,!lHJI, <I>aTeeB, TapaCeBH'{: 

Horo CJIOH, a 3aTCM no TeMrrepaTypaM HBHoro CJIOH, YTO'IHHeMbIM B HTepalJ,HHX. 

CXCMa HBJIHeTCH YCTOHtHIBOH npH )J,OCTaTO'IHO 60JIblllHX lllarax no BpeMeHH, 'ITO 

)J,CJIaeT ce 60JIee 6bICTPOH B cpaBHeHHH C HBHOH CX(MOH, HeCMOTpH Ha YBeJIH'I,HHe 

'IHCJIa paC'IeTHbIX OnepalJ,HH. ,n:aHHblc no paBHoBecHbIM CBoHcTBaM HHTCpMeTaJIJIH)J,a 

BBO,nHJIHCb B nporpaMMY MaTpHlJ,eH 3KcrrepHMeHTaJIbHO H3MepeHHblx BCJIH'IHH. 

PaC'IeT <PYHKlJ,HH F'(T) OCYlll,eCTBJIHJICH MCTO,nOM 'lHCJIeHHOrO ,nH<p<pepeHlJ,HpoBaHHH 

no pC3YJIbTaTaM TpCXTO'Ie'IHOH HHTepnOJIHlJ,HH Ta6JIH'lHbIX 3Ha'leHHH nOJIHHOMaMH 

JIarpamKa. 

l1oBepO'IHble paC'ICTbI OCYlll,eCTBJIHJIHCb ,nJIH KOHKpeTHoH KOHCTPyKlJ,HH JIa60paTop­

HOH Mo,neJIH annapaTa. l1apaMcTpbI npOlJ,CCca COOTBeTCTBOBaJIH YCJIOBH5IM HcnbI­

TaHHH. 

3KcnEPMMEHTAJIhHOE 060PY,lJ.OBAHME 

l1ccJIc)J,oBaHHe H306apHoH a6cop6lJ,HH H ,necOp6lJ,I1H Bo,nopo)J,a B HHTCPMCTaJIJIH)J,e 

LaNis npoBo,nHJIHCb B CTaJIbHOM cocy)J,e BblCOKoro )J,aBJIeHHH, cxeMa KopoToro 

H306pa)l(CHa Ha pHC. 2. LaNis B nopolllKoo6pa3HoH <popMe 6bIJI nOMelll,eH B MC)l(lJ,I1-

JII1,nPH'ICCKHH 3a30p, OrpaHH'leHHbIH pa,nHycaMH r 1 < r < r2. B CPC,nHCH 'laCTI1 

p 

Mna 

l 

I 

a .3 8 I x 
PHc.1 

PaaHOBeCHble 3aBHCHMOCTH COCTaBa rH,!IpH,!Ia 

OT TeMIJepaTypbIHAaBJIeHHR; T, DC, Kp. 120°, 
240°, 360°,480°,5100°,6120° 

PRc.2 

CxeMa JIa60paTopHoil: YCTaHOBKR 
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PaCyeT ~IIHaMIIKII TenJlOBOH ~ecop6l\IUI BO~OpO)la II] CJlOH HHTepMeTaJlJlHl~a 1887 

cocY)la HaXO)lHJIC~ 3JIeI<TpH'leCKHll HarpeBaTeJIh, BHelllH~~ CTeHKa KOTOpOrO OrpaHH­

'leHa pa)lHycoM r l' ,nJI~ yMeHhllleHH~ TeIIJIOBhlX IIOTeph lI,HJIHH,llpH'leCKa~ CTeHKa 

Ha rpeBaTeml B BepXHell 'laCTH HMeJIa TepMH'leCKOe COIIpOTHBJIeHHe, a Ha ,llHe cocy,lla 

HaXO)lHJIC~ H30JI~lI,HOHHhlll CJIOll. AIIIIapaT IIOMeIUaJIC~ B TepMOCTaT. Ilepe,ll Ha'laJIOM 

3KCIIepHMeHTOB CIIJIaB aKTHBHpOBaJIC~, ,llJI~ 'lero B pa60'leM IIpOCTpaHCTBe aIIIIapaTa 

n~TWKpaTHO C03)laBaJIOCh W c6paChiBaJIOCh )laBJIeHHe BO,llOpO)la (IIpHMepHo 6 MIla). 

CBo6o)lHhlll o6beM pa6o'lero IIpOCTpaHCTBa H3Mep~JIC~ 3aIIOJIHeHHeM ero HHepTHhlM 

ra30M (reJIWeM). 

B Te'leHHe OIIhITa B TepMOCTaTe IIO)l,lleplKHBaJIaCh IIOCTO~HHa~ TeMIIepaTypa. 

113Mep~JIHCh TeMIIepaTyphl Tl - TeMIIepaTypa BHelllHell CTeHKH HarpeBaTem, 

T2 - TeMIIepaTypa BHelilHell CTeHKH cocY,lla, T3 - TeMIIepaTypa B BepxHell 'laCTH 

HarpeBaTeJI~ 3a TepMH'leCKHM COIIpOTHBJIeHHeM. MecTa paCIIOJIOlKeHH~ TepMonap 

YKa3aHhI Ha cxeMe anIIapaTa. Pacxo,ll BO,llOpO,lla npH ,lleCOp611,HH OIIpe)leJI~JIC~ 

C IIOMOIUhlO pa30Boro C'leT'lHKa. ,nellcTByIOIUa~ MOIUHOCTh HarpeBaTeJI~ C yqeToM 

oceBhIX nOTeph 'lepe3 TepMW'leCKOe COIIpOTliBJIeHWe Ii CJIOll H30JI~lI,HH paCC'lHThIBaJIaCh 

IIO CJIe)lYIOIUell tP0pMYJIe 

W = w. - A. T1 - T3 1t 0 016.000035 _ A.. Tl - T2 ~ 0,0222 (24) 
o oc 001 " IZ 0004 4 , , 

100.--------,---------r------~ 

·c 

60 

5 

4 

3 

2 

7 

x 

OL-..-----;;O:-!i·O:;;;12;-------L.---nO~014 ook1~1:==:::::::':S:.L----'-----od. 14 
0 m ~m 

PHc.3 

Pa)J,HaJIbHble TeMIIepaTypHble npo«ilHlIH B pa3-

JlH'IHbIX MOMeHTax BpeMeHH; t, c, Kp. 1 0, 
250,3100,4150,500 
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PHe.4 

IIpo«ilHJlH MaCCOCO)J,ep)KaHHH CBH3aHHoro BO­

)J,opo)J,a B HHTepMeTaJlJlH)J,e B pa3JlH'IHblX MO­

MeHTax BpeMeHH; t, C, Kp. 1 0, 2 50, 3 100, 
4150, 5 00 



1888 CTaHex, BhIXOAHJI, ll>aTeeB, TapaCeBH'1 : 

DPOBEPOlfHLIH PAClfET 

Pa3HOCTHoe ypaBHeHHe (22) peWaJIOCh onHcaHHhIM HTepalJ,HOHHhIM MeTo,u;OM 

Ha Bhl'{HCJIHTeJIhHOH MaWHHe EC-I033. CXO,u;HMOCT HTepalJ,HH Ha Ka)K,u;OM BpeMeH­

HOM CJIOe C'lHTaJIH 3aBepWeHHOH, KOr,u;a BeJIH'lHHhI B ,n:ByX nOCJIe,n:YlOUJ,HX HTepalJ,HXX 

OTJIU'IaJIHCh ,n:pyr OT ,n:pyra MeHhWe, 'IeM Ha 0,1%. Tpe6yeMax TO'IHOCTh C'IeTa 

,n:ocTHraJIaCh, Kor,n:a warH no BpeMeHH H Koop,n:HHaTe He npeBocxo,n:HJIH BeJIU'IUH, 

cooTBeTcTBYIOUJ,HX 10 ceKYH,n:aM H 0,15 MM. 

ITpoBepO'lHhIH paC'IeT COOTBeTCTBOBaJI CJIe,n:ylOUJ,HM nap~MeTpaM JIa60paTopHOH 

Mo,n:eJIH (pHC. 2) H YCJIOBHXM OnhITa rl = 0,011 M, r 2 = 0,014 M, Ha'laJIhHaX TeM­

rreparypa CJIOX Tn = T2 , MOJIeKYAApHax Macca 432 xr/KMOJIh, nJIOTHOCTh 4350 

Kr/M3, TenJIO «i>a30Boro nepexo,n:a Bo,n:opo,n:a 3. 107 ll.)K/XMOJIh, TenJIOeMKOCTh 

(CO) 365ll.)K/Kr.K, X03«i>«i>HlJ,HeHT TenJIonpOBo,n:HOCTH (A.) 0,876 BT/M.K. t.IHCJIO 

JIhlOHca 6hIJIO npHH$ITO paBHhIM 0,025. 

ITO,n:Bo,n:HMax MOUJ,HOCTh HarpeBaTeJIhHOrO YCTpOHCTBa COCTaBAAJIa 400 BT, 

B npOBepO'lHOM paC'leTe nOTepH TenJIa He yqHThIBaJIHCh (ypaBHeHHe (24», XOTX 

HX yqeT He npe,n:CTaBAAeT Tpy,n:HOCTeii. 

Ha pHcYHxe 3 npe,n:CTaBJIeHhI pe3YJIhTaThI paC'leTa pa,n:HaJIhHhIX TeMnepaTYPHhIX 

npo«i>HJIeH ,n:ml YKa3aHHhIx MOMeHTOB BpeMeHH. B 06JIaCTH perYAApHoro pe)KHMa 

TenJIoo6MeHa TeMnepaTypHhIe npo«i>HJIH nO'ITU JIHHeiiHhI BCJIe,n:CTBHe MaJIoii TOJI­

UJ,HHhI pa,n:HaJIbHOrO 3a30pa CJIOX HHTepMeTaJIJIH,n:a. 

CooTBeTcTBYlOUJ,He npOliUfJIH Maccoco,n:ep)KaHHX CBX3aHHoro Bo,n:opo,n:a B HHTep­

MeTaJIJIH,n:e npHBe,n:eHhI Ha pHC. 4 ,n:AA Tex )Ke MOMeHTOB BpeMeHH. KOHlJ,eHTpalJ,HoH­

HhIe KpHBble nOKa3hlBalOT Ha cYUJ,eCTBoBaHHe cpaBHHTeJIhHO y3ICHX 30H, BHYTPH 

KOTOPhIX npoHcxo,n:HT «i>a30BhIH nepexo,n: Bo,n:opo,n:a. ITepe,n: 30HOH HHTepMeTaJIJIH,n: 

HaCbIUJ,eH, 3a 30HOH BO,n:OpO,n: B CJIoe npaXTU'IeCKH OTCYTcTByeT. KOH<l>HrypalJ,Ux 

10r---~-----r----.----.----~ 
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Cpe~Hee Maccoco~eplKaHHe Bo~opo~a no Bpe­
MeHH 

--------- -----
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PaC'IeT I.\HHaMIUCH TeruIOBoi!: l.\eCOp6l.\HH BOI.\0p0l.\a H3 CJIO}! HHTepM~TaJIJIHl.\a 1889 

KPIlBOH 5, cooTBeTcTBYlOllI,aH YCTaHoBHBilleMycH COCTOHHHIO nOKa3bIBaeT, 'ITO npl{ 

,ll,aHHhIX YCJIOBHHX IIOJIHaH ,n:eCOp6II,HH Bo,n:opo,n:a He ,n:OCTHraeTCH BCJIe,n:CTBHe Toro, 

'ITO Ha BHeIIIHeH CTeHKe peaKTopa nOCTOHHHO coxpaHlIJOTClI YCJIOBHH ,n:JIlI npaKTH­

'leCKH IIOJIHOH HaCbIllI,eHHOCTH CJIOH. MaJIhIe 6HeHHlI KpHBbIX B OKpeCTHOCTH 30HbI 

cpa30Boro IIepexo,n:a BbI3BaHbI 60JIbIIIHM IllarOM Ta6JIHII,bI, 3a,n:alOllI,eH paBHOBeCHbIe 

cBoi:fcTBa CHCTeMbI HHTepMeTaJIJIH,n:-BO,n:OPO,n: no TeMnepaType (lOOe), 'ITO He ,n:aJIO 

B03MO)l{HOCTb OCYllI,eCTBHTb 'lHCJIeHHOe ,n:Hi}>i}>epeHII,HpOBaHHe C TO'lHOCTbJO,YCKJUOqalO­

llI,eH MaJIhIe JIOKaJIbHbIe aHOMaJIHH KOHII,eHTpaII,HOHHbIX npoi}>HJIeH. 3TOT He,n:OCTaTOK 

MO)l{eT BhITb YCTpaHeH BBe,n:eHHeM 60JIee ,n:eTaJIbHOH HHi}>0pMaII,HH 0 paBHOBeCBhIX 

CBOHCTBax CHCTeMbI, JIH60 C nOMOlll,bJO 60JIee y,n:a'lHOrO MeTo,n:a annpOKCHMaII,HH 

H3MepeHHbIX 3HaqeHHH. 

PMCYHOK 5 H306pa)l{aeT 3aBHCHMOCTb BO BpeMeHH cpe,n:Hero Maccoco,n:ep)l{aHHH 

Bo,n:opo,n:a B peaKTope, x., KOTopoe 6bIJIO pacc':IIITaHO CJIe,n:YlOllI,HM 06pa30M 

(25) 

XapaKTep 3TOH XPHBOH TaX)I{e BbIpa)l{aeT HenOJIHYIO ,n:ecOp6II,HIO Bo,n:opo,n:a H3 

aKKYMYJIUOpa npH yxa3aHHbIx YCJIOBHlIX H OIIpe,n:emreT ,n:HHaMHxy pa3pH,n:xH aKKy­

MYJIUOpa npH nepexo,n:e ero B YCTaHoBllBIIIeeclI COCTOHHlle. 

CHMBOJlbl 
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K03ifJqIHllHeHT TeMIIepaTyponpOBOI.\HOCTH 

TellJIOeMKOCTb HCXO!.\Horo HHTepMeTaJIJIH!.\a H HHTepMeTaJIJIH!.\a '1aCTH'IHO HJIH 

nOJIHOCTblO HaCblll\eHHOrO BOI.\0P0!.\OM (0) 
K03ifJifJlU.\HeHT !.\HifJifJY3HH 

3HTaJIbllHH 

HH!.\eKCbl '1HCJIeHHOrO peweHHH, OTHOCllll\HeCll K pa!.\HYcy (i) H BpeMeHH (j) 
'IHCJIO JIblOHca 

MOJIeKYJIHpHaH Macca HHTepMeTaJIJIH!.\a 

TenJIOBoi!: nOTOK 

TeMnepaTypa ifJa30Boro nepeHoca Bo!.\opo!.\a 

KOOpl.\HHaTbl pa!.\Hyca, BHYTpeHHHH H BHelllHHH pal.\Hyc peaKTopa 

pa3Mep 

BpeMH 

TeMIIepaTypa 

'IHCJlO aTOMOB Bo!.\opo!.\a Ha MOJIeKYJIe HHTepMeTaJlJIH!.\a 

K03ifJifJHI.\HeHT TenJIOnpoBo!.\HOCTH 

nJlOTHOCTb 

BpeMll 6e3pa3MepHoe 

0603Ha'iaeT cooTBeTcTBYIOll\YIO 6e3pa3MepHYIO BeJIH'iHHY 
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