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Hoeropo,qoe A.~., Kona4KOBCKH A. 
P6 - 12457 

Mo,qenHpoeaHHe npo4ecca TepMoxpoMaTorpa~H4ecKoro 
pas,qeneHHR 

Ha OCHOBe TeOpHH TeopeTH4eCKHX TapenoK H TeOpHH a6con~T
Hb1X CKOpOCTei1 nony4eHbl ypaeHeHHR, OnHCbiBa~U1He ABH>KeHHe 
YnbTpaMHKpOKOnH4eCTB BelJ1eCTBa, H HX pacnpe,qeneHHe B TepMo
XPOMaTorpa~H4eCKOi1 KOnOHKe C nOCTORHHbiM 0TPH4aTenbHbiM rpa
AHeHTOM TeMnepaTypbl. npoee,qeHbl pac4eTbl, MO,qenHpy~lJ1He npo4ecc 
TepMOXpOMaTorpa~K4eCKOrO pas,qeneHHR BelJ1eCTB npH HX npo6Ko
BOM HnH 3KCnOHeH4HanbHO-y6biBa~U1eM npO~Hne BBO,qa B KOnOHKy, 

Pa6oTa BblnOnHeHa B na6opaTOPHH R,qepHbiX npo6neM 011Hl1. 

OpenpHHT 06!.ellHHeHHOt'O HHCTHTyTa HllepHblX HCcneaoBaHHlt • .Qy6aa 1979 

Novgorodov A.F., Kolatchkowski A. P6 - 12457 

Model I ing of the Process of Thermochromatographic 
Separation 

On the basis of the plate theory and absolute rate 
theory the equations describing the transport of ultramicro
amounts of volatile chemical compounds and their discributi
on in the thermochromatographic column have been derived. 
The calculations model! ing a process of the thermochromato
graphic separation of substances under their plug and expo
nential-decrescent type of the input into the column have 
been carried out. Some recommendations for the gas-thermo
chromatographic separations are proposed. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 

Preprint of the Joint Institute for Nuclear Research. 
Dubna 1979 

BBB,l!BHHB 

ra30BaJI TepMOXpOMaTorpa(j!BJI jrTX/ BUB CTaQBOHapHaJI He

B30TepMB~ecKaJI ra3o-a~cop6uBoHHaJI xpoMaTorpa(j!BJI 6uaro~apJI 

CBOeB 3KCnpeCCHOCTB B OTHOCBTeULHOB npoCTOTe annapaTypHoro 

o(jlopMUeHBJI WBpOKO HCnOUL3yeTCJI B nocue~HBe ro~hl B pa~HO

XHMB~eCKOB npaKTHKe npH pa3~eUeHBB CUO)I(HhlX no COCTaBy CMeceii 

npo~yKTOB pa3UB~HhlX Jl~epHhlX peaKQBH / l-23 1 . MeTO~ OCHOBaH 

Ha B3MeHeHBB CBOHCTB a~cop6eHTa, Bhl3BaHHOM pa3UH~HeM TeMne

paTyphl no ~BHe KOUOHKB, B peaUB3yeTCJI nyTeM C03~aHBJI OTpH

QaTeULHOrO rpa~BeHTa TeMnepaTyphl B HanpaBUeHBB npHHY~HTeUL

HOrO ~BIVKeHHJI ra3a-HOCHTeUJI, ~TO npHBO~HT K 3aMe~UeHHlO 

TpaHCnOpTa BeiQeCTBa B KOUOHKe. 

YMeHLWeHHe CKOPOCTH nepeHOCa BeiQeCTBa npH ~BIVKeHHH ero 

no KOUOHKe, TeMnepaTypa KOTOpOH H3MeHJieTCJI no 3KCnOHeHQHaUL

HOMY HUH UHHeBHOMY 3aKOHY, TeopeTH'IeCK.B paCCMaTpHBaUOCL B 

pa6oTax )I(.MepHHH
13

•
24 1

• 6.A8xuepa:'
251 

B K.63xMaHHa
126 1

. lihlUH 

HaB~eHhl 3aBHCHMOCTH TeMnepaTyphl QeHTpa TJIJKeCTB a~cop6UHOH

HOB 30Hhl (Ta) OT 3HTaULnHH a~cop6QHH, CKOpOCTH ra3a-HOCHTeUJI, 

3anOUHeHHJI KOUOHKH, TeMnepaTyphl BBO~a npo6hl H BpeMeHH XpOMa

TOrpa(j!HpOBaHHJI . Pe3yULTaThl pac'leToB cpaBHHBaUHCL /s paMKax 

npHHJIThlX npe~nOUOJKeHBH/ C 3KCnepHMeHTaULHhlMH pe3yULTaTa

MH 
124

•26 - 2 8 1 . llpB 3TOM no~pa3yMeBaUOCL, 'ITO BBO~ npo6hl B 

TepMOXPOMaTorpa(j!B'IeCK}'IO KOUOHKY /TXK/ npOBCXO~HT MrHOBeHHO. 

He paCCMaTpBBaUOCL B pacnpe~eueHBe Be~QeCTBa no ~UBHe KOUOHKB . 

H3BeCTHa UBWL O~Ha pa6oTa H.3sap~29,1 B KOTOpOH npe~cTaBUeHO 
pacc'IBTaHHoe MeTo~oM MoHTe- Kapuo pacnpe~eueHBe se~QeCTBa 

B TXK, O~HaKo, K COJKaUeHBJO , 6e3 OUBCaHBJI OCHOBHhlX nouoJKeHBH 

paC'IeTa. TaKBM o6pa30M, ~0 CBX UOp OCTaeTCJI OTKphlThlM BOnpOC 

0 3aBBCBMOCTB pacnpe~eueHBJI TepMOXpOMaTorpa(j!BpyeMOrO 

se~QecTsa no KOUOHKe oT speMeHB xpoMaTorpa(j!BposaHHJI B npo(j!H

UJI sso~a npo6hl, TO ecTL sonpoc Ka'leCTBa pa3~eueHBJI . 
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ra30BaJI TepMOXpOMaTorpa¢JBJI MOlKeT paccMaTpBBaTLCJI KaK 
u u ... . / 30 ,311 

'laCTHLIB cny'laB XpOMaTepMOrpa..,BB - MeTO,Aa, KOTOpLii 6wn 

npe,AnolKeu A.A. JICyxoBBUKBM c coTp . eute B 1951 ro,Ay. B nocne

.AYJOIUBe ro,Aw 6wna pa3pa6oTaua TeopBll xpoMaTepMorpa¢1uu 13 1 -3~ 1 

,AOCTaTO'IHO XOpOWO OnBCLIBa~utaJI B TeMnepaTypy a,ACOp6UBOHHOH 

30HLI, B ee npo¢JBnL. fi03TOMY HaM Ka3anOCL BHTepeCHLIM, BCnon&-

3YJI pe3yn&TaTLI 3TBX pa6oT, 6onee no,Apo6uo, 'leM 8' 24 -26 ~ npe,A

cTaBBTL npouecc ra3oTepMoxpoMaTorpa¢JuqecKoro pa3,AeneuuJI B, 

B nepBYJO O'lepe,AL, peWBTL BOnpoc 0 BHBJIHBB npO,AOnlKBTenLHOCTB 

B cnoco6a BBO,Aa npo6w ua pacnpe,Aeneuue pa3,AenJieMLIX BeuteCTB 

no ,AHBHe KOHOHKB. fipe,ABapBTenLHO, Ha OCHOBaHBB TeOpBB Teope

TB'IeCKBX TapenOK B TeopBB a6CO~THLIX CKOpOCTeR, 6wn npOBe,AeH 

pacqeT .ABBlKeHBJI ueuTpa TJilKeCTB pacnpe,AeneHBJI BeuteCTBa B Ko

nouKe B cnyqae MrHoBeuuoro BBO.Aa npo6w. llpe,AnolKeuuwii no.AXO.A 

K onpe,AeneHB~ T a ,Aan B03MO)I(HOCTL OnBCaTL B ,Aan&HeiimeM 

B pacnpe,Aeneuue BeuteCTBa no MBHe TXK. 

1. PACqET l(EHTPA TJI)l(ECTH 

PACHPEJ(EJIEHJUI BEII(ECTBA B TXK 
,[(JIB MFHOBEHHOFO BBO,l(A HPOiiiJ 

llpe,AcTaBBM ue3anonueHHYJO npJIMY~ Tpy6'1aTy~ TXK ,Anuuoii 

L /eM/ B .ABaMeTpoM d /eM/, 'lepe3 KOTOPYJO npoxo,ABT ra3-uocu

Ten& c nocTOJIHHLIM pacxo,AOM V0 I eM 3 /e/, onpe,AeneuuwM npB 

cTau,AapTHLIX ycnoBBJIX /T0 =298,15 K B p =1 OIIM/. TeMnepaTypa 

KonouKu nuueuuo H3MeHJieTCJI oT cTapToBoA TeMnepa Typw T HI K/, 
TO eCTL TeMnepaTypw MeCTa BBO,Aa np061>1, ,AO TeMnepaTypLI KOHUa 

KOHOHKH T K ,/ K/. rpa,AHeHT _ TeMnepaTypw B TXK g I K/eM I no3-

TOMY paaeu: 

g = 
TK ·- T H 

L 
/1/ 

Ecnu npeue6pe'IJ. B3MeueuBeM ,AaaneuuJI ~P B,Aon& TXK, TO 

cpe,AHJIJI nuueuuaJI cKopocT& ra3a-uocuTen• u x I eM/ e/ B ~6oM 

aw6pauuoM ceqeuuu KonouKB c TeKYJUeii KOOP.ABHaToii x I eM/ 

4 

B TeMnepaTypoi cTeHKB KonouKH T I K/, KOTopall npauaMaeTcll 

paBHOR TeMnepaType ra3a-BOCBTenll, ,AaeTCJI COOTHOWeHHeM: 

T 4V0T 
ux = u o--;r = " d 2T 

0 0 

/2/ 

r.Ae u
0

- nuueiiuaJI cKopocT& ra3a-uocuTenJI, oTueceuuaJI K cTau

,AapTHLIM ycnoBBJIM, I eM/e/ 

T=TH +gX. 
/3/ 

BwcoTa, 3KBBBaneHTHaJI TeopeTB'IecKoii TapenKe /B3TT I, H 

I eM/ ,AnJI naMuuapuoro noToKa ra3a B OTKPLITOH npJIMOH Tpy6qa
/ 34-36 / 

TOR KOHOHKe ,l)aBHa : 

d 2u 2 D !'a3 + ___ !_ __ • 

H~--- 96D !'a3 
ux 

/4/ 

r,lle D
1
.a3 - K03¢l¢JBUBeHT .AB¢1¢JY3BB pa3,AenJleMOrO BeuteCTBa B ra-

3e-HOCBTene I eM 2 /e/. 
)J.nJI CMeCB ra30B JCpa:iiue HB3KOR KOHUeHTpaUBB O,AHOrO B3 HHX 

K03¢l¢JHUHeHTLI B3aHMHO:ii .AB¢1¢JY3HB paBHLI (D 1 ,2 :D 2, 1 ) , H K03¢J

¢IHUBeHT .AH¢l¢JY3BB pa3,1lenJleMoro BeuteCTBa paBeH, TaKHM o6pa30M, 

K03¢1¢JHUHeHTY caMO.IlB¢1¢JY3HH ra3a- HOCHTenll
137

: Cor nacHO Mone-
/ 38/ 

JCyngpuo-KHHeTH'IecKHM npe,AcTaaneHHJIM, D 1 .. 13 nponopuuoua-
3 / 2 ' . 

neu T , u Tor.u.a: 

3 / 2 
0 t·a'1 ~ DI~n (T/ To) 

/5/ 

r.Ae D~a3 - K03¢1¢lHUHeHT .AH¢1¢JY3HH B cTaH,AapTHLIX ycnoBHJIX. B 

3TOM Bwpa)l(eHHH, KaK u B /2/, npeue6peraeTCJI nepena,AoM .u.aane

HHJI B KonouKe . KpoMe Toro ,6onee cTporaJI TeMnepaTypuaJI 3aau

cuMOCTJ. D !'a
3 

onpe.u.enJleTCJI BH.IlOM ra3a /noKa3aTen& cTeneuu 

H3MeHJleTCll OT 1,5 ,AO 2,0138 : C yqeTOM /2/ H /5/ BLipa)l(eHHe 

I 4/ npuo6peTaeT BH.A: 

H =~~ 
../"T 

/6/ 
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r.ne 

2V _,
o v To 

v0 vT0 
b = -------

24 TT 0 ° 
r a3 

Onpe,neJJJIJI B3TT .ztJJ.II TXK KaK 

H 2 dx l dN, 

r,ne N - 'IHCJJO TeopeTH'IeCKHX TapeJJOK, H DO,ztCTaBJJJIJI 

dx=dTI g, 

HMeeM 

dN I dT :1 I H g , 

OTKy,na 

N 
_ 1 Ta 
--g- J 

TH 

_J__'];_ dT. 
aT +b 

/7/ 

/9/ 

/10/ 

BpeMJI y,nepJKHBaHHJI t r B TepMoxpoMaTorpaclluu paBHO BpeMe

HH nepeuoca BemecTBa OT MecTa BBo,na npo6w npu x =0 IT =T H I 
.ItO MeCTa ero a,ncop6QHH Ha KOJJOHKe, TO ecn • .ItO QeHTpa T.IIJKeCTH 

a.ncop6Quouuoii 30HLI (T = T a ): Ouo MOJKeT 6wn. npe,ncTaBneuo 
.ztBYM.II COCTaBJJ.IIJOmHMH: 

t; - BpeMeHeM uaxoJK,zteHH.II BemecTBa B ra3oBoii: 4la3e 

H t ;' - BpeMeHeM HaXOJK,zteHHJI ero B a,ncop6HpOBaHHOM COCTOJI-
HHH. 

llpe,nnonara.11, 'ITO .necop6upoBaHHaJI 'laCTHQa nepeuocuTcJI Bra-
30Boii 4la3e CO CKOpOCThJO ra3a-HOCHTeJJJI, HMeeM: 

t'r-
X 

J u"idx. 
0 /11/ 

C y'leToM /2/, a TaKJKe Toro, 'ITO dx = dT I g , u JaMeuoii npe,ne-
JJOB HHTerpupoBaHHJI, DOJJy'laeM: 

Ta 2T 
t' = To _ f T-1dT= ~~(L_ ln(Ta I TH ). 

r UO g TH 4 V Og /12/ 

6 

BTopa.ll COCTaBJJ.IIJOmaJI (t ;') MOJKeT 6WTh Haii,neua, eCJJH npHH.IITh, 

'ITO 'IHCJJO 3cllclleKTHBHLIX, TO eCTh npHBO.ztJimHX K a,ncop6QHH, COy,na

peHHB 'laCTHQ co cTeuxoii: TXK pasuo 'IHCJJY TeopeTu'lecxux Tapenox 

B xonouxe OT T H .no Ta.3To 03Ha'laeT, 'ITOK03cllclluQBeHTnpununauuJI 

paseu 1. Taxoe npe,nnonoJKeuue .IIBJJJieTC.II o6ocuosauuwM ,ztJJ.II 

nosepxuocTeii:, ue Janonueuuwx a,ncop6upoBaHHLIMH qacTHQaMu 

j(),. 0/, T.e. ,ztJJJI O'leHJ. MaJJLIX KOJJH'IeCTB a,ncop6aTa, HanpHMep, 

B 3KCDepBMeHTaX C COe,ztHHeHH.IIMB 6e3HOCHTeJJLHLIX pa,ztHOaKTHBHLIX 

3JJeMeHTOB. Cosna.neuue pacc'IHTauuwx u B3Mepeuuwx qucen Teope

TB'IeCKHX TapeJJOK B ra30BOH XpOMaTorpaci»HH YJJhTpaMaJJLIX KOJJH

'IeCTB HeopraHH'IeCKHX XJJOpH.ztOB npH BLICOKHX TeMDepaTypax1391 

D03BOJJ.IIeT C'IHTaTh, 'ITO K03cllcllHQHeHT npHJJHDaHHJI 6JJH30K K 1. 
Cpe,nuee BpeMJI :lKB3HH 'laCTHQLI B a,ncop6HpOBaHHOM COCTOJIHHH 

T I c/ CBJI3auo c TeMnepaTypoii: ypaBueuueM cl»peuxen.11 140 1
: 

T= To exp(-~HaiRT) /13/ 

BJJH 6onee o6muM, BWTexaromuM H3 Teopuu a6coJJJOTHLIX cxopocTeii:, 

ypaBueuueM 3iipuura 141 1
: 

T= _h_ ..J:- exp( .Ma I R) exp(-~H i RT), 
kT r /14/ 

r,ne TO- DOCTO.IIHHall a,ncop6QHH jc/,~H a - 3HTaJJLDHJI a,ncop6QHH 

/r<aA/MoAr./, M>a- 3HTpODHJI a,ncop6QHH /r<aA/MoAr. K/, R- ra3oBaJI 

DOCTO.llHHaJI /KaA/MOAf> K/, h - DOCTOJIHHa.ll llJJaHKa /r<aA c/, k -

DOCTOJIHHa.ll 60JJhQMaHa /KaA/K/, f - K03cllcllHQHeHT TpaHCMHCCHH . 

BpeMJI npe6wsaHHJI semecTBa ua nosepxuocTH TXK (t ~, ) MOJKHO 

onpe,neJJHTL, ucxo,n.11 H3 Toro, 'ITO ua 6ecxoue'IHO MaJJOM yqacTxe 

KOJJOHKB dx = g dT npHpOCT BpeMeHH y,nepJKHBaHHJI Ha DOBepXHOC

TH dt '; paBeH DpOHJBe.zteHHJO 'IHCJJa TeopeTH'IeCKHX TapeJJOK Ha 

3TOM y'laCTKe H cpe,nuero BpeMeHH JKHJHB: 

dt" = T dN = -
7

- dT . 
gH 

/15/ 

Tor.na, Y'IBTWBaJI /6/ u /14/, a TaKJKe npe,nnonara.11, 'ITO ~Ha, ~Sa 

B r He 3aBBCJIT OT TeMnepaTypw, BMeeM: 

" Ta r h exp(M>a I R) Ta exp(-~Ha I RT) 
t r = f - dT = -----::----- f ------==-- dT. 

T gH k g r TH (aT+ b) -.j T 
H 

/16/ 

7 



TaxuM o6pa30M, apeMJI y.nep:lKHBaHHJI 6y.neT pasuo: 

.9. T 
rr a- To ln _JL + 

4 V0 g T" 

h exp (!\Sa I R) T a exp (-11Ha I RT) 
-----f -

kg r T 11 (aT + b) ...;'f 
tr dT. /17/ 

Pemeuue HHTerpaJia /16/ B 06J.UeM BH,IJ;e HeB03MO:lKHO, fi03TOMY 

,IJ;JIJI onpe.neneuuJI Ta Mhl noJih30BaJIHCh MeTo.noM CuMncoua, npu'leM 

pac'leT nposo.nuncJI ua 3BM CDC -6500 u EC -1040 no.n6opoM 

TaiCOH Ta, ICOr,IJ;a pa3JIH'IHe Me:lK,IJ;Y 3a,IJ;aHHhiM 3Ha'leHHeM t r , TO eCTh 

BpeMeHeM OfihiTa, H paCC'IHTaHHhiM fiO ypaBHeHHIO /17/, He npeBhi

WaJIO 6hl JII06oii uanepe.n 3a.nauuoii aeJIH'IHHhl. HeTpy.nuo noxa3aTh, 

'ITO ,IJ;JIJI onpe.neneHHJI T a c owu6xoB: Meuee o,i KB TXK c T,;=llOOK 

u T " =300 K ueo6xo.nuMo c.nena Th scero 13 waros. 

Kax OTMe'laJIOCh B pa60Te142 < noCBJIJ.UeHHOB TepMH'IeCICOH 

.necop6uuu, uau6onee cno:lKHhlii aonpoc cocTOHT B o6ocuosauuu 

H Bhl6ope 3Ha'leHHH 11Ha , !1S a H r, B o6meM, 3aBHCHMhiX OT TeMne

paTyphl. 3TH 3aBHCHMOCTH MOryT ICOMfieHCHpOBaThCJI, 6naro.napJI 

'leMy xa:lKymeecJI 3Ha'leuue 1'1Ha ,onpe.neJIJieMoe, uanpuMep, ra3oaoii 

xpoMaTorpacllueii B wupoxoM .nuana3oue TeMnepaTypbl 1 43 ; MO:lKeT 

OICa3aThCJI nOCTOJIHHOB BeJIH'IHHOB. 3Ha'leHHJI T a , paCC'IHTaHHhle 

no cllopMyne I 17 I, cosna.nanu c paCC'IHTaHHhiMH 6 .AiixnepoM u 

H.3sapoii 
1 251 

u ux 3ICcnepuMeHTaJIJ.HhiMH .naHHhiMH 1 27 •281 TOJihiCO 

TOr .na, xor .na .npo6h exp ( 1'1 Sa I R) I r I 17 I npHHHMaJiaCh pasuoii 

106 . 3To 03Ha'laeT, 'ITO u B cnyqae, xor.na npuuuMaeTcJ111Sa 

= -1'1Scy6JI =-40 3.e., u B cnyqae, xor.na a.ncop6uposauuoe cocToJI

uue O,IJ;HOaTOMHhiX MOJieiCyJI paCCMaTpHBaeTCJI ICaiC ,IJ;ByMepHhiH ra3 

/<'1S a = -10 3.e./44
/, 3Ha'leHHe IC03cllcilHUHeHTa TpaHCMHCCHH BaphH

pyeT s npe.nenax 10-8 -lo- 1? To ecTh .necop6uuJI JIBJIJieTCJI 3aMe.n-
/ 42 / 

neHHhiM npoueccoM · Cne.nyeT uanoMHHTh, 'ITO onpe.neneuue 3H-

Tponuu a.ncop6uuu, oco6euuo npu e ... 0, JIBJIJieTCJI uepeweuuoii .no 
- / 45-48 / 

cux nop npo6neMOH · 

2. PAClJET PACHPE,l(EJIEHHJI BEJJ(ECTBA B TXK ,l(JIJI 
MrHOBEHHOrO BBO,l(A HPOEbl 

~JIJI onpe.neneHHJI pacnpe.neneHHJI semecTBa c ueuTpoM TJI:lKeCTH 

T h socnoJih3yeMCJI no.nxo.noM, npe.nno:lKeHHhiM B pa6oTe Onaiiua 

u ~e cl»op.na 1331
• Cornacuo 3TOB pa6oTe, B xpoMaTepMorpaclluu, To 

8 

~ 

eCTh B ycJIOBHJIX, ICOr,IJ;a Ha H30TepMH'IeCICYIO ICOJIOHICY HaiCJia,ll;hiBa

eTCJI no.nau:lKHoe nocToJIHHOe TeMnepaTypuoe none,xapaxTepu3yiO

meecJI OTpBUaTeJihHhiM rpa,II;BeHTOM B uanpaBJieHBB ICaiC ,II;BH:lKeHHJI 

ra3a- uocuTeJIJI, Tax B ,II;BB:lKeHBJI TeMnepa Typuoro noJIJI ,ycTauasnusa

eTCJI HeiCOTOpOe nOCTOJIHHOeloTHOCBTeJihHO ,IJ;BB:lKYJ.UerOCJI fiOJIJI/pac

npe.neneuue BemecTBa. 3To cTauuouapuoe cocTOJIHBe o6ycnoBneuo 
TeM, 'ITO 3ana3,11;hiBaiOmaJI qacTh 30Hhl BemecTBa nona.naeT B 6onee 

BhiCOICYIO TeMnepaTypy u ycxopJieT cBoe ,II;BB:lKeuue, a onepe:lKaiOJ.UaJI 

qacTh, uao6opoT, TOPM03BTCJI. CcllopMBpoBaBmeecJI 6naro.napJI 3To
MY pacnpe.neneuue BemecTBa onuchiBaeTCJI nocToJiuuoB: "xapaxTe

pucTB'IecxoA" TeMnepaTypoB: Txap I Kl B cTau.napTHhiM oTxnoueuueM 

a I K BJIB eM/. TaxBM o6pa3oM, o6hi'IHOe ,IJ;JIJI B3oTepMB'Iecxoii xpoMa

TOrpacilBB ,IJ;BcllcilY3BOHHOe pa3MhiTBe 30Hhl ypaBHOBeWeHO C:lKaTBeM, 

o6yCJIOBJieHHhiM rpa,II;BeHTOM TeMnepaTyphl, TO eCTh: 

da/ dt = (d a/dt) pa3M + (da/ dt) ClK<'IT "'0, /181 

r.ne t - BpeMJI xpoMaTepMorpacilupoBaHHJI. 

PaccMoTpBM xpoMaTepMorpaclluqecxyiO Mo.nenh TepMoxpoMaTo

rpaclluu, a HMeHHO npe,II;CTaBBM , 'ITO no H30TepMH'IeCICOB ICOJIOHICe, 

xax u B xpoMaTepMorpaclluu, ,II;BB:lKeTCJI uexoe TeMnepaTypuoe none 

CO CICOPOCThiO,paBHOB CICOPOCTB ,II;BH:lKeHBJI ueuTpa TJI:lKeCTH pacnpe

,IJ;eJieHBJI BeJ.UeCTBa B ICOJIOHICe . IlpOTJI:lKeHHOCTh 3TOrO nOJIJI, ICaiC H B 

XpoMaTepMOrpacilBH, 3Ha'IBTeJihHO MeHJ.We ,II;JIHHhl ICOJIOHICB, HO 60Jih

me, 'leM 30Ha TepMoxpoMaTorpacilupyeMoro BemecTBa. Ilpu 3TOM 

npe.nnonaraeTCJI,'ITO ueuTphl noJIJI u 30Hhl coBna.naiOT, u rpa.nueuT 

TeMnepaTyphl OCTaeTCJI nocTOJIHHhiM, a MeHJIIOTCJI JIBWh TeMnepaTy

phl uaqana u xouua .nBB:lKymerocJI nonJI. H3MeHJieTcJI u nocToJIHHaJI 

B cnyqae xpoMaTepMorpaclluu "xapaxTepucTu'lecxaJI" TeMnepaTypa 

30Hhl (Txap ), paBuaJI B uaweM paccMoTpeuuu TeMnepaType ueuTpa 

TJI:lKeCTB 30Hhl(~). o.nuaxo C:lKHMaiOmee .neacTBBe u B cnyqae TepMo

xpoMaTorpaclluu, u B cnyqae xpoMaTepMorpaclluqecxoii Mo.nenu 

TepMOXpOMaTorpacilHH 6y,11;eT OCTaBaThCJI u3-3a paBeHCTBa TeMne

paTypuoro rpa.naeuTa o.nauaxoBhiM. 
C:lKHMaiOJ.UaJI COCTaBJIJIIOJ.UaJI B 1181 MO:lKeT 6b1Th Bhlpa:lKeHa, 

cornacuo pa6oTe133
/ ypaBueuueM: 

(da/dt) =-gai1H w 3 I (RT2 ), 
ClKaT a OH 

1191 
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r,~~;e W 30H - CKOpOCTL ,!I;BJl)I(CHaJI Be~eCTBa B llCHTpe 30HLI. Cne,~~;yeT 

YDOMJIHYTL 0 TOM , 'ITO npa BLIBO,!I;e ypaBHeHaJI /19/ aBTOpLI pa6o 

TLI I 331 ODYCTana B npaBOB ero 'faCTa 'IDCH ( u x- W 30H ) / Ux 

npaHJIB ero paBHLIM 1. Taxoe npe,~~;nono)l(eaae o6ocuoBauo ,!I;DJI 

ua3KOTe.MnepaTypuoii: qacTa TXK, xor,~~;a (t ~- » t ~ ). )J;ng TO'IHoro 

)I(C ODpe,~~;eneHaJI WBpaHLI 30HLI B mo6oii: 'faCTa KODOHKa HC06XO,!I;a.MO 

y'IBTLIBaTL 3TOT 'IDea . llpa pac'leTax , npoBo.D;aMLIX ua 3BM , 3TO 

MO)I(BO nerKO peaDB30BaTL C03,!1;aHae.M .MaCCaBa, OTpa)l(aiO~ero 

3aBaCa.MOCTL CKOpOCTa ,!I;BJl)I(CHaJI 30HLI KaKoro-na6o Be~eCTBa OT 

Te.MnepaTypw . Taxoii: MaccaB MO)I(eT 6LJTL pacc'laTaH no ypaBHeHaiO 

/17/. llpe,~~;narae.MLIB DO,!I;XO,!I; D03BODaT y'laTLJBaTL C)l(aTae 30HLI, 

BLI3BaHBOe Be TODLKO a3MCHeHae.M CKOpOCTa ,!I;Ba)I(CHBJI Be~eCTBa 

3a C'ICT yBeDa'ICHaJI BpCMCHB )l(a3Ha a,!I;COp6apoBaHBLIX 'laCTaU 

Ha DOBepXBOCTa KODOHKa, HO a 3a C'ICT YMCHLWeHaJI CKOpOCTa 

ra3a- HOCaTeDJI. 

Pa3MLIBaiO~aJI COCTaBDJIIO~JI ypaBHCHaJI /18/ .MO)I(CT 6LITL 

onpe,~~;eneua a3 BLipa)l(eHaJI ,!I;BCDepcaa ,!I;DJI a30Tep.MB'ICCKOB ra3o

BOB xpoMaTorpacllaa: 

a 2 "'xH . 
pa3M /20/ 

TaK KaK BLICOTa, 3KBaBaDCBTHaJI TeopeTa'leCKOB TapenKe, 3aBaCaT 

OT TCMDepaTypLI , TO, DO,!I;CTaBDJIJI H a3 /6/ a 3a.MCHJIJI TCMDepa

Typy TeK~eii: xoop,~~;aoaToii: x I eM/ , cornacao /3/, a.Mee.M .D;DJI 

TepMoxpo.MaTorpacllaa /ana ,!I;DJI xpoMaTepMorpacila'lecxoii: Mo,~~;ena 

TepMoxpo.MaTorpacllaa/: 

2 a( T H + gx) + b 
a = --X· /21/ 

pa3M - ----
yT H + gx 

)J;acllcllepeHUapoBaBae 3TOr O BLipa)I(CHBJI npaBO,!I;BT K CDC,!I;YIQ~CMy: 

(da / dt) =--1---[ a(3T 2-TT )+b(T+T )]w 
, pa3M 4aT yT H H 30H /22/ 

KoM6aoapy g ypaBueu aJI /18/, / 19/ a /22/, nonyqaeM ypaBueaae 

,!I;BCDepcaa a 2 I CM 
2 I ,!I;DJI rXT: 

2 R y Ta[aTa (3T a-TH) + b(Ta t TH)] 
a : -.:...· --"'-----"'--' / 23/ 

4g~H a 

10 

KoMnaDJIUaJI BLJpa)l(eBaJI ,~~;acnepcaa, nonyqeauoro B pa6oTe
1331 

a 2
= HRT ~ /2g~Ha • 

/24/ 

C DO,!I;CTaHOBKOB cpe.D;Hero apBcii.MeTa'ICCKOrO H a3 /6/ )J.DJI TCMDC

paTyp KODOHKa . T H a 'I'a .n.aeT: 

a2 = 

2 -- --
R 'Ta (y T #'/Ta) (ayT~;ra +b) ------------. /25/ 

4 g ~ H a V T I;r a 

B •a6A. 1 npaBe.n.eoo cpaBoeuae cTau.n.apTHLIX OTKnoueaaii: 

/B K/ , pacc'IBTaHHLIX ~o ypaBHeHaJIM /23/ a /25/ .D;DJI MrHoBea

aoro BBO)J,a Dp06LI BC~CCTBa C ~Ha=-20 KKaA/MOAI> B KODOHKY 

c BHyTpeaaaM .n.aa.MeTpoM d = 0,3 eM, T H =1100 K a g =
=-16 K/cM. Pacxo.n. ra3a-aocaTeDJI V 0 =0,5 eM 

3 
/c a ero xoJcll

ciiBllaeaT .n.acllclly3aa D~a3 =0,1 eM 2 /c. Ba.n.ao, 'ITO npa MrHoBeH

HOM BBO)J.e Dp06LI CTaH)J.apTHOC OTKDOHCHae rayCCOBCKOrO pacnpe

.n.eneaaJI se~ecTBa B TXK ae npeBwwaeT 10 K. Cne.n.yeT, o.n.aaxo, 

3a.MCTHTL, 'ITO paC'ICTLI DpOBO)J.BDaCL )J,DJI ODTB.MaDLHOB CKOpOCTa 

ra3a-HOCaTeDJI, onpe.n.eneHHOB a3 /4/ KaK: 

V 0 (OilT ) = TT 0 ° d /o(T--;T_)_ ra3 Y~ a T o---- /26/ 

Ta6Jlii.U8 I. 

CTaHJlapr!We OTKJIOHeHHR ~ (K) pacnpe,D;eJICII.IUI nell\eCTBa illlH ,llllRlitemm 

ero B,II;OJ!h UK (npO<lJHm> Bno.ua - 6 -<PYHKWUI) . 

IOUU 90u 800 700 GOO suo 400 300 

(23) 1 8 ,32 7,44 6 ,59 5,81 5 ,0G 4,3U 3,76 3,22 

(25) U,37 7, 51 6 ,68 5,95 5,00 4,19 3,3'7 2,5G 
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Puc.1. PacnpeovzeHue mpex zunomemut~ecKux aefllecma no mepMo
xpoMamozpa¢ut~ecKoil KOAOHKe npu MZHoaeHHOM abl6ope npo61>z 
/o6'bJICHeHue a meKcme/. 

Ha puc. 1 noxa3aHo pacc'IHTaHHoe no ypaBHeHHJIM /17 I H /23/ 
pacnpe.neneHue B,nom. TXK Tpex runoTeTH'Iecxux neTy'IHX coe.nu

HeHHB C L'.Ha=-20, -30 H -40 KKaA/MOAb ,nnJI tr =10, 100 H 

1000 C /nHXH 1,2 H 3, COOTBeTCTBeHHO/. Jipocllum. BBO,na npo6bl -

o -cllyHXUHJI. Pac'leT npoBo,nuncJI npu cne.nyromux npHHJIThiX napa

MeTpax: d =0,3 CM; V0 = 0,5 CM 3 /c: 0~33 =0,1 CM 2/c; T11 = 
=1100 ](,: TK=300 K; T

0
=298,15 K; L =50 CM H exp(L'.S

3
/ R)/ r = 

=106
. 

3. BJIHJIHHB IIP0,40JI)I(HTBJihHOCTH H IJP()fiJHJIJI 

BB0,4A IIPOEIJ HA PACIIPB,4BJIBHHE BBII(BCTBA 
B TXK 

Wupoxoe ucnonLJoBaHue rTX -paJ,neneHuii B pa.nuoxHMH'Iecxoii 

npaXTHXe Bhi3BaHO 3Ha'IHTenLHO MeHhWeii, 'leM B 06hi'IHOH H30Tep

MH'IeCXOB ra30BOB XpOMaTorpacliHH, 3aBHCHMOCThiO Xa'leCTBa pa3,ne

neHHJI /HnH pa3,nenHTenhHOH cnoco6HOCTH/ OT npo,nO~HTeni.HOCTH 

BBO,na npo6hl,a TaX:ltCe TeM,'ITO O,nHOBpeMeHHO C pa3,neneHHeM B rTX 

npoucxo,nHT XOHUeHTpupoBaHHe, HMe10mee Ja'laCTYIO Hau6onLwee 

3Ha'leHue npu pa6oTe c pa.nao·axTHBHhiMH BemecTBaMH. Bonpochl, 

CBJI3aHHhle C BnHJIHHeM pa3MepOB npo6, BpeMeHH H CnOC060B HX 

BBo,na B o6bi'IHhle H30TepMH'Iecxue raJoxpoMaTorpacllu'lecxue xonoH

xu Ha Xa'leCTBO H 3cllclleXTHBHOCTh pa3,neneHHJI, paccMaTpHBaiOTCJI 

12 

1 

nO'ITH BO BCeX pyXOBO,nCTBaX H MOHOrpacliHJIX no ra30BOB XpOMaTo

rpacliHH, TaX 'ITO He HMeeT CMhiCna npHBO,nHTh 3TY o6wHpHyiO 6u6-

nuorpacliHIO. B cnyqae :ltCe raJoBoii TepMoxpoMaTorpaclluu 3THM Bo

npocaM ,no CHX nop He y,nenJinOCh ,nOn:ltCHOrO BHHMaHHJI, BO BCJIXOM 

cnyqae, HaM He H3BeCTHO HH O,nHOB pa60Thl Ha 3TY TeMy. 

Ha OCHOBe ypaBHeHHB /17/ H /23/ 6hlnH BhlnOnHeHbl pac'leThl 

pacnpe.neneHHJI BemecTBa B,nonh TXK npu ero npo.non:ltCHTenLHOM 

BBO,ne, a HMeHHO, npH npo6XOBOM H 3XCnOHeHQHanhHO-y6hiBaiOil{eM 
/ 49 / 

npocllune . Pac'leThl npoBo.nunuch Ha 3BM CD0.6500, npu'leM 

npocllunh BBo.na pa36uBancJI Ha 100 una 500 nceB.no- o -cllyHxuuii, 

.nn• xa:ltC,noii H3 xoTopblx onpe.nenJincJI oTxnux - pacnpe.neneHHe 

BemecTBa no TXK, a 3aTeM Bee nony'leHHhle oTxnuxu cyMMHpoBa

nHCh. IIapaMeTphl, ucnonh30BaHHhle npu 3TOM, 61>1nu TeMH :ltCe, 'ITO 

H npu pac'leTe pacnpe.neneHHii, npe.ncTaBneHHhiX Ha puc. 1. 

Ha puc. 2 noxa3aHo pacnpe.neneHue no TXK BemecTBa c L'.Ha= 
=-20 KKaA/MOAb npu ero npo6xoBOM npocllune BBo,na. Op,nuHaTa 

npe,nCTaBnJieT C060H OTHOCHTenhHYJO XOHUeHTpaQHIO, a HMeHHO, 

~ BBe.neHHoro B xonoHxy BemecTBa Ha .nnuHe xonoHXH, cooTBeT

CTBYJOIUeii t\.T =1 K. KpHBble 1, 2 H 3 OTHOCJITCJI COOTBeTCTBeHHO 

X BpeMeHaM BBO,na npo6hl (rHHOJJ, U ) , paBHhiM 0,1;0,5 H 1,0 
BpeMeHH onbiTa (TOil ). HeperynJipHOCTH ( mtKI1 ), Bhi3BaHHhle XO

He'IHhiM qacnoM pa36HeHHii /B .naHHOM cnyqae 100/ npocllunJI BBo

.na, no3BOnJIIOT HarnJI,nHo npe.ncTaBHTh ,nBH:ltCeHue BemecTBa B.nonh 

TXK a nocTeneHHoe c:ltCaTue /xoHUeHTpupoBaHue/ a.ncop6uuoHHoii 

30Hhl. Tax, ,nnJI BpeMeHH OnhiTa T Ofi =100 C nepBhiB cnpaBa 

nHX COOTBeTCTByeT BpeMeHH nepeHOCa, paBHOMY 0,5 C, cne,nyroiUHB-

1 ,5 c H .nanee 2,5 c, 3,5 c, 4,5 c ... 
Ha puc. 3 npe.ncTaBneHo pacnpe.neneHue BemecTBa /L'.H3= 

=-20 KKaA/MOAb/ B TXK ,nnJI 3XcnoHeHuuanLHo-y6hiBaiOmero npo

cllunJI BBO,na. BpeMJI BBO,na npo6hl B ,naHHOM cnyqae paBHO BpeMeHH 

OnhiTa, n03TOMY B Xa'leCTBe 

ucnoni.JoBanacL .nonJI BemecTBa 

OCHOBHOB xapaXTepHCTHXH BBO,na 

F /~/, BBe,neHHoro B TXK 3a 

BpeMJI onhiTa. Koop,nuHaThl aHanorH'IHhl noxaJaHHhiM Ha puc.2, 

'IHCnO pa36HeHHB paBHO 500. KpHBble 1,2 H 3 COOTBeTCTBYJOT F , 
paBHhiM 99, 50 a 10~. Pacc'IHTaHHhle pacnpe.neneHHJI I puc. 3/ 
O'leHL noxo:ltCH Ha 3XcnepuMeHTanLHO onpe.neneHHhle, HanpuMep, Ha 

nony'leHHhle .6 .AiixnepoM a B .II.,Il;oMaHOBhiM pacnpe.neneHHJI At 
/ 50 / 

H Hg • H3 puc. 2 H 3 BH,nHO, 'ITO ,na:ltCe ,nnJI nOCTOJIHHOrO BBO,na 

npo61>1 B TXK c npo,non:ltCHTenLHOCThiO, paBHOA 7 on. ocHOBHaJI 
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Puc.2. Pacnpe~eAeHue zunOJIIeRu'lecKozo 6eUieCR6a c ~H a =20KKaA/ 
MOAI> npu npo6K060M npo(JuAe 660~a ezo 6 •ep..woxpo..wamozpa(Ju

'lecKyiO KOAOHKY /o61>JICHeHUe 6 11feKC11fe/. 

~Oni Be~eCTBa KOHUeHTpapyeTCB B 30He DpOTI~eHHOCTbiD BHec

KOnbKO c..w /To ecTb - 100-150 K/ . Cne~yeT no~qepKHYTb, 'ITO 

3KcnepaMeHTMbHO nony'leHHwe pacnpe~eneHBI se~eCTBa no TXK 
MOryT C~eCTBeHHO OTnB'IaTbCB OT paCC'IBTaHHhlX HaMB He TOnbKO 

14 

a; 

5 
f 
~ 
% 
0 
lC 

:§ 
~ 
< 
~ 
:J 

8 
% 

100 ~--------------------------------------~------------~ 

't,.,=10c 

10 

0.1 

Q01 

Q001 

Q.01 

' (j) 
® 

Q) 

j 

'_j 

'(,.=100c 

i ,-·-·1 

d Q001 

j 't..=1000c 
: ' I I 

-+~_1] 
I -- . ' I I 

-·--IT--~ ~ ---4,--. -- -l- --t-' 
~ - ' . 

0.11 --1 \~· .. • ' I i 
·- -· · aof 

a.o%o 500 '100 

TeMnepomypa,K 

1100 

Puc.3. Pacnpe~eAeHue zuno•e•u'lecKozo 6eUieCR6a c ~Ha = 
=-20 KKaA/MOAI> npu 3KCnOHeHIIUQAI>HO- y6!>16QIOIJieM npo(JuAe 660~a 
ezo 6 RepMOXpOMQROZpa(Ju'leCKYIO KOAOHKY /o6'bJICHeHUe 6 ReKCRe/. 
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83- 3a HeOOCTOJIHCTBa ~H a , ~Sa B r B WBPOKOM .II.BaOa3oHe Te:Mne

paTyp loT T H .11.0 Ta I, HO B B3-3a DpBCyTCTBBJI B ra30BOH fba3e 

aecxom.xax coe.naHeHHA o.nHoro a Toro )l(e 311eMeHTa, xoTopwe 

JC TOMY )l(e MOryT npeTepneBaTb pa311B'IHhle XBMB'IeCJCBe ope

spa~eHBJI so speMJI TpaHcnopTa no JC01IOHJCe / 22,26,51,52/ . 

liw11a npose.neHw pac'leTw xpaTepaJI pa3.ne11eHBJ1 (R) .II.JIJI oueu

xa pa3.ne11BTe11bHOii cnoco6uocTB TXK .II.JIJI .nsyx nap se~ecTB 

C 3HTa11bDBJIMB a.ncop6UBH, paBHhiMB - 40 B -30, a TaJC)I(e -30 
a -20 KKaii/MOIIb. Hcno11b30Ba1IOCb ypasueuae: 

T -T 
a1 a 2 

R = ) 
1,2 2 ( a

1 
+ a2 1271 

r.ne Ta a T .1 - TeMnepaTypw ueuTpos TJI)I(eCTH pacnpe.ne11eHBJ1 
1 c 2 

se~ecTB 1 a 2 B K01IOHJCe I Kl, a1 a a 2 - CTau.napTHhle OTJC110HeHBJI 

ax pacnpe.ne11euaA I Kl. B C11y'laJix, xor.na BBO.II. npo6w He 61>111 

MrHOBeHHhiM B pacnpe.11.e11eHBe Be~eCTBa DO JC0110HJCe B pe3y11bTaTe 

Ta6.1!Hl.\8 2. 

KpzTepaa pa~eneHHa R ) HeKOTOJHX nap I'HITOTeTu'lecJUix nel!leCTB B TXK 

~ rrpo6KOBOrO IT~Aff DBO~. 

16 

.'Lorr1° 
l BBO,I{8 I 'Lon 

0 O,I 0,5 0,9 

Bel!leCTna c A H8= -40 :w -30 KKan/r.ton.o 

IO 

IOO 

IOOO 

II,24 

Il,34 

II,26 

!0,9! 

Il,12 

Il,08 

5,79 !,84 

6,76 2,6! 

7,22 2,95 

nel!lecTna c A H8: -30 11 -20 ItKaJI/Mon.o 

* 10 

IOO 

1000 

12,80 

12,65 

12,35 

12,48 

12,49 

12,22 

* - acHMMeTpRH nHKOB 6on.ome 2. 

** - 8CHMM6TpaH ITHKOB 6on.ome 5. 

6,78 1,18 

8,55 3,50 

8,99 4,02 

!,0 

* 0,84 
lt 

1,27 

* 1,66 

* 0,43 

** 1,05 

2,26 

I 

3TOrO He 61>1110 CBMMeTpB'IHhiM, pac'leT CTaH.napTHOrO OTK110HeHBJI 

(a) OpOB3BO.II.B11CJI MeTO.IJ.OM MOMeHTOB, DPB'IeM Bhi'IBC11JI11aCb B 

acBMMeTpBJI pacope.ne11eHBJ1 se~ecTsa. B •a611. 2 u 3 .nauw 

3Ha'leHBJI xpaTepaJI pa3.ne11eHBJI .11.11JI npo6xosoro a 3KCDOHeHuHa11b

Horo sso.na CMeca Be~eCTB B TXK. C11e.nyeT OTMeTBTb, 'ITo 

pac'leT R no ypaBHeHBIO 127 I .11.11JI HeCBMMeTpB'IHhiX naxos, B o6-

~eM, HenpaBOMepeH, D03TOMy B t11a611. 2 B 3 .ll.aHhl yKa3aHBJI 0 

npa611B)I(eHHwx 3Ha'leHBJIX acaMMeTpaa 30H a.ncop6uaa. H3 t11a611. 3 

BB.II.HO, 'ITO B pa.IJ.BOXBMB'IeCJCOH npaJCTBJCe DPB npose.neHBB BhiCOJCO

TeMnepaTypHoro nepeso.na DPO.II.YKTOB B ra30ByiOcjla3y B3 "T011CThiX" 

0611y'leHHhiX MBWeHeii I3KCDOHeHUBa11bHhiB BBO.II.I B O.II.HOBpeMeHHO 

c 3TBM ra3oTepMoxpoMaTorpacjlaqecxoro pa3.ne11eHBJ1 Heo6xo.naMo 

CTpeMBTbCJI JC 6011ee D011HOMy y11eTy'IBBaHBIO Be~eCTB B3 MBWeHeii. 

EcTeCTBeHHo TaJC)I(e cTpeM11eHae pa.naoxaMaxos-:JxcnepaMeHTaTo

pos .no6asaTbCJI npe.nno'ITBTe11bHoro B3B11e'leHBJI o.naoro npo.nyxTa 
B ra30BYJO fba3y B3 C110)1(HhiX CMeceii 18 , 11 , 18 ,5 1 ,53/ 

Ta6~a 3 . 

Kp11Tep1m paa.neJieHHJr ( R ) neKoTopux nap rl!noTeTI!'IecKI!x nemecTB 

n TXK .llJIH sKcnoneHnHaJIOno-y61>lBaDmero npawRJIH nno.na. 

'l on , c I JlOJ!II Y JieTy'lll!laniDI F ( %) • 

99 

IO 

IOO 

IOOO 

IO 

IOO 

IOOO 

* 
H -

90 50 25 

BemeCTBa C AHa= -40 II -30 KKaJI/MOJ!I, 

2,55lBE !,38 0,96 0,89 

3,49l!3( 

4,II* 

I, 98'10! 

2,46* 

!,42 

!,83 

!,33 

!,73 

Bel!ieCTBa C AHa= -30 II -20 KKM/MOJII> 

I,69n o,sr* o,52 0,46 

3,58lBEl! 

5,4?* · 

!,82*** !,22** 

3,34* 2,49 

- 8CHMMeTpeH DRKOB 60JII>me 3. 

- acHMMeTpHH DRKOB 6oJ!hme 6. 

- acHMMeTpHH DRKOB 6oJ!hme IO. 

!,II** 

2,35 

IO 

0,86 

!,29 

!,69 

0,44 

!,02** 

2,29 

17 



CpaBHeHue ,D,aHHWX •a611. 2 u 3 yKa3WBaeT TaK:lKe Ha o6ocHoBaH

HOCTL OKOH'IaTenLHOA npo,D,yBKB TXK 'IBCTWM ra3oM-HOCBTeneM 

c nenLJO yny'llDeHBJI pa3,D,eJIHTenLHOA cnoco6HOCTB. TaKoA npueM 

6wn ucnonL30BaH He,D,asuo B pa6oTe 1541• 

4. BMBO,l1M 

Ha OCHOBaHBB TeOpBB TeopeTB'IeCICBX TapenoJC B TeopBB a6co- . 

nJOTHWX cKopocTeA BWBe,D,eHw ypasueHBJI /17 I u /23/, onucwsaJO

~nue nepeuoc ynLTpaMBKpoKonu'lecTB neTy'IBX se~necTB B ra3o

TepMoxpoMaTorpa~B'IecKoA KonoHKe. CpasueHue ypaBHeHBJI /17/ 
c aHanoru'IHWM, nony'leHHWM pauee li .AAxnepoM u H.3sapoii/251 

B npe,D,DOnO:lKeHBB MrHOBeHHOrO YCTaHOBneHBJI paBHOBeCBJI, DOKa-

31>1BaeT, 'ITO nponecc ,D,ecop6nuu JIBnJleTcJI 3aMe,D,neHHWM u xapaK

Tepu3yeTCJI KpaiiHe HB31CBMB 3Ha'leHBJIMB IC03~BnBeHTa TpaHCMBC

CBB jr =10-S -10- 15 /. 3aMeTBM, 'ITO IC03~BnBeHT TpaHCMBC

CBB B HaWeM paCCMOTpeHBB, T.e. B cny'lae naMBHapHoro DOTOICa 

ra3a-HocuTenJI B TXK, MO:lKeT BKnJO'IaTL B ce6Jl 'lneH, xapaKTepu-

3YIOinBB BepOJITHOCTL BI>IXO,D,a ,D,ecop6upoBaHHOii 'laCTBnl>l B3 rpaHB

'IaJnero co cTeHKOA cnoJI ra3a, u pasuwA, KaK yKa3wsanocL 

B pa6oTe H.3sapw1291, -10-3. Cne,D,yeT no,D,'IepKHYTL, 'ITO npe,D,

cTasneHHoe B HaCTOJIJneA pa6oTe peweHue orpaHu'leHo npe,D,nono:lKe

HBeM 0 DOCTOJIHCTBe 3Ha'leHBii ~Ha, ~Sa B r , a TaJC:lKe 06 O,D,HOPO.D.

HOCTB a,D,Cop6upyJOJneB DOBepXHOCTB B B,D,eanLHOCTB ra3a-HOCBTe

nJI. KpoMe Toro, He npBHBManBCL BO BHBMaHBe ,D,B~Y3BJI B TBep

,D,Oii ~3e /a.D.cop6euTel u nosepxuocTHaJI .D.B~Y3BJI. llocne,D,HJIJI 

B cny'lae uenoKanu3oBaHHOB a,D,cop6nuu MO:lKeT BHOCHTL .D.OnonHu

TenLHWA BKna,D, B pa3MI>ITBe a,D,cop6nBOHHOii 30HI>I. B ,D,aHHOii pa6o

Te Ml>l He paCCMaTpBBanB Tal()l(e BnBJIHBJI ,D,aBneHBJI ra3a-HOCBTe

nJI (p) Ha nepeHoc se~necTBa B TXK. lloHJITHO, 'ITO 3asucuMOCTB 

u t; lypaBHeHue /121 I, u t ;' lypasHeuue /16/ I OT p MoryT 

OICa3aTLCJI O'leHL CBnLHI>IMB ,OC06eHHO B nepeXO,D,HOii o6naCTB Te'le

BBJI ra3a. PeweHue 3a,D,a'lu B o6~neM BB.D.e, BKnJO'IaJI · nepeHoc Be

~necTBa B BaKYYMHOB TXK, noTpe6yeT, sepoJITHO, cosepweHHO 

,D,pyroro no.D.XO,D,a, 'I eM npe,D,no:lKeuuwe KaK B ,D,aHHoA pa6oTe, TalC 

B B ony6nBKOBaHHOH He,D,a~HO pa6oTe li.Aiixnepa1551. 

HecMoTpJI Ha o6~nenpBHJITWe orpaHB'IeHuJI,.D.aHHaJI pa6oTa MO:lKeT 

6wTL none3Ha npu oneHKe nepcneKTBB ucnonL3osauuJI TepMoxpo-
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MaTorpa~BB B npenapaTBBHOB pa,D,BOXBMBB ,D,nJI O'IBCTICB B ICOHneH

TpBpOBaHBJI KaiC ICOpOTKO-, TalC B ,D,OnrO:lKBBYJnBX pa,D,BOHyKnB,D,OB. 

ABTOpl>l C'IBTaiOT CBOBM DpBJITHI>IM ,D,OnrOM Bl>lpa3BTL 6naro

,D,apHOCTL npo~. B.A.XanJCuHy, npo~. H.3Bape, H.A.IOTnaH.D.OBY 

u A.KoBaneBy 3a PJI.D. neHHWX 3aMe'laHuii, BI>ICKa3aHHwx npu 
o6Cy:lK,D,eHBB ,D,aHHOB pa60TI>I. 
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