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non&ITKH CHCTCM8TH'IeCKOr'O paCCMOTpeHHH npouecca paCTEOpeHHH He3 
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6blnH npe.nnpHHHTbl ylKe B pH.Qe pa60T 
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nyTeM npH! AeHeHHSI K paCT-

BOPY Mo.nenu cna6o B38HMo.nelicTByJOIUero raaa cflepMH, paaBHTOJi B pa6oTax 

141 161 
Eap.nHHa H .np. H 36Hepa • Bae.neHHe aroii Mo.aenu oKaao~nocb Heo6xo-

liHMbiM z:tnsr o6'bllCHeHHH 6onhwoli pacTBOpHMOCTH He 3 
a He 4 IpH c TpeMne­

/6/ 
HHH TeMnepaTypbl paCTBOpa K 0°K, npe.QCK838HHOH paHee B pa6JTe H 

171 
nO.!lTBeplKlteHHOii SKCnepHMeHT8nbHO B pa6oTe 1 'ITO H CTHMY IHpOB8110 6on&-

WOii TeopeTH'IeCKHii H npaKTH'IeCKHH HHTepeC K STOll npo6neMeo nocne.!lHHH 

/8 9/ 
6bln noz:tKpenneH B CHnhHOii CTeneHH nepBbiMH Y.!l8'1HbiMH onbiT81AH 1 no 

npHMeHeHHIO npouecca paCTBOpeHHH .QnH .!lOCTHlKeHHH CBepXHH3K:IX TeMnepaTyp1 

'101 
npe.nnolKeHHOro B 1962 ro.ny noHz:tOHOM, KnapKOM H MeH.Q030H • npn STOM 

OHH HCXO.QHI!H H3 MCRee 6ntlronpHHTHOH ClfTY8UHH 1 BbiTeKaJOWeli H3 npHH'iTOi\ 

B TO BpeMSI MO.QenH p8CTBOp8 KUK H.Qeai!&HOr'O raaa 1 pllBHOBCCI liS! nnOTHOCTb 

Koroporo npe.nnonaranac& H3MeHHJOIIIelicsr nponopuHoHan&Ho T 3
/ 

2 
H3-3a Kon­

.neHcauHH raaa. TaKaS! Mo.nenb .nocTaTO'IHO xoporno no.nTsepJK.na web npSIMbJ­

MH H3MepeHHSIMH TennoeMKOCTH paCTBOpoB H ero paBHOBeCHbiX KOHUeHTpaum1, 

BbinOI!HeHHbiMH K TOMy. BpeMeHH .!10 TeMnepaTyp OKOI!O 0,4°K. llpHpOilll 1 K 

C'laCT&JO, oKaaanacb HaMHoro me.npee n 6ora'le, 'leM 3TH npoc1 &te npe.ncTnB­

neHHSI, npe.QOCT8BHB B03MOlKHOCTb C03.!l8Tb HOBb!H1 6onee MOIIIH ,IIi cnoco6 no­

lly'leHHSI CBepXHH3KHX TeMnepaTyp no Cp8BHeHH!O C pa3pa60TllHiib!M paHee Me-

1'0.!lOM anHn6aTH'IecKoro paaMarHH'IHBaHHSI. OcHoBH&IM npeHMyrr ecTBOM sroro 

MeTO.!lll HBI!SICTCSI B03MOlKHO'CTb C03.QaHHSI CT8UHOHapHOrO pe>KH~ Ia OXI18>KilCHHSI 

npH TeMnepaTypax '!OpllnKa 0,01°K H HH>Ke c cymecTBeHHO 6onbmeli xonono-

3 



r 

UpOH3BOAHTe/lbHOCTbD H 6onee UpOCTbiMH cpeACTB8MH, 'leM 3TO MO)KHO 6bi/l0 

HaaeHTbCH AOCTHI'HY~'b pa3pa60TKOl! UHK/lH'IeCKHX M8I'HHTHbiX yCT8HOBOK, 8H8-

IlOI'H'IHbiX ycTaHOBKe llayHTa. BTophiM, He MeHee Ba)!(HbiM, npeHMymecTBOM 

HB/lHeTCH B03MO)KHOC Tb 31jl<jleKTHBHOI'O OX/l8)Kll8HHH ni06biX B8IU8CTB, IIOM8IU8e­

MbiX HeUOCp8ACTBeHHO B CBepXTeKy'IHl! paCTBOp, 061l8A8IDIUHl! UpH 3THX TeM­

nepaTypaX cpaBHHTerbHO BhiCOKol! TerrnorrpoaoaaocTbiD. KpoMe Toro, aocTH­

)KeHHe paBHOBeCHOfi reMrrepaTypbl o6nerqaeTCH H3-38 AH~y3HH He3 
B paCT-

~~ - -" 
BOpe, l..ITO 8KBHB8JTeP T4~ .'~~.~!.9~~IJ}i.J.~~~.torlo~y tOXn8>K.QeHHJ0 T9JID. ra30BbiM IIOTO­

KOM, ilMeiOIUIIM TeMn epaTVPV pac.' ov !)Bo 3TH IIpeHMyiUeCTB8 B CO'IeTaHIIH C 

rrpuc·ruTOH M8TOA8 a 3IOT OCHOB8HHe C'IHT8Tb, 'ITO paCTBOpeHI!e He 3 
B He 

4 

CTaHeT OCHOBHbiM Cl:OC060M IIOily'leHHH cBepXHII3KIIX TeMrrepaTyp B 6Jlii)K8iiUII!e 

I'Oilhi. 

AKTyanbHol! IIp)6neMol! B HacToHmee BpeMH HBilHeTCH Borrpoc orrTIIMII­

aauHII yCT8HOBOK 0 pE 6oTaiDIUHX Ha paCTBOpeHIIH, perueane KOTOporo II03BOilliT 

UpH61li!311TbCH K rrpenenbHOii TeMnepaType, AOCTyiiHOii A/lSI naHHOI'O MeTO!la. 

11cnonb3YH MeTOA pE30BOI'O pacTBOpeHHH, Brrn'leC II YIITilH I II/ II neiiJKOB/ 
121 

yJKe nony'lllllH, npaBi!a, aa KOpOTKoe BpeMH, TeMrrepaTyphi rropHaKa aecKonb-

KIIX MHnnMrpaaycoB '<enbBHHa. B cTauMoHapHoM peJKHMe rpynrra YHTn!I noc­

THrna TeMnepaTypbi 10 m° K UpH CKOpOCTH paCTBOpeHH.II OKOilO 1,6• 10-BMOilb/ceK. 

B Jla6opaTopHH Hner HbiX rrpo6neM OM.Hl-1 B aacToHmee speMH aeiicTsyeT yc­

TaHoBKa, B KOTopdl 3 HenpepbiBHOM pelKHMe yaaeTCH llOilllepJKHB8Tb TeMIIe-

0 ~ 
paTypy ~ 8 m K ITpH CKOpOCTII paCTBOpeHHH OKO/lO 10 MOnb/ceK. 0nHaKO 

aanhHeilmee rrponBIOI eHne B o6nacTb 6onee HH3KHX TeMnepaTyp corrpmi<eHO 

C 60ilbllli!MI! TPYAHOCTHMH, B OCHOBHOM H3-3a OTCyTCTBHH IIOilHOI'O Ha6opa 

9KcrrepnMeHTanbHbiX naHHLIX o cnoilcTBax pacTBopa. TeopeTH'{8CKne JKe npen­

cKaaaHHH I!MeiOT 110~ 8 H860ilblllYIO TO'IHOCTb M Il8 51Bil.IIIOTCH B /lOCTilTO'!HOi'! 

Mepe caMOCOI'Il8COB.tHHb!MIIo no3TOMY IIp8JlCTOI!T eme 001lblll{l51 9KCIIep1IM8H-

T8/lbll851 II TeOp8Tli'I• !CK851 pa60T8 B 9TOii 061l8CTH. 

UenbiO aaHHol! pa6oTbi >BrrHeTcH nonbiTKa rrponaBeCTH KOilH'IecTBeHHLiii 

aaanH3 HeKOTOpbiX rr JoueccoB, MMeiOmnx MecTo rrp11 pacTBopeHIIII He 3 
B He 4 

B XOilOAllllbHb!X yeT a 10BK8X 9TOI'O Tllna, B H8JleJKne, 'ITO 3TO MO)KeT l10MO'Ib 

B KaKoil-To cTerreHI! orrTHMH311poBaTb 9TH ycTpol!CTBa. B CBH3ll c TeM, 'ITO 

TaKne ycTaHOBKII ami nony'IeHMH TeMrrepaTyp no 0,1°K BeCbMa npoCTbi n 

HeKpHTH'IHbi K Bbi6or y IIX reoMeTpn'leCKIIX napaMeTpoa, aaecb 6yayT pac-

4 



CM8TpHB8TbCSI npoueCCbl TOllbKO npH 6onee HH3KHX TeMnepa1 ypaX, npH KOTO-

pblX HeB03MO)f{H0 CKOHCTpyHpOBSTb yCTSHOBKH CO 3H8'IHTenbf hiM aanaCOM no 

BCeM napaMeTpaM, H B CBH3H C 'laM BOnpoC HX OnTHMH38UHI! CTSHOBIITCSI BS)f{­

HbiM. 3neCb He 6ynyT paCCM8TpHB8TbCH TeopeTH'IaCKHe BonplCbl 0 KOTOpbie 11.0-

/l/ 
CT8TO'IHO nonpo6HO H31JO)f{eHbl B ynOMHHyTblX Bblllle pa60T8X YHTIJH H Pei!-

/2/ 
n6aH 0 38 HCKIJIO'IaHH9M H9KOTOpblX sneMeHTapHblX CBeneHHi!, He06XOil.HMblX 

IJ.IISI BXO)f(IJ.aHHSI B KypC ll.91I8o KaK 6yneT BHIJ.HO HH)f{e 0 ll.IISI npaKTH'I9CKOf'O npH-

M9H9HHSI ll.OCTSTO'IHO 3H8HHe TOIJbKO OCHOBHblX SKCnepHM9HT~ IJbHblX BeiJH'IHH, 

TSKHX KaK npell.aJihHSSI KOHUaHTpSUHSI paCTBOpa, BSI3KOCTb 0 TE•nnonpOBOil.HOCTb0 

Tennosoe conpoTHBneuue ua rpanuue paanena MeTann-*Hil.KO~Tb u, rnaBHhlM 

o6pa30M0 T9IIIJOaMKOCTb0 KOTOpa!! no CyQleCTBy •auaeT• BCC 0 'ITO MO)f{HO 3H8Tb 

0 B38HMOIJ.ei!CTBHH STOMOB He
3 

B paCTBOpe K8K ll.pyr C ll.prroM, TSK H CO 

CBepxTeKy'Iei! ~aaoi! He 4 
• B CBSI3H C STHM, )f{enaH B KSKOi-TO CTeneHH BOC­

CTSHOBHTb pSBHOBeCHe B MHpe TepMHHOB,~apyllleHHOif YHTIJl ero •npHcTpac­

THeM• K XHMH'I9CKOMY IIOTaHUHSIIY H SHT81JbnHH II •npeue6p€)f{HTe1JbHblM• OT­

HOlllaHHCM K SHTpOIIHH 0 IIOCTapaeMCSI 31l.eCb OOOHTI!Cb 6e3 ne JBbiX 0 C'IHTaSI HX 

MCRee orrpeneneHHblMH H 6onee H3M9H'IHBblMH 0 'ICM 3HTpO!lHH 0 HM8!0l.Uf!H 0 6naro­

nap1I HepHCTy, TBepll.yiO TO'IKy OIIOpbi B Hyne. 

TeopeTH'IeCKaH Monenb pacTBopa K.'IK flhipolKneHHoro 4,ep VIH-Ill!paKoBcKoro 

ra3a 6yneT HCll01Jb30B8TbCSI 31l.CCb TOIJbKO Llllfl 6onee H(JI'iJIJUHO~o OlliiCilHIISI 11pO­

UCCC8 paCTBOp9HHfl H 8H81IH38 TeniiOBOf'O ~<jJCKTa llpl! llpOCCC· ~llpOBi!Hllll paCTBO­

pa. Cornacno sToi! Monenu, paccMaTpHBaeMLii! HH*e ~IeToA no1 yqenuH HH3KHX 

TeMrrepaTyp HBIIHeTcH, no cymecTBy, nanbuellmHM pa3BHTHeM *KnaccnqecKoro" 

MCTOAa, OCHOBaHHOf'O Ha HCIIapeHHH )f(HIJ.KOCTell, H 38KIJIO'I810Ul. MCSI B TOM, 'ITO 

C UeiJblO IIOIIY'ICHHSI 6onee HH3KHX TeMrrepaTyp H906XOIJ.HMOC yMeHblllCHHe CKpbl­

TOii TeniJOTbl HCnapeHHSI H COOTBCTCTBYIOQlee yBeiJI!'IeHlie yrrpy!'OCTH napa llOCTH-

# 
raeTc!l nyTeM ucnapeHH!I *Hil.KOCTH B nse cTannn: cuaqana s.llaKyyM He 4 c 

peanuaauuell neKoTopoll ManoA nonn Tionaoil TennoTbi HCnape IIIH, a JaTeM, 

npll 6onee BblCOKOii TeMrrepaType, HeJ rrepeXOiliiT 1!3 rrpoMe>Ky rO'IHOf'O BCIIOMora­

TeiJbHOf'OifBaKyyMa•He 
4 

B <IJH3H'ICCKHH B8KYYM C peaiiH38QHe I OCTSIIbHOH 'IllC­

TH nonuoii TeiiiiOTbi ucnapeHHH He 3 • 

Co opeMeHH ocymecTBneHHH nepBblX Yllfl'lflbiX noiil>IToK 
1 8

•
91 

rocHtaHHH pHc­

CMllTpHBlleMhlX anecb YCTSIIODOK llOHBHIIOCb y>KC MHOT'Co pn6oT Hll ·.~Ty TCMy, 

HeiiOIJHblii CIIHCOK KOTOpblX IIpHBC!lCH B KOII!LC /li1HHOJ'i C'TflTbH ( pa60Tblo OTMe­

'lCIIIJUC 3Be.3/lO'IKOi!). none3llhJe IIpllKTH'IeCKife COBeTbl MOX<HO HAi!TH B ope-
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/3/ 
BOCXOAHO HanHC8HHOH pa6oTe YHTIIH H Ap. , rae, B '18CT IOCTH, AO MeJib-

qailmnx nonpo6aocTeil naao onncaane nx onbrTa pa6oThr c J•etPPHlKepaTopaMH 

aa pacTBopeann. 

TeopeTn'lecKan Monenb n npnaunn neilcTBnn 

KaK naBecTHo, lKHnKne pnCTBOpbr He 3 B He~ np11 Te~ nepaTypnx HHlKe 

0 /13/ 
0,86 K UCnbiTI>tBiliOT paccnoeane Hll ABe rj>ll3bl , OTIIH'H IOIJIHeCH KOHUeH-

Tp8UHHMH pllCTBOpeH!IOrO B IIHX He 3 
H, cooTBeTCT!IeHHo, nnoTHOCTbJO. Opn 

paBHOB(>Cllll rj>a3 3TH KOHUeHTp8UHH 60JibUie He HBIIHIOTCH llJ:OH3BOJibHbiMH na­

paMeTpaMH, a cyTb OAH03Ha'lllbie rj>yHKUliH TeMnepaTyphr, C< BnllAaiOIJIHe B TO'I­

Ke nonBneHnn rj>aa. CooTBeTCTBYJOruan 3THM rj>yHKunnM Kpnn tn, nnnnJOruancn 

rj>a30BOH AHarpaMMOfi paCTBOpa, llOKa3aHa Ha puc.!, rae no OCH opnnHaT OT­

IIOlKeHa TeMnepaTypa, a no ocn a6cuucc - KonueHTpaunn He
3 

B rj>aaax, on-

penenneMan KaK 

rae n
3 

n n - 'IMCJIO 'lllCTliU ,.He 3 
n He 4 

B ennnHue o6beMa, cooTBeT-

CTBeHHOo ~l:J 3TOH AMBrpllMMI>I MOlKHO OllpeAeJIUTb 3Ha'leHIIH KOHUeHTpllUHH 

pllCTBOpOB X I! X llpi! C'Oil!JllKOCHOBeHHH rj>n3 !I :38BHClli!OCTH OT HX TeM-

nepaTyphr T • 

6binO ycTaHoBneao, 'ITO nepxnml rpaaa, 6oraTHH He 3 
, ne o6nanaeT 

cnepxTeKy'leCTbJO, no Kpniiueil Mepe, no TeMnepaTyp~>r nops AKa 0,003°K, B 

TO BpeMH KaK HH>KHHH <!lllGiJ !\Cerna CBepxTeKy'la. 0AHBKO c TO CBOHCTBO OTHO-

cnTcn TOJibKO K He~ , HllXOAHIJieMyCH B rj>aae, I! 03Ha'laeT, 'ITO ero •MaKpO -

ilBlllKeHHH B paCTBope CO CI<OpOCTJ,JO, MeHbiiJe onpeaeneHH< il, He HpHBOAHT 

K .YBJie'lennro a To MoB He 
3 

• AuanorH'IHO aTOM hi He 
3 

HC 3aMe'laiOT ABH­

JKeHJHI He 4 
, paccenntHICh Jllflllh HD. ero TennoBhiX B036y}KJl· ~HHSIX n ncnhiTbi-

f\[l!l CTOllKHOllf'IIII!! IIPYI' o: :q)}J'OM. C IIOHHlKeHJI(>M TeM!10pH ':fpbl lliiOTHOCTb 

T 
3 

' T[IK 'ITO 

np11 T< 0,6°K HMII y~w MO,KJJo 1lpene6pe'lb. B 3Toi' o6na::Tn TeMnepaTyp 

nnuHa c.Bo6onnoro npoGera aToMoB He 
3 

onpenenneTcn To. IbKO nx KoHueH­

Tpauneil. B cnnan c TeM, 'ITO TennoeMKOCTb He~ , onpel enneMan 

IIJIOTHOCTbiO BOa6ylKA(>HIIIl, ll 9TOH o6naCTll TeMnepaTyp TOlle npene6pelKllMO 

7 



Mana, TepMOllHHaMII'le•:Kile CBOliCTBa paCTBOpa B HHlKHeit ljlaae OKa3bJBaiOTCl'l 

1141 
6nH3KH CBOHCTBaM l neaiibHOI"O raaa, H 0oMepaH'lYK 6biiio 00-BHllHMO-

My1 nepBbiM0 KTO ycm IUHO npHMeHHII TaKyiO MO)leiib lliil'l OllHCSHHl'l cna6biX 

pacTeopoe He3 e H1 4 
eme no ycTauoeneHHl'l ljlaaoeoro paccnoeHHl'l pacTBO-

pa. 

Han6onee HHTepE·cuolt oco6euuocTbl01 BbiTeKaiOmeli H3 ljlaaoeoli nnarpaM­

Mbi paCTBOpa, llOKa3al HOif Ha pHc.J, !IBJISieTC!I T0 0 'ITO KOI"Jla KOHUeHTpaUHl'l 

He 4 
B nerKOli ljlaae, p IBHaH ( 1 -X) 0 C DOHHlKeHHeM TeMnepaTypbl CTpeMHT­

Cl'l K HYIIIO ll ljlaaa Bb pOlKJlaeTC!I npaKTH'leCKH B 'lHCTblif He 
3 

0 KOHUeHTpaUIIH 

sh 
He 3 

B Tl'llKeJioif ljla3e 1'3MeHSieTCSI He nponopUHOHaJibHO T , KaK OlKIIllSIIOCb 

0 3/2 
pauee, a HlllKe 0,4 K Ha'li!HaeT oTcTynaTb OT aaKoua T , rrepexonH e aa-

BHCHMOCTb 

' X c 
2 

x
0 

(1 + 10,8 T ) , 

rne X O -paCTBOpHMOC~'b llpll 

CTpanO.JISI.UIIIO paCTBOpl :MOCTH 

T = 0, paeuaH 0,064 + 0,05 
1151

• OpelKIHOIO 3K­

He3 x = 0,6 T 3/ 2 
B -o6nacTb 6onee HH3KHX TeM-

rrepaTyp, ITOK838HHYIO H11 pHc.J ITYIIKTHpHOll JIIIIII!eit, MOlKHO Tenepb ycnOBHO 

11113BflTb "llllei.\Jibl!Oii" 0 ToKo OWl orpaHH'l:HBaeT o6nnCTb paCTBOpOB 0 JielKaiUI!X 

no neey10 CTOpOIIY OT 3TOii KpHBOli 0 onHCaHHe KOTOph!X B03MOlKHO B paMKaX 

Monenn uneanhHoro 1"11311. OTcTynnemre OT nneanhnoH paCTBOpi!MOCTI! npn 

cTpeMnennn TeMnepaT ;pbr K nyn10 03Ha'lae'r, 'ITO c\la3oBbili o6'heM, npHxonH­

mnlicSI Ha qacTHUy B I IMnyiibCHOM OpOCTpaHCTBe 0 HS'l:HHaeT COKpamaTbCSI 0 H 

nosToMy emmnwe eTa rncTHKH ra3a, uecymecTaeunoe e o6nacTn T ~ 0,4°K, 

JlOIIlKHO CTaHOBI!TbCH liCe 6onee onpeueJIHIOilU!M no Mepe OTCTyrrneHI!SI OT 38-

T sh • H 3 KOHa B CTOpOI y 60IIbiU81"0 COJlepl!<SliHSI e B pACTBOpe. ilefiCT!Hl-

TeJibHO, B o6naCTIJ 0 l"d8 paCTBOpl!MOCTb 6JIH3KD K H)leSJibHOH 0 TennoeMKOCTb 

H11CbiiU8HilhiX paCTI'IOpC B COOTBeTCTByeT TeiTJI08MKOCTl! HJleSJibHOI"O ra38 H 

paella 3/2 R na MO.Ib pacTBopeunoro He 3 • B o6nacTn 6onee HH3KUX TeM-

rrepaTyp TeMJIOeMKOCTb HS'l:HHaeT yMel!blllaTbCH B COOTBeTCTBI!H C ITOBeneHII­

eM TeiTIIOeMKOCTI! <jlepMI!-tll!pSKOBCKOJ:'O 1"838 1 ypaBIWHI!eM COCTOHHIJSI KOTOpO-

I"O HBJUICTC5l 

"3/2 no 1i 3 
PV = RT(l + -- -----,--), 

4 (m k T ) 3/ 2 
(I) 
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rne 
l n ~ 

ft O - 'IHCnO 'IBCTHil B enHHHile 06'beMa, paBHOe ft O = ---- "' lli n 
I -x ~ 

npH x << 1 , V -o6'heM MOnH raa a, k -nocTOHHHaH EonbllllaHa, m -Mace a 

'IBCTHil H 1i -llOCTOHHHBSI nnaHKB. 

113 ljlopMynbi ( 1) 0 B 'IBCTHOCTH0 cnenyeT, 'ITO ecnH KOf. UeHTpBUHSI H3Me-

T s/2 
HHeTCSI llpollOpUHOHanbHO , CTeneHb BblpOlKJleHHSI raa1 He MeHHeTCH, H, 

ecnu napaMeTp BbipolKJleHHH 

s/2 
1T 

4 

TO npHMeHHMa -CTBTHCTHKa EonbuMaHa. <l>opMyna ( 1), onHaKo, cnpasennnsa 

TOnbKO llpH T > Ts, rne Ts - TeMnepaTypa 

:, 'fl2 fte2/s 

T~·.....--,--­
km 

nocKOnbKY KOHUeHTpBUHSI He 3 
B paCTBOpe npH T s. 0, 1 °K llj lBKTH'IeCKH He 

MeHH9TCH 0 OCTBBBS!Cb KOHe'IHOit npH T ~ 0 , TBKOit paCTBOp MO)f{eT 6b!Tb 

OllHCBH TOnbKO MOnenbiO BblpO)f{JleHHOrO raaa <l>epMH, BHyTpeH!ISISI 3HeprHH KO­

TOporo, ecnH npeHe6pe'lb saaHMoneitcTBHeM a To MoB He 3 
Me lKllY co6oit, pas-

HB 

3 5 rr2(~) 2 
u--Nw,_[1+ l. 

5 12 w,. 

""2 ) 2/s rJle WF •--(3rr 2 
no - 3HeprHH <l>e pMH, 

2m 

LlucjxflepeHUHpyH ypBBHeHHe ( 2) 110 TeMnepaType, nony'IHM BblpB)f{eHHe 

nnH TennoeMKOCTH raaa npH llOCTOSIHHOM 06'beMe 

rJle a • 

2 

=-"-R 
2 

9 

aT, 

R - raaosaH nocTos HHaH. 

(2) 

(3) 



rne 
l n • 

II o - 'IHCnO 'laCTHU B enHHHUe 06'heMa, paBHOe II O m ---- ~ J: II 
I -x • 

npH x << 1 , V -o6'heM MOnS! raa a, k -nocToHHHaH EonbUllaHa, m -Macca 

'laCTHU H 1i -nOCTOSIHHaSI nnaHKa, 

Ha ljJopMynbi ( 1), B 'laCTHOCTH, cnenyeT, 'ITO ecnH KO!l ueHTpaUHH HaMe­

T 3/2 HSieTCSI nponopUHOHanbHO , CTeneHb BblpOlK!leHHSI raa1 He MeHSieTCSI~ H, 

ecnH napaMeTp BbipolK!leHHH 

,3/a 

4 

TO npuMeHHMa -cTaTHCTHKa EonbuMaHa, <llopMyna ( 1), onaaKo, cnpaaennHBa 

TOnbKO npH T > 'Ta, rne Ta - TeMnepaTypa BbiPOlK!leHHH ra< a 

• ila 11 a/3 
\ . 

T~ km 

nocKOnbKy KOHUeHTpaUHSI He 
3 

B paCTBOpe npH 
0 

T :s, 0, 1 K nJ •aKTH'IeCKH He 

MeRS!eTCSI1 OCTaBaSICb KOHe'IHOD npH T ~ 0 , TaKoD paCTBOp MOlKeT 6b!Tb 

ODHCaH TOnbKO MOnenbJO BblpolK!leHHOrO raaa <SiepMH, BHyTpeHKSISI 3HeprHSI KO­

TOporo, ecnu npeHe6pe'lb aaaHMoneDcTBHeM a To MoB He 
3 

Me >KilY co6on, pas-

Ha 

rne 

U-~NW [1+ 
5 F 

5 

12 

- 3HeprHH <lie pMH, 

nu~epeHUMpyH ypaBHeHHe ( 2) DO TeMnepaType, nony'IHM BblpBlKeHHe 

JlnH TennoeMKOCTH raaa npM DOCTOHHHOM o6'heMe 

a T , 

rne a .. 
( ~ ) 2/s __ m_R_k...,...._ 

3 1\2 112/3 R - raaoBaSI DOCTOl HHaSI, 

0 

9 

( 2) 

(3) 



I 

TaK KaK aTOMbi He 
3 

' 3 pacTBope He stBnstiOTCst cao6onHhiMH 'laCTHuaMH B 

6yKBanbHOM CMbiCne C lOBa, a HaXOllSITCSI B HeKOTOpOM ycpenaeHHOM none, 

coanaaaeMoM aToMaMF He 4 cornacHe c aKcnepHMeaTanbHbiM aaaqeaHeM 

TennoeMKOCTH nony'la{ TCst 1 ecnH BMeCTO MaCChi CB060AHOI! 'laCTHilbl B ljlopMy-

ny ( 3) IIOllCTaBHTb 3H ~'leHHe m "'• 2,5 m 1 Ha3biBaeMoe aljlljleKTHBHOA MaCCOA 

KBa3H'iaCTHU B paCTBOpe, 0'1eBHl(H01 BenH'IHHa m • npH H3MeHeHHH 

KOHUeHTpaUHH paCTBOp!l MOlKeT HCnbiTbJBaTb HeKOTOpbie BapHaUHH B aaBHCH­

MOCTH oT HaMeHeHHst ;pen aero noTeauaana, coanaaaeMoro aToMaMH He 
4 

, H 

aa-aa aaMeaeaHst noTE ·auaana aaaHMoneAcTBHst MelKny aTOMaMH He 3 npH aa­

MeaeHHH cpenaero pa< :cTOSIHHSI Mel!<lly HHMH, Ha HaMepeaHA TennoeMKOCTH 
/16/ 

paCTBOpOB C KOHUeHT~aUHSIMH 1,3 H 5%, npoH3BeneHHblX AanepCOHOM H np, , 

cnenyeT, 'ITO aljlljleKTHBHaSI Macca yMeHblllaeTCSI npHMepHO Ha 3% C yMeHbllle­

HHeM KOHUeHTpaUHH p. ICTBOpa OT 5 llO 1,3% H B COOTBeTCTBHH C noTeHUHanOM1 

aaeneHHhiM EapnHHhiM H np., AOOlKHa HMeTb aaaqeaHe 2,34 m npH ayneaoA 

KOHueHTpaUHH pacTBO! a, flpenrronaraH aeHaMeHHhiM noTeHuHan, coanaaaeMhiA 

aToMaMH He 4 
, H Hen• >nbayH aKcnepHMeHTanbHbie naHHbie o pacTBopHMOCTH 

/4/ 
He 3 

, MOlKHO aail:TH nonbayHcb TeopHeil: EapnHHa H np. , paaaocTb aaep-

rHil: CBSI3H oTnenbHOA KBaaH'IaCTHUbi He 
3 

B He 
4 

H B 'IHCTOM He 
3 

, KOTopaSI 

oKa3biBaeTCSI paBHoil:, no pacqeTaM YHTnH1 2nlKIMonb, a no pac'leTaM Peil:n6aH, 
/51 

c HcnonbaoBaHHeM no reauHana 36aepa - 2, I All< I Monb, Ha ycnoBHSI paB-

aoaecHH ljlaa. flpH oT.,yTCTBHH TaKoro BaaHMoneAcTBHSI Mel!<lly aToMaMH He 
3 

B pacTBope Ha Toro Ke ycnoBHSI cnenyeT, 'ITO paaaocTb aTHX aaaprHA nonlK­

Ha 6bina 6bi paBHSITbC Sl SHeprHH KBa3H'IaCTHU Ha noBepXHOCTH ¢epMH C Mac-

COM 2,34 m rrpH rrpe1 enbHOil: KOHUeHTpaUHH 6,4%, T,e, 

!! 2 x n ah 
E=NW Fe ---(3" 2 

---
0

) N =3,4nlKIMonb. 
;m* 1-x 

PaaHHUa STHX aHeprl!il: - 1,4 lllKfMOnb - H eCTb, no-BHllHMOMy, CpellHSISI no­

TeHUHanbHast SHeprHSI B3aHMOAeHCTBHSI KBa3H'IaCTHil He
3 

B paCTBope, KOTO-

paR MOlKeT 6b1Tb npJBepeHa nyTeM HaMepeHHSI OCMOTH'ieCKOrO naaneHHst He
3 

B paCTBope, Ha BenH'IHHe KOTOporo OHa llOnl!<Ha npostBnSITbCSI np!IMbiM o6pa-

30Mo EcnH aT a aena• HHa o6ycnoaneaa HaMeaeaaeM aaaHMoneAcTBHH. KBa3H-

>racTHu co caepxTeKy 'leA ljlaaoA, TO oaa, ecTeCTBeaao, ae Bhi30BeT aaMeTHO-

10 



ro naMeHeHHR ocMoTnqecKoro aasnenng, Bnngg nnmh na B€nnqnny ~eKTHB­

Holi Macchi KBaan'lacTHil B pacTBope, OcMoTH'IeCKoe aaBneJme He 3 B pacT­

Bope e:_:~~eH~~~~~~_!!o ypaBH9HH9 COCTORHHR KO"Oporo MO}I(HO no­

ny'IHTb, Bocnonb3oBaBmHcb o6meli ljlopMynoli, cnpaBeannBoli ang nro6oro raaa 

2 PV=-
3
-U, 

rae U - BHyTpeHHRR sneprng raaa, noacTaBnRR anaqenne BHyTpenneli anep-

rnn naeanhnoro ljlepMn-raaa, nony'IHM naBeCTHyro ljlopMyny 

2 5 k T 2 
P =- n W [ 1 +- ~r 2 ( --) I. 

5 O P' 12 W p 
(4) 

KOTOpag, B OTITH'IH9 OT ypaBH9HHR (J), npaBHITbHO OTpa}l(aer 3aBHCHMOCTb liBB­

neHHR OT qncna 'laCTHil B 9liHHHil9 06~eMa npn TeMnepaTyplX HH}I(9 TeMne­

paTypbl Bb!p0}1(li9HHR raaa, npnMeHRR ypaBH9HHe (4) K paC"Bopy npH m*e2.5m, 

nony'IHM ocMoTH'IecKoe aaBneHne npnMeceli He 
3 

B pacTBc •pe npn T = 0 , 

paBHoe 21,5 MM Hg n, HanpnMep, npn T = 0,1°K 22,1 MM Hg • Ecnn 

}1(9 yqecTb B3aHMonelicTBne aTOMOB He 3 , sTo naBneaue, c ·or nacHo pac'le-

TaM YuTnu, paBHO 10,6 MM Hg , a no pac'leTaM Pelin6ag - 12,2 MM Hg 

npu T-0 0 H B03paCT89T C TeMnepaTypoli ITpHM9pHO HS Ty }1(9 B9ilH'IHHy 0 

'ITO n no ljlopMyne (4). 

TaKHM o6paaoM, B aToll o6nacTH TeMnepaTyp TennoaoA BKnan B naB-

neHHe cpaBHHTenbHO Man, n Bee naBneHne o6ycnoBneHo, rn.lBHbiM o6paaoM, 

HyneBbiM llaBIT9HH9M ljlepMn-raaa, CHITbHO 38BHCRlliHM OT B3.lHMOll9liCTBHSI KBa-

3H'IaCTHil M9}1(liY co6oli, 3To aaBneHne n HMeeT pewaromee 3HaqeHne B npaK-

TH'19CKOM HCITOilb30B8HHH paCTBOp9HHR llilR nony'leHHSI CB9p>HH3KHX T9Mne-

paTyp, 

TaKHM o6paaoM, KoHe'IHaR pacTBopHMOCTh He 
3 

B !le 4 
npn T .. Q He 

RBnSieTCSI '19M-TO YliHBHTenbHhiM, a ecTb npocToe cnencTBHo cymecTBOBaHHSI 

pa3HOCTH XHMH'I9CKHX ITOT9HilH8ITOB OTli9ITbHoro STOMa He 3 
B }l(llliKOM He 3 

H }I(HllKOM He 4 , paBeHCTBO KOTOpbiX anpnopH HHOTKylla He cnenyeT, Ecnn 6bJ 

XHMH'I9CKHli noTeH!lHan, T,e, 3HeprHSI CBR3H STOMa He 3 
0 HB 11pHM9p0 B 'IHCTOM 

0 OKa3aiTCSI M9Hblli9 no a6COITIDTHOli B9ITH'IHH90 '·eM B 'IHCTOM 

0 paCTBOpHMOCTb HyneBoli npH KOH9'1HOli T9MITepaType, 

11 



B o6paTHOM cny'lae np 1 conpHKOCHOBeHHH )I(HJlKoro He 3 c 'IHCTbiM He 4 , paB­

HOBecHe B CHCTeMe MO KeT 6biTb BOCCTaHOBneHO TOnbKO 38 C'leT nepeXOLla 

onpeneneHHOI'O 'IHcna e TO MOB He 3 B He 4 no Tex nop, noKa XHMH'IecKHll no -

TeHUHan B paCTBope fe yMeHbWHTCH aa C'leT yaenH'IeHHH KHHeTH'IeCKOlt 

aHeprHH KBa3H'IaCTHU fa noaepxHoCTH ~epMH no ero aHa'leHHH B 'IHCTOM He~ 

npH STOM cna6oe Baal MOJlelicTBHe Me)I(JlY KBa3H'IaCTHUaMH He 3 
• yaenH'IHBaiO­

wee XHMH'IeCKHli noTeH~Han, npHBOLlHT K HeKOTOpoMy LlOnOnHHTenbHOMY B03-

pacTaHHIO paBHOBeCHOli KOHUeHTpaUHH paCTBOpa, 

npouecc paCTBO~eHHH He
3 

HBnHeTCH ~aaOBbiM nepexouoM nepBOI'O po-

ua, conpoBO)I(Jla!OwiiMCs· nornoweHHeM npHaeueHHoro Tenna q/T , paBHoro 

pa3HOCTH SHTpOnHli llB:·x ~aa, HaXOJlHWHXCH B TennOBOM paBHOBeCHH, T,e, UnH 

cKpbrToli TennoTbi nep< ·xoua cnpaaeun11ao paaeHCTBo 

rue 

He 3 

C' H 
p 

T C ~ T c'; 
qc :T \SeT J-T- dT-T J-T-dT, 

0 0 

c;' -T ~nnoeMKOCTH UpH fiOCTOSIHHOM .aaaneHHH paCTBopa H 

, COOTBeTCTBeHIO, 

TaK KaK Tennoe~> KOCTh He 
3 

, HBnHIOwerocH ~epMH-)I(l!JlKOCThiO, ecTb 

TaK)I{e nHHeliHaH ~yHKU HH TeMnepaTypb! 

f3 = 25 
2 /16/ 

/l)I{/Monb•rpan , 

a TennoeMKOCTb paCTI opa C 'P , KaK 6yneT noKaaaHO Hl!)l{e, npH T ~ 0,1 °K 

6nHaKa K C'v , nnH ·:ennoTbi nepexona q 

2 
q=fa-,B)T. 

nony'IHM npocToe Bbipa)l{eHHe 

Ha ocHoBaHHH ypaBHeJIIH KnaneltpoHa-KnayaHyca MO)I{Ho'Tenepb HaliTH aaa11-

CHMOCTb ynpyroCTH '!iapa' He3 B 'aaKyyMe' He 4 
OT TeMnepaTypbr, KOTO-

paH ll0n)I{H8 6b!Tb 6nH 3Ka nony'laeMoli no <jlopMyne ( 4}. 

YpaaHeHHe Knall :-repoHa-KnayaHyca MO)I{HO aanHcaTb B B.Hile 

dp 

dt 

q 

12 
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rae V1 H V 2 - MOJTSipHbie 06'heMbl napa H lKHaKolt ljla3bi, CO >TBeTCTBeHHO, 

KOTOpb!e MOlKHO C'IHTaTb 11pH HH3KHX TeMrrepaTypax ITOCTOSIHHbiMH, HHTerpH­

pyR ypaBHeHHe (5), rrony'IHM 

p T c 

rae P
0 

-aaanenHe rrpH nyneaoi! TeMnepaType, MomlpHbie <·6'heMbi c aocTa-

TO'!Hoi! TO'IHOCTbiO onpeaenRJOTCR ypaanenHeM /2 I 

noacTaBIIIISI B ljlopMyrry anSI p T 3Ha'!eHHe 
3 

V 1 = 430 CM 'MOIIb, V 2 = 

3 2 
37 eM IMonb, a = 107 aJK/MoJib•rpaa H 

2 
{3 = 25 alKIM0/1', •rpaa , ITOJIY'IHM 

Terrnoaoii 'lneH B 3TOM BbipaJKeHHH TOJTbKO na 20% 6onbllle roro, KOTOpbiii 

CJIGIWGT H3 ypaBHeHHSI ( 4) • LlnSI cpaBHeHHSI ero MO)!{HO rrep arrHCaTb B BHae 

aT 2 

3 VI 

II, CJiei~OBaTGJibHO, ypaBHeHHeM COCTOSIHHSI HaeaJibHOI'O ra3a ( 4) MO)!{HO ITO Jib-

30B<lTbCII Llllll oueHOK B rrepBOM 11pH6/IHlKeHHH, 

TaKHM o6pa3oM, cor nacHo if!H3H'IecKoi! Moaenn pacTBopE, rrpouecc pacTBo­

peHHII He 3 HBnlleTcSI ncnapenneM ljlepMH-lKHaKOCTH c rrpeapalll ~HHeM re B ljlepMH­

ra3, naxoaSJlliHi!CSJ B 'aaKyyMe' He 4 
, KOTOpblM on, no cyllleCTI y, IIBJISieTcSJ rrpn 

T <. O,I°K B cnny 6o3eBcKoro xapaKTepa 3HepreTH'IeCKoro crre KTpa B036y)!{aenHI!, 

Oco6eHHOCTbiO 3Toro rrpouecca, OTJIH'IaJOmero ero OT HcrrapeHI!SJ, narrpnMep, Toil 

lKe lKHaKOCTH B o6bl'!Hbli! ljlH3H'IeCKHi! BaKyyM, SIBJISieTCSI TOJlb~O TO, 'ITO TeiT/IOTa 

rrepexoaa eCTb KBaapaTH'IHaSI ljlyHKUHSI TeMrrepaTypbl H3-3a K<>He'IHOI! paCTBOpH­

MOCTH He 3 
rrpH TaO , 6rraroaapSI '!eMy paBHOBecHaSI yrrpyrocTI napa, pOIIb KOTopol! 

HrpaeT OCMOTH'IeCKOe aaaneRHe He3 B paCTBope, HMeeT KOHe'IHOe 3H8'1eHHe rrpH 

T=O • Ho TaK KaK B MeToae nony'leHHSI HH3KHX TeMrrepaTyp, o ~HoBaHHOM Ha ncrra­

peHHH He3aMep3aiOUJHX )!{HaKOCTei!, pelllaiOlllee 3Ha'!eHHe HMeE T TO/IbKO Belll!'IHHa 
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ynpyroCTH napa npH COCTBeTCTBYIOI!IHX TeMneparypax, yMeHbillaJOWaSICH y nJ0-

6ofi *HAKOCTH no SKCncHeHUHanbHOMy 3aKOHy 0 qro H onpeaenHeT npaKTHqec­

KHfi npeaen AOCTH*EHHH TeX HnH HHbiX TeMneparyp, HCH0 0 qro B AaHHOM cny­

qae raKoro npeaena Her, H noaToMy B npHHUHne Moryr 6biTb nonyqeHhi mo-

6bie TeMnepaTyphi. Heo5XOAHMbiM H AOCTaTOqHbiM ycnOBHeM AnSI STOI'O HBnH-

eTCH TOnbKO COOTBeTCTByJOWaSI CTeneHb rennosoQ H30nHUHH BaHHbi'Hcnape­

HHH" H noaaep*aHHe B TpaKTe yaaneHHH 'napoB" He
3 

COOTBeTCTBYJOillei'O 

nasneHHH, KaK H B 06bJ '!HOM MeTOAe, OCHOBaHHOM Ha HcnapeHHH *HllKOCTefi, 

nocKOnbKY STO aasneHJ e, KaK 6blll0 BbiHCHeHO BhiWe, cna6o 38BHCHT OT TeM-

nepaTypbl H AOCTaTOqH( BenHKO npH CKOnb yrOAHO HH3KHX TeMnepaTypaX, IIOO­

aep*aHHe ero Ha COOTieTCTBYJOilleM ypOBHe He npeACTaBnHeT KaKOfi-nH60 

TPYAHOCTH, ecnH BTOpH'IHOe HCnapeHHe He 3 
Y*e B o6biqHhiM BaKyyM IIpOH3-

BOAHTCH B apyroi1: BaHH3 npH TeMnepaType nopSIAKa 0,6°K, coeaHHeHHOM C 

nepsol1: anHHHOM rpy6Ko 1 rpe6yeMoro ceqeHHH, Eonee cno*HhiM sonpoc aaKnro­

qaercH B AOCTH*eHHH 1pe6yeMOM H30nHUHH BaHHbl nepBHqHOI'O HCnapeHHH OT 

BaHHbl BTOpHqHOI'O Hcnar eHHH npH o6ecneqeHHH onpeaeneHHOI1 nponyCKHOi! CIIO­

C06HOCTH coeAHHHTenhHJM Tpy6KH1 B KOTOpOH qepe3 CTon6 
4

He IIpOHCXO-

AHT AH<jl¢y3HH He 
3 

H3 nepBOM BaHHbl BO BTOpyJO, 3anaqa TBK*e 3HaqHTenbHO 

ynpomaeTCH Ha-aa aocraroqHo 6onbmoro xononoaanaca nH~~YHAHpyJOmero 

noToKa He 3 
, KOTOphifi ~noco6eH nornomarb renno, nocrynaromee c renno-

ro KoHua coeaHHHTenbHJi1: rpy6KH, OaHaKo Ha-aa BoapacraHHH BH3KOCTH H 

TeiinOIIpOBOAHOCTH paCT 30pa C nOHH*eHHeM TeMnepaTypbl B03HHKaiOT cepb­

e3HbJe rpyaHOCTH, onpe 1enHromae npenenbHYIO TeMneparypy pacrsopa, K 6o-

nee aeTanbHOMY paCCM< TpeHHIO KOTOpbiX Mbl BepHeMCH II03*e• 

PaccMoTpHM rene Jb sonpoc o BpeMeHH nonaepJKaHHH csepxHH3KHX reM-

neparyp. 

YcraHoBKa pa8oBoro Aei1:cTBHH 

B ycraHOBKax npo ~Tel1:mero nma, r.e. 6ea B03BpameHHH He 3 o6paT­
/3/ 

HO B saHHY pacrsopeHH,J, ocymecrsneHHhiX Yarna H ap. H B 6onee npoc-
/12/ 

TOM BapHaHTe nemKOBbl \;f , Ha nepBbiM B3I'nHn KOJKeTCH , qTo C8Mble 

HH3KHe TeMnepa• yphl HE MOI'YT noanep*HBaTbCH B TeqeHHe 3!1aqHTenbHOI'O 

BpeMeHH H3-38 cpaBHHT 3nbHO 6onblliOI'O B nJ06oi1: MOMeHT BpeMeHH Tenno-

14 
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38n8C8 OCTBIO!IlerOCSI B BBHHe p8CTBOpeHHSI He 
3 

IIO OTHOU eHHIO K Terrno-

Te rrepexoaa, IIOCKOnbKY o6e BenH'IHHbl yMeHblll8IOTCSI rrponop: lHOHBnbHO T 2 
, 

no3TOMY CT8UHOH8pHoro pelKHMB MOJKeT B006!Ile He cymeCTB<•B8Tb, T.e, B MO­

MeHT, Koraa aocTHraeTcSJ MHHHManbHaSJ TeMnepaTypa, KonH'II·CTBeHHO He 
3 

B B8HHe paCTBopeHHSI MOJKeT OK838TbCSI paBHblM HyniO, 

.UellcTBHTenbHo, Y'IHTbiBaSJ, 'ITO Tennoco.llepJKaHHe He 
3 

, HaXOJlSI!Ilerocg 

B B8HHe paCTBopeHHSil paBHO 

H-_!_(3 T 2
Q(t), 

2 

rae Q ( t) - KOnHqeCTBO MOnell He 
3 

, au<jMjlepeHUH8nbHbiM : 'p8BHeHHeM Ten-

nonoro 6anaaca SJBnSJeTCSJ 

' "" ()·? 1 1 2 aQ . aT 2 
- • \ -

2
-{3 T -.>+(3 TQ--IJ-(a-(3)T 

, .\ at,. at, . 
. i '--~-. . ,' ~ \ 

16) 

rae nepBbie JlBa qneua - nonHaSJ npoaanoaHaSJ no apeMeHH oT "ennoaanaca H, 

/) -Tenno, rroaBOaHMOe K B8HHe p8CTBOpeHHSI OT mo6b!X HC"O'IffHKOB, KOTO­

poe ang npOCTOTbl Mhl 6yJleM C'IHT8Tb nOCTOSIHHbiM, 8 nocn• laHHli qneH - Ten-. 

no, nornomaeMoe B eaaauuy BpeMeHH H3-3a pacTBopeHHSJ Ht 
3 

• 

npeanonarag, 'ITO p8CTBOpeane npoHCXOaHT C nOCTOSIHH~ll CKOpOCTb!O 

Z , MO)!{HO npOH3BeCTH 38MeHy nepeMeHHOli Q ~ Q0 -Z t , , rae Q0 - H8-

'18nbHOe KonH'!ecTBO He
3 

• Toraa rrony'IHM npocToe ypaaaeJHe c paaaenea-

Hb!MH nepeMeHHbiMH 

T T d T 
f ' f----

d t 

T 3 2 
o (a- 2 (3)ZT -IJ 

rraTerpupySI KOTopoe B yKa3aHHhiX npeaenax, nony'IHM 

(7) 

AHanH3Hpyg pe!IleHHe ( 7) t BHaHM, 'ITO MHHHM8nbH8SI Te MnepaTypa 

T e 1--8
....----

mln Z ( a _ _1_ (3 ) 
2 
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I 
I 
I' 

I 

JlOCTHraeTC!I neliCTBI!TenbHO B MOMenT epeMeHH t e Qo I z • T.e., KOI"Jl8 38-

nac He S B B8HHe paCTBOpeHH!I paBeH Hymo, H TeM HH>Ke, 'leM 6b!CTpee npo-

H3BOJIHTC!I Hcnapenne He 3 
• Heo>KHilSHHbiM, na nepBbill B3rnllll, liBnlleTcll TO, 

'ITO JlOCTHI"SeMall Tet. :nepaTypa 
T "''" 

He 38BHCHT HH OT H8'18nbHOI"' KOnH-

, HH o· r ero TeMnepaTypbi T 0 • no3TOMy B npnnunne neT He-

06XOJIHMOCTH, HanpHt. ep, CTpeMHTbCll Bbi6Hp8Tb H8'1anbHOe 3H8'1eHHe T M8K-

CHM8nbHO HH3KHMo 

, B Te'lenne KOToporo MoryT nonnep>KH-

B8TbC!I TeMnepaTypbl HH>Ke T , H3 tPoPMYnbi (7) nonyqaeTCll Bblpa>KeHHe 

(8) 

n, ecnn, uanpnMep, T 0 IT tnln • 4 , To, npHHHMaH a I f3 = 4,3, npn T ~ 2 T "''" , 

<~TO epeMH 6yneT paeno 0, 75, a npM T = 1,4 T min - 0,62 OT 

nonnoro epeMeHif UHK na, B TO epeM!I KaK npn T0 I Tmln = 10 OHO paBHO 0,54 

n 0,44 npn Tex >KC TeMnepaTypax, COOTBCTCTBeHHOo 

TaKHM o6pa3oM BllllHM, 'ITo, xoTH cTaunonapHbiH peJKnM npn 8 = const 

OTCYTCTeyeT, pacTBOJ •enne 3Ha'lnTenbnoil: MaccLr He 
3 

nonJKHO nponcxonnTb 

npn TeMnepaTypax, 6.!1l3KI!X K T min npn BbiKniO'ICI!Illl BHCIU!Ieii TCITflOBOii 

narpyaKn 8 , O'ICBI llH01 8BTOM8TH'ICCKil B03HHK8CT CT8UHOHap!IL!ii pCll(HM, 

TaK KaK ocTaemeec!l rerrno nen36e>KHO 6yneT B03pacTaTb c rronn>KenneM TeM­

nepaTypbr 113-38 peaK :JI"O B03pacTaHH!I TpCHJI!I JlllljJ<!JyHilHpy!OIUCI"O ITOTOKa He 
3 

0 CTCHKII Tpy6Kif. no ITOMy llOfllKCH CYU!CCTBOBaTb T8K>Ke OITTIIM8flbHblii pe>KHM 

cKopocTn ynanenn11 I :e 3 
, 3aBHC!IIUIIii oT reoMeTpM'!ecKnx napaMeTpoB ycTa­

HOBKn, KOT0ph!11 MOlKE T 6b!Tb B npiiHUHne Hallnen rryTeM pemeHI!!I ypaBHCHHll 

( 6) 'II!Cnei!Hb!MII MCTOJl8Mif llpll 38/laHI!Il BCn!I'II!Hbl 8 K8K ~YHKUIIH TeM-

nepaTypbl ll CKOpOCTII OTK8'1KI!, 

CnenyeT aaMeTETb, 'ITO nony'!eHHLre BbiBOilLI eepHbr TonbKO npn oTcyT­

CTBIIII aaMeTnoro rpa wenTa TeMnepaTypb! He 
3 

B eanne pacTeopennH, TaK 

KaK npennonaranocb, 'ITO TeMnepaTypa He3 B mo6ofr MoMenT epeMeHH pae­

lla ero TeMnepaType 1a rpannue paccnoeHI!!I pacTBopa. B npoTIIBIIOM cnyqae 

ana'IMTenbHall qacTb fie 
3 

6yneT ncnapena, npeJKae '!eM TeMnepaTypa ero 

npn6n!f3HTC!I K T mln 

16 



0cHOBHbiM He.QOCTaTKOM YCTaHOBKH pa30BOI'O .Qei!CTBI lSI SIBIISieTCSI BCe 

~e Heo6XO.QHMOCTb KOH.QeHCaUHH H npe.naapHTeiibHOI'O OXIIa~eHHSI 60IIbWOI'O 

KOIIH'!eCTBa He S 1 B03paCTaiOUlero nponOpUHOHaiibHO .QIIHTHIIbHOCTH 3KcnepH­

MeHTa H Tpe6yeMOi! XOIIO.QOfipoH3BO.QHTeiibHOCTH ycTaHOBKH b "" Z , 0AHaKO 

.rtH!jMflyH.rtHPYIOillHil noTOK He s HMeeT .nocTaTO'IHO 6onbwoi! >ono.noaanac H cno­

co6eH He TOIIbKO nornomaTb Tenno, nocTynaiOmee c Tenno ~o KoHna coe.rtHHH­

TenbHOi! Tpy6KH1 HO H OXIIa~aTb o6paTHblil fiOTOK He S fi)18KTH'!eCKH .QO TSM-

nepaTypbl paCTBOpa, fi03BOIISISI C.QenaTb npOUeCC paCTBOpSf.HSI CTaUHOHapHbiM, 

B aTOM cny'!ae HH xono.nonpoH3BO.rtHTSIIbHOCTb1 HH .nnHTeJ lbHOCTb pa6oTbi yc-

TaHOBKH 60IIbWe He 3aBHCSIT OT HCfiOIIbayeMOI'O KOIIH'ISCTI a He~ orrpe.ne-

IISISMOI'O TOIIbKO reoMeTpH'!eCKHMH rrapaMeTpaMH yCTpoi!CT3a1 'IT01 6e3yCIIOB­

H01 B CHIIbHOil CTerreHH paCWHpS!eT 3KCITepHMeHTaiibHbie BO 3MO~HOCTH ripH HC­

riOIIb30BaHHH yCT8HOBOK TaKOI'O THna, K 6onee .QeTaiibHOMy pacCMOTpSHHIO 

KOTOpb!X Mbl H rrepei!.QeM, 

YcTaHOBKH HenpepbiBHoro .neilcTB 1H 

flpHHUHITHaiibHaSI CXSMa ycTaHOBKH1 pa6oTaiOUlei! ITO <:aMKHYTOMy UHKIIY 

pacTaopeHHSI He' , rrpHae.neHa ua pHc,2. YcTaHOBKa coc"OHT na BaHHbi nc-

rrapeHHSI A, ripOTHBOTO'IHOI'O Terrnoo6MeHHHKa B H BaHHbi paCTBOpSHHSI C 

HaxotiHillHlicSI a aepxuei! '!aCTH BaHHbi C He
3 

aenpepbiBHo pacTeopsJeTCH co 

CKOpOCTbiO Z Ha rpaHHne paa.neneHHSI 4laa D , nepexo Ul a pncTaop, a a-

fiOIIHSIIOillHil OCT81IbHYIO '!aCTb BSHHbl C 1 OJlHH H3 KaHaiiOE TSITII006MSHf;HKa 

B H HSKOTOpyiO '!aCTb BaHHbi A 1 SCIIH Ha nyTH MS~Jl) BBHHIIMH A H C 

cymeCTByeT HSKOTOpbiil Maiibiil1 no cpaBHSHHIO C p 1 fiE penan OCMOTH'!SC-

KOI'O JlaBIISHHSI fl. p 

H3 BSHHbl A ·c riOMOillbiO BHSWHSI'O HaCOCa I B03Bp8Ul8HH8 B 

BaHHY C qepea .npyroil .KaHan Terrnoo6MeHHHKa B 

CKopoCTb OTKa'!KH rrapoa He~ orrpenenSieTcSI rrpoH3IIOJlHTenbHocTbiO 

HSCOCa H Jl8BIISHHSM rrapOB He3 
Hall ypOBHeM ~HllKOCTH E BSHHS A 1 KOTO­

poe O.QH03H8'1HO OllpSJlSIISISTCSI KOHUSHTpauHei! H TeMrrepaT: "poi! paCTBopa B 

BaHHe, flOCIISJlHHI! rrapaMeTp MO~ST 6b!Tb ripOH3BOIIbHO 38118H C riOMOWbiO 

HarpeBaTSIISI1 paCfiOIIOJKSHHOI'O B BaHHS A , 'ITO H IT03BOII ~ST perynHpoBaTb 
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qepea CKOpOCTb OTKaqKH CKOpoCTb paCTBOpeHHH H CBH3aHHYil C Heft XOflOQ0-

1IpOH3BOQHTenbHOCTb yCTaHOBKH B IIpenenax, OIIpenenHeMblX tOHCTpyKUHeA KpH-

OCTaTa H 1IpOH3BOQHTenbHOCTb~ HCIIOflb3yeMOro HaCOCa. 

Pewa~mee 3H8'teHHe AnSI pa60Tbl ycTaHOBKH TaKOrO T~IIB HMeeT BenHqH­

Ha paBHOBeCHOA KOHUeHTpauHH He 3 
B TennoA 'IBCTH paCTB0]'81 OIIpenenSieMaSI 

BenHqHHOA OCMOTH'teCKOrO QaB/IeHHH1 QeJ;lcTBY~IUero B CHCTE Me, H TeMnepa-

Typoit paCTBOpa. B nepBOM 1IpH6nHJKeHHH OCMOTHqecKoe QaBIIeHHe BC~AY IIOC­

TOSIHHO H, KaK Mbl BHQe/IH 1 oqeHb C/Ia50 3aBHCHT OT TeMnep lTypbl B BaHHe 

paCTBOpeHHSI. Lluqxpy3HOHHblit IIOTOK1 ABHraHCb BAOflb TellflOOf ;MeHH>iKa, HCIIb!Tbl-

BaeT HeKOTOpy~ IIOTep~ QaBneHHSI1 KaK H3-38 TpeHHSI 0 CTe IKH KaHBIIOB, TaK H 

OT neACTB.HSI Q>oHTaHHOrO QaBneHHH 1 n~elt!!TCTBY~IUero AHQ>Q>ylHH 1 KOTOpoe cy­

mecTBeHHbiM CTaHOBHTCSI TO/IbKO B61IH3H BaHHbl HCIIapeHHSI. JlnH HOpM8/IbHOit 

pa50Tbl ycTaHOBKH IIOTepH OCMOTHqecKore naB/IeHHH HB npecQO/IeHHe CHII Tpe­

HHH QO/IlKHbl 6biTb HeBe/IHKH1 ecnH IIpHHSI'I'•I Mepbl RpoTHB r{:BBHTBUHOHHOit 

HeycToitqHBOCTH paCTBOpa. noTepH JKe H3-3a Q>oHTaHHOro QaJ/IeHHH pe3KO BOa­

pacTa~ TOIIbKO B o6naCTH TeMIIepaTyp 60/IbWe 0,7°K, rne ~HTpOIIHH He
4 

HCIIb!TbiBaeT pe3KHA IIOQ'beM Ha-aa IIOHB/IeHHH B03 6yJKQeHHA poTOHHOro THIIa. 

noaTOMy paayMHO orpaHHqHBBTb TeMnepaTypy BaHHbl HCIIapei!HH o6naCTb~ 
0 . 

(0,6 t- 0,7) K, rne Q>oHTaHHoe naBneHHe aaMeHHeTcH oT 0,2~ no 0,51 MM Hg, 

PaBHOBeCHaH KOHUeHTp8UHH paCTBOpa C IIOBbiWeHHeM ero Te .mepaTypbl llOIIlK­

Ha yMeHbW8TbCH1 qT06bi· OCMOTHqecKOe QaBneHHe OCTaBB/IOCI BC~AY IIOCTO­

HHHbiM1 H MOJKeT 6b!Tb HaitQeHa B IIOOOit TOqKe, eC/IH B Heit H3BeCTHa TeM­

nepaTypa H3 ypaBHeHHH COCTOHHHH Q>epMH-raaa ( 1) 1 a IIpH " > 0,2°K II poe­

TO H3 ypaBHeHHH COCTOHHHH HAeanbHOro raaa, IIOACTBHOBKOit B Hero OCMO­

THqecKoro naBneHHH He 3 B pacTBope. Haxons. aaTeM I>THomeaue MO-

nHpHbiX o6'heMoB He 4 

= 0,6°K 

X • 

H He3 
B pacTBOpe, nonyqHM, HaiipHMep, npH T = 

V4 p OCM, 
-----'= 0,008. 

npa yBenuqeHHH TeMIIepaTypbl BaHHbl HCIIapeHHH C IIOM Jlllb~ HarpeBaTe/IH 

KDHUeHTpaUHH paCTBOpa B Heit XOTSI H yMeHbWaeTCH /IHHeitHO C TeMnepaTy­

poit, ynpyrOCTb napa He 
3 

HaQ HHM, HeCMOTpSI Ha yMeHbWSK wee neitCTBHe 

B TBKOH JKe CTeneHH 3aKOHa PaynH, Bee JKe B03pacTaeT B CiiiY IIpoSIB/IeHHSI 
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aaKoHa KnallnepoHa-K. tayaayca, cor nacHo KOTopoMy ynpyrocT& napa H3MeHH­

eTCSI B nepBOM npH6m lKeHHH no 3KCnOIIeHUHSnbHOMY 3aKOHY 

p .. e 
-q/k T 

rAe q -TennoTa HCnapeHHSI lKHAKOCTH. EnarOASpst 3TOMY HMeeTCSI B03MOlK-

HOCTb npOCTOll perynHpOBKH CKOpoCTH YAaneHHSI He
3 

H3 paCTBOpa H1 COOT­

BE!TCTBeHHO, CKOpoCTH ero pacTBOpeHHSI B HHlKHell BaHHe. TaK KSK TennoTa 

HcnapeHHst He 
3 

H3 pa c:TBOpa, no Kpaiiaeli Mepe, MeH&we TennoTbt HcnapeHHst 

'IHCTOro He 3 
1 KOTOpa 11 B CBOIO O'lepEiAb, npHMepHO B 2,3 pa3a HHlKe1 't:eM 

y 'IHCToro He 4 , Koa·teHTpauHst He3 
B napoBOli cjlaae npH T .. 0,6°K oKaabt-

BaE!TCSI 6nH3KOii lOO'Jb H ynpyrocT& napoB He3
-oKono 0,006 MM Hg • 3To 

n03BOnsteT HCnOnb30B8Tb AnSI yAaneHHSI napoB He 3 H3 BaHHbl HCnapeHHSI 06bt'I­

Hbte J:tH<!KPY3HOHHbie 6y•:TepHbte HaCOCbi 0 o6naJ:tatotUHe npn TaKOM AaBrreHHH MBK-

CHM811bHOH CKOpOCTbiO OTKa'IKH. 

TaKHM o6pa30M 0 cpaBHHTen&HO BbiCOKast KOHileHTpaUHSI paCTBOpa B BaH­

He HCnapeHHSI1 o6ycno JneHHast BbiCOKHM OCMOTH'ieCKHM J:lSBneHHeM, J:teiiCTByto­

IUHM B CHCTeMe1 npHB•lJ:lHT K TOMy, 'ITO He B03HHKaeT cepbe3HOii npo6neMbl 

C paaJ:teneHHeM H30TO 10B0 H 1103BOnHeT 3aMKHyTb UHKn B npenenax OUHOlt H 

Toii lKe ycTaHOBKH 6ea ;oopylKeHHst "cjla6pnKn" no paaueneHnto naoTonon. HeKOTO­

paH HenpHHTHOCTb soa1 HKaeT TOrrbKO na-aa csepxTeKy'leii nneHKH He 4 , HcrrapSito­

meiicH Ha TenrrOM y•taC rKe TpaKTa OTK8'1KH 1 KOTOpyto cnenyeT orpaHH'lHBUTb UH­

a<!JparMOii, o6nanaiout·~li cpaBI!HMLIM c TpaKTOM OTKB'IKH conpoTnsneHneM. OnHa­

KO MOryT 6btTb HCll011b 30BaHbl H npyrne OpHeMbi 0 TaKHe KaK OTC8ChlB8HHe He 
4 

c noMotU&IO cnepxTeKy'lero <Pnrr&Tpa H3 oTCTOlii!HKa, pacnonolKeHnoro, nanpn­

Mep, MelKUY ceKUHSIM I Tennoo6Mei!I!HK8 npH TeMrrepaType OKOI10 0,2°K, o6-

paTHO B nanny ucnapennst, nn11 nyTeM "aaMbtKaHHH" nneHKll caMoli Ha ce6H B 

yaKoii menn nepeKoHn<·Hcauueii ee Ha xononHoii rronepXHOCTH nonsonoM Terr-

118 K Terrnoii CTeHKe C T HarpeBaTel1st1 HCI1011b3yeMOI'O T8K HI1ll Hllll'le AI1SI HC-

rrapeHIISI He 3 
H3 B<•pXHeii BllHHbl BO BpeMSI pa60Tbl ycTlliiOBKHo 

Pe<PpnlKepaTop, J•a6oTatotUHii B l!errpepbiBHOM pelKnMe rro cxeMe, nao6-

palKeHHOH H8 pnc.2, If 311SieTCSI ycTpOiiCTBOM C Clfl1bi!Oii 11011CllKHTerrbiiOH o6paT­

HOii CBSI3bl0. ileiiCTBIITel1b1100 '!eM IIHlKe TeMIIepaTypa llOCTYli810Uiei'O B Ball­

BY pacTnopei!JISI He 3 ,TeM HHIKO Te!l.mepaTypa pacTnopa n uelt, •tTo, B cno1o 

20 



O'lepellb~ npRBOilHT IC nan&HeltweMy ITOHHlKeHHIO TeMnepa'l')'pbi1 110 KOTOpolt yc­

neBaeT Oltn8lKI18TbCR llOTOIC He' H Tello~ llOIC8 He R8CTYil8eT paBROBecue, on­

penelllleMoe, B ICORe'IHOM RTOre, TOni>KO BenH'IHHOA H ICS'IeC':'BOM RCilOn&3yeMO­

ro Tennoo6MeHHHKa, OxnalKileaHe noTOKa He' B rrpHHUHITe B03MOlKHO no TeM­

nepaTypbl pacTaopa, T,K, Tenno, Koropoe pacTBOp cnoco6eH nornoTHT&, Har­

peaaRc& 110 TeMnepaTYpbl ITOCTYITSIOWero He3 
, B ReCKOn! KO pa3 rrpeBbiWS­

eT Terrno3arrac uupKyllllpyJOwero He' , Cep&e3HOA npo6ne~lbi ae cywecTByeT 

npu oxnalKileHHH rroToKa He' no TeMrrepaTypbl nop1111Ka 0, 1°K, o6ecne'IH-

BaJOweA nonyqeaae TeMrrepaTypbi pacTaopa oKono 0,03°K, noaroMy rrpHMeHH­

Mbl Terrnoo6MeHHHKH nJ06oA KOHCTpyKDHH. Ouaaxo npa nan&aeAweM ~ 

TeMrrepaTyp&I B03HHKSIOT TPY.IlHOCTH, pe3KO aoapacTaJOwHe n:> Mepe nponaa­

JKeHHH Brrepe.a. 8 CBR3H C aTHM rnaBHOlt 38118'1elt, KOTopyiO cnenyeT pewaTb , 

IIBITII8TCII OITTHMH38UHII Terrn006M8HHHK8, OT peWeHHII KOTOp< It 38BRCHT rrpe­

nen&HSII TeMrrepaTypa, llOCTHrSeMSSI B YCTSHOBKSX 3TOr'O Til na. 

EllHRCTBeHHO HSJlelKHbllt H llpHeMneMbllt nyT& ITOHHJKeHIIII rrpeJlenbHOlt TeM­

rrepaTyp&I, llOCTHraeMOit B CT8DHOH8pHOM pelKHMe, 38Knl0'18eTCII 0 ITO-BHilHMO­

My, B peaKOM ysenuqeaua pa6oqelt noaepxaocTH Terrnoo6Me IHHKa aa C'leT cse-

neHHII K MH~HMYMY paCXOI18 He J Ha eJlHHHUY ITOBepXHOCTH, 

06MeHHHK, aaa6onee nonHo ynoaneTBOPHIOwHA aTHM yj:JJOBHIIM, 6biJJ rrpell-

131 
ITOlKeH II HCIT01Tb30B8H B pa60T8X YHTnH H liP• , 0H H3roTOBnHeTCII rryTeM 

cneKSHHH 6noKoB H3 MellHoro rropowKa, coe.aHHHeMbiX 3aTe!v nocnenoBaTenb-

110 rrpH coxpaHeHHH B38HMHOH TerrnoBOlt H30n!IUHH, 06MeHHHI; TaKoro THITa MO)(<-

HO H83B8Tb CTyrreH'ISTbiM HnH CeKUHOHHbiM 0 B OTITH'IHe OT ICITOITb3yeMOro 

06bi'IHO HeiTpepbiBHOro, B KOTOpoM rpanHeHT TeMrrepaTypbl IIBITI!eTCH Herrpe­

pblBHOti tPYHKUHeti, 

Terrnoo6MeHHHKII 0 CITe'leHHbie H3 rropOlllKa, HMeSI Heym.pHilO'leHHYIO CHC­

TeMy K8H8ITOB, OK83biB810T erne JlOBOITbHO 6onblllOe COilpOTHJ.ITeHHe ITOTOKy, 

ecnH aepHa rropornKa HMeiOT pa3Mepbi naJKe rropHnKa .aecHTROB Mi!KpoH, no8-

TOMy JliTSI ITpi!MeHeHHII B OUJJ8CTH TeMrrepaTyp CyiUeCTBeHHO HHlKe 0,01°K Tpe-

6yeTCSI Hx MOilHtPHK&UHR. B Haweti na6opaTOpHH 6bJna npenr pHHHTa rrorr&ITKa 

H3r'OTOBHTb 8H81TOr'H'IHbiii Terrno06MeHHHK CO 3H8'1HTeJJbHO ( OJJbllleH IIOBepx-

HOCTbiO C yrrOp5IIlO'leHHOi! CTpyKTypoti K8H81TOB rryTeM CITeKa ~HH 6noKOB 0 na6-

paHHbiX H3 TOIIKOII rrpo.PHnHpOB&I!Hoil <PonhrH 
1 171 , TaKnM c: Ioco6oM MoryT 

6i>ITb H3£'0TOBJJeHbl H3 Melli!OH <jJOJJbf'H TOJJWHIIOIO 15 MK 6p~ CKII, HMeiOIUIIe 
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PHc,3. KoacTpyKUHl OT~enbaoA ceKUHH Tennoo6MeHHHKa, H3POTosneaaoro 
H3 Me~HOil C>OnbPH MeTO~OM ~H!pljly3HOHHOA CBapKH B BaKyyMe, 
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npononhHhie KaHanhi paaMepaMH nopSIAKa 10 x 200 MK, 'ITO noaBO;IHeT ewe cywec;T­

BeHHee CHB3HTb paCXO.ll He 3 
H8 e.nHHHUy llOBepXHOCTH H yMeHbWIITb COilpOTHB­

neHHe, OK83hiBBeMoe noTOxy, aa cqeT paapa6oTKH cneunanbHoir KonneKTOpuoA 

CHCTeMhlo ll03BOilSIIOWeil MeHSITb COilpoTHBneHHe 6noKOB B WHpcoKHX llpe.nenax. 

117/ 
J1crronb3YSI TSKYIO CHCTeMy, 8BTOpaM y.nanocb nony'IHTb ll CT8UHOH8pHOM 

peJKHMe TeMnepaTypy •8m° K npu cxopocTH UHpKynSIUHH He 3 , paBHoA 

-4 
10 MOnb/CeK. 0AH8KO Terrnoo6MeHHHKH TaKoro THil8 6yAyT, ~0-BHAHMOMy, 

o6nanaTb cyweCTBeHHblMH HeAOCT8TKBMH KBK H3-3a CnOlKHOCT H HX H3rOTOBile­

HHSI0 TBK H H3-38 CllOlKHOCTH KOMMYHHK8UHil, llpHBOliSIWBX K B( apaCTBHHIO acjl­

<PeKTHBHOrO pacxona lKHAKoro He 
3 

Ha ennHuuy rroaepxHocTH. noSTOMy HaH-

6onee rrepcrreKTHBHOil SIBilSieTCSI paapa60TKB THila Terrnoo6Mel HHKB0 SIBilSIIOWe­

rOCSI nenpephlBHhiM H o6naA810WBM TeMH JKe napaMeTpBMH, C J>OTOpb!MH MOlKHO 

naroToBHTb ceKUHOHHhiil Tennoo6MeHHHK. HeT coMneHHSI, 'ITO , aKHe Tennoo6-

MeHHHKH MoryT 6b!Tb H3rOTOBneHbl0 H MOJKHO OlKHABTb, 'ITO OJ H 3aiiMyT npoq­

HOe MeCTO B 6nHJKaiiWHe rOAhl B TeXHHKe nony'leHHSI CBepXHH3KHX TeMrrepa­

Typ, a ITOKS HX HeT, 38AMeMCSI BbiSICHeHHeM HX npeBMYWeCTB If ewe 6onee 

llpoCThlMH BOilpoCaMH. 

XononorrpoH3BOAHTenbHOCTb B CTBUHOHBpHOM ll)~Uecce 

npouecc paBHOBeCHOro paCTBOpeHHSI0 llpoTeKBIOIUHil B C' '8UHOHapHOM 

peJKHMe, SIBilSieTCSI H30TepMH'IeCKHM o6paTHMbiM npoueCCOM, C JBepWBIOWHMCSI 

llpH llOCTOSIHHOM AaBneHHH, ll09TOMy nerKO MOJKeT 6b!Tb Hall.t eHO Bhlpa>KeHHe 

.nnH TeMnepaTyphi npouecca qepea TeMnepaTypy nenpephiBHO ~ocTynaiOwero 

noTOKa KOHUeHTpHpoBaHHOA <Paabi He 3 
• ToT <PaKT, 'ITO TeMne~aTypa nocTy-

na10wero a BaHHy pacTBopeHHH He 3 HBMHOro OTilH'IBeTCSI or TeMnepaTy-

phi o6paayiOwerocH B npouecce pacTBOpeHHSI pacTBOpa, He Me naeT paccMaT­

pHBSTb npouecc K8K H30TepMH'IeCKHil0 H60 H3-38 OTCYTCTBHSI rennoBOrO COilpO­

THBileHHSI Ha rpaHuue paaneneHHH <Paa nepexon aToMoa ua BefXHell <Paahl a 

HHlKHIOIO rrpOHCXOAHT llpH BITOnHe OrrpeneneHHOll TeMilepaType r O • B 38BH-

CHMOCTH OT TennonpOBOAHOCTH BepxHell <Pa3bl0 B Hell CyiUeCTB:•eT Ollpe.neneH­

Hbill rpaAHeHT TeMrrepaTyphi0 H npaKTH'IeCKH BCe Terrno, BHOCI MOe B B8HHY 

paCTBopeHHSI IJOTOKOM He 3 
, ITOABOAHTCSI K rpaHHUe paccnoef!HSI H norno-

waeTcSI npn pacTBOpe;mn. 
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6bi/leiiliM MbiCHeHHO HeKOTOpyiO ManyiO o6naCTb KSMepbi paCTBOpeHHSI1 

pacnonoJKeHHYIO no o6e CTOpOHbl rpaHHUbl paccnoeHHSI1 K KOTOpOit l10/lBO/lHT-

CSI noTOK Tenna q npH TeMnepaType T 0 1 TSK 'ITO npHBeJ:teHHbiit no-

TOK Tenna B /lllHHO~ cny'lae ecTb npoCTO 

rne f k -nOTOK KH IeTH'IeCKOit 3HeprHH, nocTyl18IOIUeit B B8HHy C l10TOKOM 

He 3 

TOKS 

1 KOTOpb!M M )lKHO npeHe6pe'lb, T 1 - TeMnepaTypa nocTynaromero no-

z -llenH'IHHa noToKa He 3 
, B&IpaJKeHHaSI B Mon&/ ceK, H C" -

p 

MonSipHaSI TennoeMKI •CTb He3 

nornOIU8IOIUHitC SI npHBeJ:teHHblit noTOK Tenna /lOnJKeH pOJK/lSTb rrOTOK 3HTpo­

nHH Ha rpaHHUe nor lOIUeHHSI Tenna, KOTOpbiil paBeH pa3HOCTH ITOTOKOB Hll Bbl-

xone H sxone Bbi/leneHHoro KOHTypa, T.K. 3HTponHSI caMoro KOHTypa B cHny 

ycnOBHSI CTSUHOHapH>CTH He MeHSieTCSI BO BpeMeHH (rpaHHU8 HeiTO/lBHlKHa). 

TaKHM o6paaoH
1 

• • To C' .To C" Z Tl 
AS c S 

1
- S

2 
= Z f __ P_ d T- Z f __ P_ d T = -- ( C" d T 

0 T T T
0 

P 
To 

, nony'IHM 

H 

EcnH K BaHHe paCTBOp8!1HSI /lOITOnHHTen&HO l10/lBOJlHTCSl CTaiiHOIHlpi-ILlH 

ITOTOK Tenna q O 1 He CBSI38HHblit C ITOTOKOM He 3 
, TeMrrep2Typa pacT-

BOpa 6yneT M8HS!TbC SI 0 KAK 

IIOKa T8MI1epaTypa T q He cpaBHSieTcSI c T 
1 

, T,8, HpH 
~ 

2t;z- {3 
T q :::_ T 0 v'--13-

24 
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PHc.4. XononorrpOII3BOilHTenhHOCTh cTyrreHH pacTBopeHHSI 11 HenpephiBHOM 

pelKHMe, 

25 



I 
L 

HCTO'IHH K Tenna, CBSI38HHbiH C UOTOKOM He! ,Hc'IeaaeT, TaK _"' ___ _ 
KBK npH nanbH9Hlii9M U< Bbilii9HHH TeMnepaTypb! paCTBOpa TeMnepaTypa He 3 

ocTaeTcSI 6nHaKoll K aet. Torna 

( 10) 

3aBHCHMOCTb XOnC 00UpOH3BOAHTenbHOCTH ycTaHOBKH OT T9MU9p8Tfpbi 0 

onpenenSieMaSI <jlopMynarm ( 9) H ( 10), noKaaaaa aa pHc:'8.._~aK ljlyHKUHSI OTHo-

CHTenbHoll TeMnepaTypEI. CpaaaeHHe sToll KpHaoll c HMSIOliiHMHCSI sKcnepHMeH­

TanhHhiMH peaynhT8T8Mif UOKa3aHO Ha pHc.5. 

31jlljlEKT ll)l{oynSI -TOMCOH8 UpH ApOCC9nHpOB8HHH 

paCTBOpa 

llnSI OU9HKH AOUOJ1HHT9nbHb!X HCTO'IHHKOB Tenna, KOTOpb19 MOryT B03-

HHKHyTb H3-38 ApOCCen 1pOBaHHSI paCTBOpa, H906XOAHMO paCCMOTp9Tb BOUpOC 

o6 sljlljleKTe n)l{oynSI-To v!COHa B paCTBope. 

llHijlljlyaHSI a To MOB He 
3 

a pacTaope npoHcxonHT non nellcTBHeM nepe-

nana OCMOTH'I9CKOro At Bn9HHSI f'l p , A9HCTBYIOlll9rO Ha nyTH OT BaHHhl paCT-

aopeHHSI no aaHHhi HCUE peHHSI. Pa6oTa, coaeplllaeMaSI npoTHB cHn TpeHHSI Ha 

STOM nyTH, paBHa 

•• ~ !'! p s v "!'! p !'! v, 

r.ne f'l V - 06'beM raaa HnH )l{lfAKOCTH, npOT9IS:8IOIU9H B 9AHHHUY Bp9M9HH. 3Ta 

pa6oTa npeapamaeTCSI I Tenno H Bhi3biBaeT aarpeaaHHe noToKa Ha aenH'IHHY 

!'! T , onpenenSieMy 10 paaeacTBOM 

TaKHM o6paaoM, 

!'!V 
A·--C !'!T. v p 

(11) 

rne V H Cp -MOnSipf b!H 06'h9M H MOnSipHaSI TennoeMKOCTb, COOTB9TCTB9HHO. 

11cTHHHhiH sljlljleKT aarpeaaHHSI aa caMOM nene acerna MSHbllle aenH'IH­

Hhi, naaaeMoll ljlopMyno i ( 11), Ha-aa oxna)l{neHHSI raaa HnH )l{lfAKOCTH acnen­

CTBHe paCliiHp9HHSI 0 H !'. 0)1{9T 6biTb H8HA9H H3 ypaBH9HHSI 
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,HC'le3aeT, TaK \ \ 
-·---
nepaTypa He 3 \ 

\ \ 
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( 10) \ ~ .... ~ 
!-o 
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I \ ~;::: 

~ ~ 
F-

TeMnepaTypbi, 

itP-

<:\, 
0.' 

9.K IPyHKUHll OTHO-

Q) 0. 

f't) \ \ 
t: <::( 

=< :s: 

iMHCll 3KCITepKMeH-
c:::s ~ 

Q) 

\ 
<:::) !-o <\1 

II \ 1'1) Ill 

~ 
Q) 0 

N \ 
=< () 

1' \ :s: :s: 

~ 
,. 0. 
Q) 0 

\ \ o.Ul 

tOB8HHH ~ =< ~ 

~ \ \ ~ 
0 "' 

~ 
:z: :z: 
Ill :z: 

II \8\ 
- <\1 
~<::( 

Jb!e MOryT B03-
N ~ I-.._ 

\ ~ t: "" 

:cMoTpeTb Bonpoc 

Q)0' = .. 
\ \ <:::) 

Ill :s: g. 

\ \ 
~ ~ :s: 

C\1 "' ;.., !-o 0. :s: 
neilcTBHeM nepe-

yTH OT BaHHbl pacT- \\ 
;.., r... t;: = <\1 !-o 
r... = :s: 

B CHn TpeHHll Ha \\ ~ >:S: » 
() 0 Q) 
0 Ill -

\ <::( 0 "' 
t;: = 

"' t: = !-o Q) <\1 
() !-o <::( 
0 :< >:s: I 
:s: Q) 

~~I!J 
BpeMeHHo 3Ta HUY ~ ~~ 

cry Ill 

OK8 H8 BenH'lHHY .q 
() 
:s: 

0.. 

(11) 

Tb, COOTBeTCTBeHHO, 

a MeHbWe BerrH'lH-

H JKHJJ.KOCTH Bcnen-
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iT 

i p 

orrHChiBaJOmero nu¢ :flepeHunanbHhiil 3<jl<jleKT llJKoymi-ToMcoHa. 

QqesnnHo, rrepBhiil qneH B aToM ypasneHHH naeT oxnaJKneHne rroToKa 

( 12) 

scnencTBHe pacmHJ,eHHH, a BTopoll y'!HTbiBaeT HailneH!Ihiil Bhillle S(jl(jleKT Harpe­

saHHH H3-38 TpeHl H 0 CTeHKH Tpy6KH, 3HaK H BenH'!HHa peaynbTHPYIOIUero 

3<jl<jleKT8 38BI!CS!T <T 3ll8'!ei!I!H 11pOH3BOJlHOM 
av (aT \1> , orrpenenHJOllleil senn-

'!lillY 3<jlq1CKT8 OXnl JKACHHH liOTOKa H3-3[l pacmnpeHI!H, 

noKH>K€M 0 '!'I 0 1\ Cny•!Cle Cna6LJX paCTBOpOB S(jJ(jJCKTOM OXnn>K:\PHHH llpH 

T ~ 0,1°K MOiiOIO npe!luGpe'!b. 

a v 
llnH OUCHKH \Cnl!'llllll>l (aT) p MOlKHO BOCITOnb30BilTbCH ypnHHCHHCM 

COCTOHJII!II HI1Canb,IOrO l'iJ3[l <l>cpMI! ( 4) 0 KOTOpOe MO~<eT 6b!Tb 3HlliiC[ll!O B BH-

ne 

( 13) 

rne 
= _..!_ ( -"- ) 2h 8 

3 3 

N- qucno Anoranpo. 

V -MOnHpHLIM 0 )'heM raaa, a p -QCMOTH'!eCKOe JlUBneHne B paCTBOpe. 

ll!!(jl(jlepenuupyH n ,JpaJKeHHe ( 13) rro TeMrrepaType n rrponanenH rrpeo6paaosa-

HHH, IIO!Iy'!HM 

6; ( ___ l'S"b-- \ . 
1+ aT2v4/s 

nol1CTDB.'IHH '!I!Cne iHb!C 3Ha'!eHIIH BXOllHIHI!X Beni!'!HH, llpH KOHUCHTpaUHH pacTBOpa 

6% JJOJIY'!IIM 0 !1p0<ie6peraH €I111HI!Ueil, llpOCTOi! peaynbTBT 

(~) =6VT, aT p 

H, llOI1CTaBnHH 3"0 3H(l'!CHIIC B tPopMyny ( 12) 0 liOliY'!HM 
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aT 
uP 

v -c; 
( 14) 

TaKHM o6paaoM, rrpH TeMrrepaTypax T ~ 0,1°K rrepBbiA 'lneH, oiiHCbiBa-

IOIIlHA oxnalKJleHHe HaCbiiileHHoro pacTsopa scneJlCTBHe pacmHpeaast, Jlei!:cTBHTenb-

HO M8fl IIO Cp8BHeHHIO C ~eKTOM H8rpeB8HHSI 

Mo~o rrpeHe6pe'lb • 

CH; I TpeHHSI.f H HM 

. BOCI!Oflb30B8BIIlHCb H8i!:JleHHbiM Bbiiiie 3H8'1eHHeM IIpOH3BO ~Hoi!: ( : ~ ) P , 

IIOK8JKeM Terrepb 1 'ITO I!pH T ::: 0,1°K TerrnoeMKOCTb paCTBOpa I!pH IIOCTOSIHHOM 

OCMOTH'IeCKOM Jl8BneHHH IIpaKTH'IeCKH COBII8Jl8eT C C V • 

KaK H3BeCTH01 C p MOJKeT 6b!Tb Bb!paJKeHo 'lepe3 C V I, BHJle 

c • c - T ( _£__~-l I ( .2.Y...._ ) 
P v aT P aP T 

HfiH, IIpeo6pa3yH I!pOH3BOJlHYIO ( : ~ )T C fiOMOIIlbiO SIK06H8H8 { JlpyrHM IIepe­

MeHHbiM 

(~) = a(V,Tt 
aP T a(P, T) 

nony'IHM 

arv, T) 

iJ ( v, P) 

a(P,T) 
a( v, P) 

(__2_!_) 
aP v 

aT) <av- p 
<-~.Ll aT v 

( 15) 

noJlCT8Bf!SISI 3H8'1eHHSI ( .i..Y....) = 6 v T ar P 
H , nony-

'IHM 

2h 
C p= Cv +12 a V T 3 

= (107 + 5,5 T2
) T JllKIMOnb·q,aJl"' Cv 

TaKHM o6paaoM, nosbiiiieHHe TeMnepaTypbi pacTBopa H3··3a TpeHHSI npH 

JlHqxpy3HH He
3 

fiOJl Jlei!:CTBHeM neperrana OCMOTH'IeCKOrO Jl8EileHHSI eCTb _, 
4,1·10 ~I? o K 

T , ( 16) 
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l 
! 

t 

,, 

'rne ~p 
2 

BbipaJKeHo B nua/cM , a T -a rpanycax KenbBHHa. 3aMeTHM, 

'ITO 6JIH3KHH peayJib"aT 5biJI nOny'leH HeCKOJibKO liPYI'HM cnoco50M B pa5oTe 

/18/ 
E.BapoKKO • 3T' HaKJiallbiBaeT cepbeaHbie orpaHH'IeHHSI aa reoMeTpHIO 

coeliHHHTeJibHhlX Tpy)oK H ¢opMy KaHaJIOB Tennoo6MeHHHKa rrpH TeMnepaTypax 

HHlKe 0,01°K. 

npu BSI3KOM Te 'leHHH, KaKOBbiM SIBIUieTCSI liH!jxjlyaHSI He S 
/19/ 

B paCTBOpe 

liJISI Tpy60K Kpyrnorc Ce'leHHSI HMeeT MeCTO ~OpMyna nyaaei!JISI 0 COI'JiaCHO KO­

TOpOi! 

H.liJISI npHMOYI'OJibHbX KaHaJIOB 

20 ~ v f 
~P------­

, a b3 , ' 
I' lie 'I -BSI3KOCTb > CHliKOCTH HJIB raaa, ~ V - 05'beMHbilt paCXOll, BbipalKeHHhlH 

3 
B CM '/ceK; 1 a B b - I'eoMeTpH'IeCKHe BeJIH'IBHbl! llru!Ha, pa-

liHYCo BbiCOTa WBpOKC A B Y3KOH CTeHOK COOTBeTCTBeHHO. TaK K~K BSI3KOCT!> 

s o /20,21 I 
paCTBOpa u He B c 6nacTB T ~ 0,03 , cor nacHo pa5oTaM , MOlKHO 

npBHS!Tb 

, - 7,5 • :10-7 -
1

- nyaa 
pacT. T2 

'I = 3,2· '10-e - 1- nyaal 
He' T2 

ITOJIY'IHM llru! BeJIH'IHJ lbl HarpeBSHHSI paCTBOpa Ha eliBHBUe liJIHHbl Tpy5KH pa-

liHyca npH cKopccTH uupKyJIHUBB He
5 

, paBHoA Z Mon~o/ceK, 

dT 

dX 

sz 

~ 

, - 3,9 • '10-10 z 
r 4 T 3 

o K 

( 17) 

H COOTBeTCTBYIOIIlee IOBbiiileHHe TeMnepaTypbl ~ T Ha liJIHHe f 5yneT paBHO 

I' lie TO -TeMnepaTypa paCTBOpa Ha BXOlle Tpy6KH. 

PaayMHO noTpetiOBaTb, 'IT06hl OTHOCBTeJibHaSI BeJIH'IHHa HarpeBSHHSI 
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6bina BCIOilY IIOCTOSIHHao To rna JlHaM9Tpb1 C09JlHHHT9nbHbiX Tp y60K JlOn:lKHbl 

H3M9HSITbCSI o6paTHO IIpOIIOpUHOHanbHO HX T9M!I9paTypaM, a C )!IpOTHBn9HH9 

C09JlHHSI9MbiX C9KUHA T9IInoo6M9HHHKa !IpO!IOpUHOHanbHO ~9TB9pToA CT9!I9HH 

HX T9MII9paTyphlo 

0xnalKJl9HH9 o6paTHOrO IIOTOKa He 
3 

H s$1jleKTH JHOCTb 

T9IIn006M9HHHKOB 

PaccMOTpHM T9II9pb H9KOTOpbi9 oorrpocbi, CBSI3aHHhi9 c lcrronb30B8HH9M 

C9KUHOHHbiX H H9IIp9pbiBHhiX T9IInoo6M9HHHKOB JlnSI oxnalKJl9HH I IIOTOKa He
3 

1 

H IIOKalK9M IIp9HMyUl9CTBO HCIIOnb30BaHHSI !IOCn9JlHHXo 

.[!HarpaMMa, HnniOCTpHpyiOUlaSI pa6oTy C9KUHOHHOrO T9IIn >06M9HHHK8 0 IIO­

Ka3aHa Ha pHc.6. 89pXH9A !IpSIMOA H3o6palK9Ha T9IIn09MKOCTb paCTBopa, HHlK­

H9A - T9rrnoeMKOCTb ~HcToro He 3 • T9MU9paTypa, o6oaaa~9IHaH ~9p93 T 0-

MHHHManbHaSI T9M!I9paTypa paCTBOpa. T 1 

paTyphi, JlO KOTOpbiX oxna)I(Jla9TCSI He 3 

T 2 T 3 H T.ll. - T9MII9-

B COOTB9TCTByiOUlH:: C9KilHSIX0 a 

T' 
• 3 H Tollo - T9MII9paTypbi0 JlO KOTOpbiX Harp9B.t9TCSI paCTBOp 

B T9X )1{9 C9KilHSIXo 

norrycTHM, ~TO pa6o~aSI IIOB9pXHOCTb BC9X C9KUHA TaKO: 1a, ~TO BHyTpH 

KalKilOA !IpoHCXOJlHT Bb!paBHHBaHH9 T9M!I9paTypb! paCTBvpa H <OHU9HTpHpOBaH-

HOA ~a3bl He
3 

JlO OJlHOA H TOA lK9 OTHOCHT9nbHOA B9nH~HHb 0 T.9, 

T -T' 
n n L\T 

D =--=r· 
TD 

nnSI HaXOlKJl9HHSI T 0 H Tollo MOlKHO HI IIHCaTb CHCTeMy 

rrpoCThiX ypanaeaHA T9rrnoooro 6anaaca 

2 1 2 2 
T

0
(S

2
-S

1
)-T

0
(a-f3)•Tfl(T1 -T 0 ) 

(18) 
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J( T • .ct • 

. . . . . . . . . . . . . ~ .......................... . 
( 18) 

x) 
PemaSI yp8BHOHHSI ( 18), rrony'IHM , rrpH y « 1 

[ a ( )2 1/2 T n+l ., X n T n., T n {3 1- Y, ] 

TaKnM o6pasoM, saaqeane y 0 38BIICS!ill00 OT Benii'IIIH!I llOBOpXHOC-

TII Tennosoro KOHT8KT8 COKUHII Tennoo6MOHHHKa, OITpenenSieT C"OllOHb oxna>K-

3 
llOHIISI ITOTOKa He , llOCTIIraeMyJO B ll8HHOii COKUIIII II paBHyl< 

senR'IHHa KOTopoii, O'IOBIIIlHO, saKnJO'IeHa B rrpenenax 2,1 ~ X n ~ 

ll8 pesynbTIIpyJOill8SI TOMrrepaTypa paCTBOpa 

1 
.--)Tn 

X n-1 

• Tor-

OpH MaKCHManbHOM saaqeHHH y = 0,52, orrpenenSieMoM H t>KHHM saa-

'IOHHeM X n , cTyneH'I8Thiii Tennoo6MOHHHK nepexollHT B Hen~ epbiBIIbiii, Ten-

noo6Mel! B KOTOpOM , TllKIIM o6pa30M, npOIICXOiliiT rip II M8KCIIfV anbHO B03-

MO>KIIOM ncpenaac TOMrrepaTyp y = 0,52 . 

x) 
B oGmcM c.'ly'IlH' 

I 
Tn+l~Tn[-J;(l-y) 2 (1--b-)+1ll, 2 , 1!0 r.K. 

n+l 2 2 1 
nonpmM )'!•anHeHne X a -'L( 1-y' ( 1---- )+ 1 

- n {3 , X~ ' X n-l .,. X n , nmr ~-
oTKyna X ={1-y\1/-7 

n {-
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B APYI'OM Kpall:H"M cny'!ae, KOI'A8 Y • 0 , CTeneHb oxnalK.QeHH!I M8K-

CHManbH8. 0AH8KO AnSI STOI'O T~e6~eTCSI n~8KTH'!eCKn 6eCKOHe'!H8!1 noBepx­

HOCTb TennOBOI'O KOHT lKTa, nosToMy nepBblli cny'lall npeAnO'ITHTenbHee 

BTOpOI'0 0 nOCKOnbKY OJ: npHBOA~T K H8H6onee sctxt>eKTHBHOMY HCnonb30B8HHIO 

o6mell: pa6oqell: TIOBep~HOCTH Tennoo6MeHHHK8. 

3aKOH 0 no KOTOpiiMY AOnli<H8 H3MeH!ITbCSI BenH'IHH8 pa6o'!ell: noBepXHOC­

TH CeKUHH npH 38A8HH>M 3H8'!eHHH Y 0 onpeaenSieTCSI 38BHCHMOCTbiO Ten-

noaoro conponmneHHSI rpaHHUbl paaaena OT TeMnepaTypbi, KOTopoe npH Ma­

noll pa3HOCTH TeMn·epltTyp 

R- I'!.T .. r-s. 
q 

nosTOMY nOTOK Tenna '!epea I'p8HHUY C noBepXHOCTbiO S 

q=~ST 3 dT, 

I'Ae ~ -'IHCneHHblil MJIOlKHTenbl 38BHCSimHil. OT pOA8 lKHAKOCTH H CBOikTB 

TBepAOI'O Tena. 

B cnyqae nocneLOB8TenbHOI'O npOXOlK.QeHHSI nOTOKOM Tenna ABYX rpa­

HHU, K8K STO HMeeT !v eCTO B Tennoo6MeHHHKe, npH KOHe'!HOil pa3HOCTH TeM-

nepaTyp I'!. T nMeeT MeCTO paBeHCTBO 

rae y 1 -oTnocnTenbH bill nepenaa Ha nepsoil rpannue, OTKyAa 

4 
1-(l-y) 

.. t. 
1+ 8 

rae , 

8-

( 19) 

npftp8BHHB8SI nOTOK Teina q (19).'1epe3 I'p8HHUY paaaena nOTOKy, nepeaaaae­

MOMY paCT~Opy B K8lK~Oli CeKUHll 

• 1 2 2 
qc-

2
-{3T/Xn-1 )Z, 

nony'IHM Bb!palKeHHe A ~SI BenH'IHHbl noBepXHOCTll TennOBOI'O KOHT8KTa MelKAY 

He
3 

H TBepAbiM Teno: ~ 
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(20) 

TBK KBK T n +!,. Tn X n li X n ~X n+ I I TO~ 

T.e. nonepXHoCTb nocnenoB£lTenbHO coenwmieMbiX ceKuHii non;ma aoapacTaTb 

nponopUHOHBJibHO KBanpaTy ~enaeMOH CTeneHH OXJia~neHHH JICTOKa. 

PaccMoTpHM Tenepb nonpoc o Tennonepenaqe B uenpepEmHoM Tennoo6-

MeHHHKe, npHMeueune KOTOporo HBJIS!e.TCS! 6onee paunouanbHhl v1, '!eM npHMeue­

HHe ceKunouuoro, paccMOTpeuuoro Bb!llle. TaKoii Tennoo6MeHtHK Mo~eT, B 

'!8CTHOCTH, npeACTBBJIS!Tb co6oii LIJIHHHYIO CHJibHO roljlpnpOB8Ht yro MeTaJIJIH'ieC­

KYIO Tpy6Ky, noMellleHHy!O B npyryro Tpy6Ky C MBJlb!M 3830pOH Me~ny ee 

cTeHKBMH H roljlpaMH. BuyTpH roljlpHpoBBHHOH Tpy6KH HBXOlHTCS! paCTBOp, 

a B 3830pe Me~AY BHeliiHeH H ro<J>pHpOBBHHOH Tpy6KaMH npoTo !KBeT KOHUeH­

TpHpOBBHHbiH He 
3 

• nerKo BHneTb, 'ITO TennonpOBOLIHOCTb 1 aKOH CHCTeMb! 

B uanpanneHHH ABli~eHHS! noTOKOB He
3 

onpenenSieTcSI TOJihKO npoxonubiMli 

Ce'!eHliS!MH, a He llOJIHbiM ceqeuHeM CHCTeMhl H3-38 O'ieHb 60Jibl!OT'O rpaHH'iHO-

ro C011pOTliBJieHHS! 0 CYIII8CTBYI01IIero Ha nyTli 110TOK8 Tenna Ha OC"BJibHOH OCHOBHOH 

11JIOlU8LIH nonepe'IHOT'O Ce'!eHliH T811JI006MeHHHKa. noCKOJibKY IIIYH rlipyiOIIIIJH HOTOK 

Tenna, llLIYIIIIlH BLiuJib Tennoo6MeHHHKB, B LIBi•HOM cnyqae MBJI 110 ~pBBHeHH!O C no­

TOKOM0 OTBOLIHMb!M OT He 3 , LIJIS! npOCTOTbl paC'!eTOB HM MO~HO npeue6pe'lb. 

Torna saKOH H3MeueHHS! TeMnepaTypbi pacTBopa H He3 
BAOJib Tem oo6MeHHHKa 6y-

neT onpeneJIS!TbCS! TOJibKO 38BliCHMOCTbiO TenJIOBOf'O COllpOTJJBJIE HilS! OT TeMnepaTy­

phl li reoMeTp!ieii Tennoo6MeHHHKa. 

TaK KBK CKOpoCTb ABH~eHHS! He
3 

B 3a3ope 

V= 
zv 
s 

rne s. nonepequoe ceqeHlie aaaopa, 3a eaHHHUY npeMeHH cn::>ii ~HAKOCTH 

TOJilllll!!O!O d f nepeMeCTliTCH H8 llJIHHy f'1 X= V , H TeMnepa• 'ypa ero ll3Me­

dT 
HI!TCS! HB BeJIH'iliHY dX V • 3ueprHSI, KOTOpaH npH 3TOM lOJI~Ha 6b!Tb 

nepenaua qepes rpaHJJUY pa3nena, 
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' li 
I 

• 1 T s df 1 4 
dq·-f3T--v--=-4-eT tdS, 

( ll v { 21) 

r.r:~e dS -pa6oqas nose pxHoCTb Tennoo6MeHHHKa na .Qm!He df • H HTerpn-

pysr ypaBHeHHe {21), ITlilY'IHM 

1 

{22) 

r.r:~e T 0 -TeMrrepaTypa He 3 
na axo.Qe Tennoo6MeHHHKa, a T z -TeMnepa­

Typa He 3 
Ha paccTOH~ HH X nocne rrpoXOlK.QeHHH ITOTOKOM liOBepXHOCTH S z • 

noaepxnocTb 
3 

S n , neo6xo.QHMasr .r:~nsr noHHlKeHHSI TeMnepaTypbi He B a 

paa, pasHa 

II {23) 

3 
r.Qe Tn-TeMrrepaTypa lie nocne rrpOXOlK.QCHHH liOBCpXHOCTII sn. 

Llns Taro, 'IT06br oueHI!Tb npenMy!llecTaa HerrpepbiBHoro Tennoo6MeHHH­

Ka no cpaanenmo co c·rynen'laTbiM1 paccMOTpeHHhiM Bbiwe, rrepenHWeM ljlop-

Myny { 23) B rrpelKHHX 13603118'1CHHHX1 38MCHSISI ft 

Tor.r:~a 

na X 

{ 24) 

Cpaannaas 8TY $opMyny c ananorH'IHOil rpopMynoil ( 20) llilH cTyrreH'IaToro Tenno-

o6MeHHHKS, BllllHM1 'ITO OHH OTIIH'Ia!OTCH TOilbKO MHOlKHTeneM X 2 
• 3TOT 

MHOlKHTCJib H llpCilCTaE ilHCT peailbiiYIO 3KOIIOMHIO ITOBCpXHOCTH rrpH HCITOilb30Ba­

IIHH HerrpephiBHOrO TCI11006MeHHHK8. npn 3Ha'ICHHHX X , 6nH3KHX K C.QHHH­

ue, pa3HI!U8 HC'IC38CT, K8K H CIICilOBliJIO OlKHJlliTb1 TaKa CTYliCH'IliTblll TCliilO­

o6MCHHHK B 3TOM CIIY'IliC ljlaKTli'ICCKH !IpeBpanrneTCH B llCHpepb!BHbliio .finS! 

6onee TO'IHOii OUCHKH 1C06XOAHMO Y'ICCTb erne 3aBHCHMOCTb KoMnunenTa 
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f OT J: 0 cyrueCTBYIOlUYIO B CTyrreH'ISTOM Teiinoo6MeHHHK€ ( B cnyqae He-

rrpepb!BHOI'O Teiiii006MeHHHK8 

TaK KaK 

He 38BHCHT OT X 

a 

). 

qepea x 0 IIOIIy'IHM KO~~HUHeHT HCIIOIIb30B8HHg pa6o'leA 

IIOBepXHOCTH CTyiieH'laTOI'O Terrnoo6MeHHHKa: 

K= 
S aenp. 

S CTyn. 

TaKHM o6paaoM, ecna acrronhayeTcg cTyrreH'laTblli Terrnoo6MeHHHK, B 

KOTOpOM TeMIIepaTypa He 3 
IIOHHMaeTCS! 0 HSIIpHMep, B 2 pa< a B KaMUOH C€K­

UHH0 TO o6JU~S! CYMMapHSS! IIOB€pXHOCTb TaKOI'O T€IIII006M€HHJ!Ka llOIIMHS 6b!Tb 

2 
B 5 paa 60IIblll€0 'l€M aenpepb!BHOI'O. OocKOIIbKY Sn = Xn Sn 1 MOMIIO 

YTB€pM!laTb 0 qTO K0311Jtj)HUH€HT HCIIOIIb30BaHHS! pa6o'l€H IIOBep KHOCTH nauaeT B 

n 19 
~ paa, rue n :X 2 

- KO~<iJHUHeHT B03p8CTaiiHS! IIOI epXHOCTH coceu-

HHX C€KUHH T€IIII006MeHHHK8. 003TOMy OIITHMaiibHb!M BSpHaH, OM CTYII€H'l8TO-

I'O T€IIII006MeHHHK8 gBIIS!€TCS! Terrnoo6M€HHHK 0 COCTBBIIeHHblll H3 MHOI'HX CeK-

UHA C IIOCTOS!HHOH IIOBepXHOCTbl0 1 I'paUH€HT OCMOTH'leCKOI'O ll9BIIeHHS! B KOT0-

4 
phtX MeHS!eTcg, KaK T . 

PaCCMOTpHM Terrepb BOIIpOC 0 Bbt6ope reoMeTpHH C0€1li.HHT€IIbHhiX Tpy-

6oK H !IOKaMeM, 'ITO llH~~Y3HS! He 
3 

B HHX cymecTBeHHO Cl HM8€T IIOTOK 

T€IIII8 'I€p€3 paCTBOp, KOTOpblil HM€€T M€CTO IlpH OTCyTCTBHI IIepeHOCHOI'O 

UBHiKeang a To MoB He 3 
• 

B cnyqae OTCYTCTBHS! llH~~Y3Hll ypaBH€Hll€ TennonpOBOi HOCTH UIIS! pacT­

/22/ C/T , eCTb BOpa~TennonpOBOilHOCTb KOTOpOI'O 

dT 1 dT 
Q"'Ks -- .. cs ---

dX T d X 

II03TOMY 

Cs T q =--In __ x_ 

x x To ' 
(26) 
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rne :1 -nnnna Tpy6KH c norrepe'IHbiM ce'leHneM a , Ha KoTopoA nonnep~a-

BBeTCH nepenan TeMnepa· ·yp T,. - T 0 • 

npn nncjM!lyaRR He 3 pacnpeneneHHe TeMrrepaTypbl BliOitb Tpy6KR, Korna 

HarpeaanneM na-aa TpeHIIH Mo~no npeHe6pe'lb, onpenenHeTcR cnenyiOmRM 

nntjlcjlepeaunanbHbiM ypaBH enneM 

1 2 2 1 d T,. 
q

0
+--a(T -T )Z•C•----, 

2 " o T,. dX 

rne q O -HHTepecyiOIQHf H8C IIOTOK Tenna npH H81tH'IHH nncjM!lyaRR He 3 
CO 

CKOpoCTbiO Z • 

BaenH o6oanaqeaue 

2ci _...!....aZT
2 

h 2 = __ o __ 2:_ ___ o_ 

czZ 

H HHTerpHpyH ypaBH9HHe (27), 380HC8HHOe B BHne 

dZ " r d x 
2 c s 0 

nony'IHM pememw B BH!l ~ 

2 
X ( a Z ) T 

0 
- 2 q 0) 

( 27) 

2 XC s (28) 

KOTOpoe, ecTecTBemw, 1[Hl Z e 0 nepexoAHT B pemeune ( 26). PerneHHe ( 28) 

nnH cpasneHHH yno6no 1pencTaBHTb cneny10IUHM o6paaoM: 

• 6a Z 2 To 
X 2q ln,'J+- (T 2 -T 

nutjl<jl. o 2qo " 0 T" 

(cz::T
2

-2q)ln 
0 0 

rne - ( THOllieHHe illtHif Tpy6oK paBHOro Ce'leiHISl 0 DO KOTOpbiM 

T9'1eT IIOTOK Tenna , npu HBIYH<IHH B OilHOli H3 HHX llHtPoPY3HH He
3 

CO CKOpOCTbiO Z Tmu<M oGpa3oM, 3.P.l'eKT coKpamenHH neo6XOJlHMOH JlllH-
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Hbl Tpy6KH He 38BHCHT OT TennonpOBO!lH.CTH paCTBOpa
1 

H npH ~18nhiX 3Ha'ie-

HH!IX q O pacTeT npHMepao nponopuH•.IIIlnbHo Z • 

PaCCMOTpHM B 38Kn~'leHHe Bonpoc G npenenbHOA TeMnepEType 0 KOTOpy~ 

MOlKHO nony'lHTb MeTonoM pacTBopeHH!I He 3 
B He 4 , a cB!I.JH c . orpaHH-

'IeHH!IMH, B03HHK8~IIlHMH 0 K COlKaneHH~, H3-38 B03p8CT8HH!I TE nnonpOBO!lHOCTH 

H B!I3KOCTH paCTBOp8 C llOHHlKeHHeM TeMnepaTypbi. 

QqeBH!lH0 0 nanbHelimee nOHHlKeHHe TeMnepaTypbi paCTBOpa npH mo6oM 

yaenM'IeHHH noBepXHOCTH Tennoo6MeHa CT8HeT HeB03MOlKHbiM 0 KgK TOnbKO o6-

pa3y~IIlHHC!I paCTBOp no K8KHM-nH60 npH'IHH8M H8'1H8T HarpeBcTbC!I 110 TeM-

nepaTypbi nocTyna~mero • B aTOM npenenbHOM cnyqae ICTO'IHHK Ten-

na, CB!I38HHb!H Henocpe!lCTBeHHO C nOTOKOM , llOCTyJTaJOU liM B B8HHY 

p8CTBOp8HH!I 0 MOlKHO He paCCM8TpHB8Tb BOOOill8 H3-3a paB81ICTB8 HX TeMJTe-

paTyp, H 0 CnenoBaTenbH0 0 38118'18 3KBHBaneHTIW H8XOlKil8HHIO IT JenenbHOfi TeM­

rrepaTypbl B ycTaHOBKax pa3oBoro nei1CTBHH 6e3 B0.3BpameHHSI He 3 
o6paTno 

B CHCTeMy. 

YcnoBHe Tennoaoro 6anaaca B aToM cnyqae MOlKHO 3anHc aTb npocTo, 

npHpaBH!IB Tenno, rrornomaeMoe B rrpouecce pacTBopenng rrpH 1 eMnepaType 

T 
0 

, Tenny, rrocTyrraiOIUeMy R BaHHY pacTBopenmi acnencTm e Tennonpo-

BOI:UIOCTII paCTBopa 1< e C/T: 

= " 

rne (_!!__) 
d X 0 

-rpanHeHT TeMnepaTyphi paCTBopa Ha I xone B KaMe-

py pacTBopeHH!I, a -panHyC Tpy6KH. npennonaraSI 0 'ITO OC! OBHbiM HCTO'I-

HHKOM Tenna, llpHBO!l!llllHM K llO!IBneHHIO ll8HHOrO rpanHCHTU 0 Hlln!leTCSI BHyT-

peHHee Tp8HHe, nony'IHM, IIO!lCT8BIIB BM8CTO (~) Bblpa K8HH8 \ 17), 
dX 

HalineHaoe paHee 

noncTaBn!l!l 'IHCneHHbie 3H8'18HII!I v =44( 
2 

107 nlKIMonb.rpaa 11 

C = 24 apr/ ceK, 

2 
(3 = 25 n>KIMonb.rpan , nony'IHM 

C V
2

8 ·7,5. 10-7 )tie_. 1 
T = ( ------- -4,8 ;17'3 m ° K , 

0 r :Ia ( a- {l ) d 
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rae d -aHa MeT) Tpy6KH B MM. 3TOT pe3ynbT8T COBnaaaeT C TO'IHOCTbiO 

/3/ 
ao 20% C BbiBOai•M, nony'leHHhiM 6onee cnOlKHblM nyTeM B pa5oTe YHTIJH H llp. • 

BHaHM, 'ITO anSI IJOIIy'leHHSI TeMrrepaTypbl IIOpSiaKa 1m O K Tpe6yJOTCSI yJKe Tpy-

6bl llH8MeTpOM IIOpSiaKa }Q CM0 B TO BpeMSI K8K anSI IIOIIY'IeHHSI 0 H811pHMep, 

5 m O K aoCT8TO' IHO HCIJ01Jb30B8Tb eme K81JHIJ11Sipbl C OTBepCTHeM 110pSIJlK8 I MM. 

TaKHM o6pasoM, cTaHoBSJTCSJ BHilHhi rrpaKTH'IeCKHe rrpeaenhl aaHaoro MeToaa, 

KOTOpble OK83bll BlOTCH He TBK YlK aaneKH OT JlOCTHrHyTbiX B H8CTOSIIIlee Bpe-

MSI 3THM MeToao)M TeMrrepaTyp. 

Xap&I<TepH ::THKH Terrnoo6MeHHHKa, KOTOpbii! o6ecrre'IHBan 6bi oxnaJKae-

HHe IIOTOK8 He S ao TeMrrepaTypbl, 61JH3KOi! K npeaerrbHOil, B llpHHUHIIe MOlK-

HO H8i!TH llyTeM pemeHHSI CnOJKHOrO aH~epeHUH81JbHOro ypaBHeHHSI BTOporo 

nopSiaKa, orrpe}lE IJSIJOIIlero H3MeHeHHe TeMnepaTypbl BaOIIb ero lliiHHbi 0 BbiTe.­

K8JOIIlero H3 8HI IIH38 yCIJOBHil TeiJIJOBOrO 6anaHC8 Ha eaHHHUe lliJHHbl B e}lHHHUY 

BpeMeHH: 

c 2 d 2T T 1 d S 8 • 10-' ~(--- __ d __ 1_)+- erT4--+---
T dx 2 dz T 4 dz wr 4 

=aT...i.!....z, 
dJ: 

rae rrepBbiil 'IIJEH - llpHTOK Tenna BCIJeaCTBHe T91111011pOBOJlHOCTH paCTBOpa, 

BTopoi! - ITOTOK Tenna 'lepe3 ITOBepxHOCTb TeiTIJOBOrO KOHTaKTa Ha eJlHHHUe 

nnHHhi Terrnoo6~ !eHHHKa, a TpeTHil - poJKAeHHe Terrna H3-aa TpeHHSJ. AHano­

rlf'IHoe ypaBHeH1e cnenyeT HarracaTb nnSJ KaHana Tennoo6MeHHHKa, 3anon­

Heaaoro He 
3 

, H, pemaSJ HX coBMecTHo, MOJKHO rrony'llfTb Bee rrapaMeTpbl 

lliiH npoeKTapoB 3HHH TaKoro Tennoo6MeHHIIKa. K coJKaneHHJO, 3TH ypaBHeHHSI 

He npHBO}lSITCSI { KBanpaTypaM H AnSI HX pemeHHSI 11pHeMneMbl TOIJbKO npH-

61JHJKeHHble MeTo~"'• Ho :JTY .'Jana'ly paayMHo nopy'IHTb C'leTHhiM MamHHaM. 

B 3aKnJO'I mHe aBTop nonb3yeTcSI cny'laeM Bhipa3HTb CBOIO 6naronap­

HOCTb npoljl. B. l.nemKoBy 38 ueHHhie JlHCKYCCHH, CIJOC06CTBOB8BlliHe IIOCTa­

HOBKe pSina BonpocoB, H qneay-KoppecnoHneHTY AH CCCP B.n • .UJKenenoBy 

3a IIOCTOSIHHyJO IJOJlJleplKKY H BHHMaHHe K Hamel! pa60Te. 
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