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l, B B e A e H H e 

B 1957 roAy fyA npeAnOlKHn nyabJpbKOByiO KaMepy nocTOSIHHOA 'IYBCTBH

/1/ 
TenbHOCTH • CymHOCTb era HAeH aaKn!O'IaeTCSI B TOM, 'ITO B cnoe HaraaH-

pOBSHHOfi lKHAKOCTH HCKYCCTBeHHO C03AaeTCSI TaKOe pacnpeAeneHHe TeMnepa

Typbl H KOHUeHTpaUHH raaa, 11pH KOTOpOM B He6onbmofi o6naCTH paCTBOpa 

o6paayeTCSI nepeCbimeHHe, AOCTaTO'IHCie AnSI BCKHI1ai{HSI paCTBOpa 110 cneAy 

'ISCTHUbl, nepBb!e JKe 011b!Tbl C paCTBOpOM f'a3006pa3H0f'O CO
2 B aueToHe, 

MeTaHone H APYf'HX lKHAKOCTSIX, Bbii10nHeHHble fyAOM1 110ATBepAHJ:IH npaBHnb

HOCTb 8TOfi .HAeH, 0AHaKO BO BpeMSI 8KCnepHMeHTOB 6binH BCKpb!Tbl H cepbe3;o 

Hble HeAOCTaTKH 11pH6opa, TaK, B CHny 60nbmofi neTy'leCTH paCTBOpeHHOf'O. B 

~HAKOCTH f'a3a MeTaCTa6HnbHaSI o6naCTb paCTBOpa MOrna HaXOAHTbCSI nHWb 

B cna6o neperpeTOM COCTOSIHHH, HeAOCTaTO'IHO 'J:YBCTBHTenbHQM K 6&JCTpb!M 

3apHlKeHHbiM 'laCTHUaM H y -KBaHTaM, no Tofi lKe npH'IHHe rny6HJfa 'IYB

CTBHTenbHOro CnOSI 6blna · TaKlK8 Mana, H B '011b!Te He 11p6Bb!Wana OAHOI"O CaH

THMeTpa. HaKOHeU, B· npe.QnOlKeHHOM BapHaHTe KaMepbl H3-3a ManoA nnOTHo

CTH paCTBOpeHHOrO raaa H Me.QneHHblX T6MI10B npOUeCCOB era .QH~$Y3HH B 

lKHAKOCTH 'IYBCTBHTenbHaH 30Ha KaM&pbl MOrna HarpylKaTbCSI nHWb 0'18Hb 

Cna6&JM 110TOKOM. '18CTHU, 

nocne.Qy!OmHe HCCne.QOBaHH.II C 11Y3blpbK.OBOil: KaMepoil: 110CTOSIHHOil: 'IYB

/2/ 
CTBHTenbHOCTH, npoBeAeHHble KaTO 1 He HaMHOro yny'lmHnH ee OCHOBHble 

XapaKTSpHCTHKH, 

8 .QaHHOlt pa6oTe aHanH3HpyeTCSI BapHaHT KaMepbl TaKlKe 110CTO.IIHHOA 

· 'IYBCTBHTenbHOCTII, HO OCHOBaHHblil: He Ha BCKHrraHHH lKII.QKOCTII, KaK 8TO II Me

eT MeCTO B KaMepe fy,na, a Ha paccnoeHHH 6HH8pHOf'O lKH.QKOf'O paCTBOpa Ha 

.QOnf'OlKHBymHX HOHSX1 o6pa3yiOmHXCSI B Cne.Qe 'laCTHUbl, 
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B TaKoi! KaMepe B MeTacTa6HnbHOli (nepecblweHHoll) o6nacTH pacTaopa 

!iOHbl IIOp0lK)l810T UeHTpbl paccnoeHHSI paCTBOpa Ha OT)lenbHble lKH.llK!ie KOMIIQ

HeHTbl, o6na.llaJOWHe paaHblMH noKaaaTenSIMH npenoMneHHSI, To ecTb TaKaS! 

KaMepa no npHHUHny )lel!CTBHSI SIBnSieTCSI aHanorOM raaoeoi! llH~~Y31iOHHOH Ka

Mepbl, W!ipOKO HCnOnbayeMOH B 3KCnepHMeHTanbHOfi ~H3HKe, TaK lKe K8K B 

llli~~Y3HOHHOH K8Mepe H K8Mepe ry.lla, B paCCM8TpHBaeMOM B8p!i8HTe KaMepbl 

MeTaCT86HnbH8SI o6naCTb B paCTBOpe .llOnlKH8 )lOCTHraTbCSI 38 cqeT 38.ll8HHSI 

e HeM onpe.lleneHHoro rpa.llHeHTa TeMnepaTyphl H pacnpe.lleneHHSI KOHueHTpa

Uiili pACTBOpeHHOI'O BeWeCTBa, 

BoaMOlKHOCTb paccnoeHHSI 6HHapHoro lKH.llKoro pacTeopa, HaXo.llSIWerocg 

' /3 4/ 
Il MeTacTa6Hl!bHOM COCTOSIHHH1 Ha HOH8X 6bll!8 noKa3aHa B pa60T8X ' • B 

CBOIO oqepe.llb, B03MOlKHOCTb o6ecneqeHHSI .llnHTenbHOI'O nepeCbiUleH!iSI paCTBOpa 

n onpe.lleneHHOM TeMnepaTypHOM !iHTepaane xopowo H3BeCTHa H3 pgaa Hccne

/5/ 
noeaHai!. TaK, ewe B 1898 roay B pa6oTe y.llaaanocb Ha )lnaTenbHOe ape-

MSI nepeoxnaJKaaTb paanHqHble paCTBOpbl Ha 2 rpa.llyca HHlKe ToqKH pocbJ. Aaa

/6 7/ 
norl!qHbJli peaynbTaT 6bm nonyqeH H B pa6oTax ' • 

Cpe.llH pa6oT no nepeoxnalK.lleHHIO pacTaopoa oco6oe MecTo, B caeTe 

/8/ 
paCCM8TpHB8eMOli npo6neMbl 1 38HHMaeT, IIOlKanyl!, pa60T8 repM8H8 H llPo , 

B KOTOpOli paCTBOpbl 0,01-0,02% BO)lbl B lKH.llKHX yrneBO.ll0pO.ll8X nepeoxnalK)la

nHCb HHlKe ToqKH paccnoeHHSI aa 5-10°, 

llanbHeliwee nOHHlKeHHe TeMIIepaTypbl B OnbiT8X ripHBO.llHnO K 6biCTpo

My •Bbl)leneHHIO H3 paCTBOpa BOltbl B BHlte KaneneK TyMaHa, ABTOpbl pa6o-

/8/ 
Tbl C.llenana npe.llnonoJKeHHe, qTo o6paaoaaHHe TyMaHa B nepeoxnalK.lleH-

HOM lKH.llKOM paCTBOpe CBSI3aHO C B03)leliCTBHeM Ha Hero qaCTHU H y -pa

.llli8UHl! KOCMHqeCKOI'O H3nyqeHHSI, 3Ta, HeCOMHeHH01 HHTepeCH8SI )lOI'8.llK8 

He Hawna, OltHaKo, KaKoro-nH6o TeopeTaqecKoro o6ocHoaaHHSI HnH cneuH-

/8/ 
8llbHOII 3KCnepHMeHT8llbHOli npoaepKH HH B pa6oTe , HH B llPYI'HX K8KHX-

llH60 pa6oT~X IIO paCTBOpaM, IToaTOMy Uellb!O .ll8HHOI'O HCCl!e)lOB8HHSI SIBHll

CSI TeOpeTaqecKHi! 8H8l!H3 B03MOlKHOCTH HCKYCCTBeHHOro C03.ll8HHSI B 6H

HapHOM lKH)lKOM paCTBOpe yCllOBHfi nOCTOSIHHOfi qyBCTBHTellbHOCTH paCTBOpa 

K paccnoeaaro Ha HOHax, 

4 
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II 
,; 

2, 06pa30BaHHe B )!{H)lKOM paCTBOpe CT8UHOH8pHo-nepeCbiWeHHOI'O 

cnog 

PaCCMOTpHM BepTHKanbHblli UHllHH.llpHqecKHli COCy.ll, 38IIOnHeHHblH 6HHap

HhlM ll<H.llK!iM pacTeopoM. EcnH B pacTeope Ha TopueBbiX cTopoHax cocy.lla 

38)l8Tb onpe)leneHHYIO TeMnepaTypy H KOHUeHTp8UHIO, TO B T8KOM paCTBOpe 

/9 10/ BAOllb UHnHH.llpa B03HHKHYT IIOTOKH Terrna H paCTBOpeHHOI'O BeWeCTBa ' : 

0 1 • -p D grad C 1 + p C 1 C 2 D T (!JBd T 
(1) 

0 2 c-.\ grad T + 0 1 CPT,/ (2) 

I')len2 unl yttenbable noTOKH Tenna H pacTaopeHaoro aewecTaa cooT-

eeTCTBeHHo; p - yttenbHbil! aec paCTBopeHHoro aewecTaa; D H DT -

KOS~HUHeHTbl ltH~y3HH H TepMO.llH~Y3HH paCTBOpeHHOI'O BeWeCTB8j C
1 

H 

C2 -KOHUeHTp8UHH paCTBOpeHHOI'O BeWeCTBa H paCTBOpHTenSI B p8CTBOpej 

T - a6conJOTHas:r TeMnepaTypa; .\ - KOS~HUHeHT . TennonpOBO.llHOCTH 

pacTaopa; C P - y.aenbaaSI TennoeMKOCTb pacTaopeHHoro aewecTaa, 

PeWHM ypaBHeHHe ( 1), llnSI 3TOI'O npHMeM BO BHHM8HHe, qTQ .Ql!SI 

/9/ 
)!{H.QKHX paCTBOPOB DT << D H c I c2 < 1 • ITosTOMY npH He oqeab 

6onb~Kx aaaqeHHSIX gradT BTOpol! qneH B ypaBHeHHH (1) 3H8qHTellb-

HO MeHbWe nepBOI'O, H HM MOlKHO npeHe6peqb, llnSI yCT8HOBHBWef'OCSI pE:lKH

Ma llH~3HH B OTCyTCTBHe npouecca paccnoeHHSI B paCTBOpe HMeeM: 

div 0 
1 

• div ( p D &rad C) • 0 , 
(3) 

r.ae HH.QeKC '1' y CHMBOlla c l onywea, B CHny cna6oi! aaBHCHMOCTH 

p H D OT T H c /9 11/ 
B lKH.QKHX paCTBOpaX ' , MOlKHO npHHSITb1 qTQ 

P"' conat H D • coast. IT osToMy 

div 0 I • div grad C• 0 • (4) 
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PeiiiHM aTo ypaaaeHHe .ll11SI O.llHOMepHoPo cny'laSI, npHHSIB, 'ITO nHaMeTp 

cocyAa cpaBHHM c ePo BhiCOToil. YcnoBHMCSI TSKJKe, 'ITO ocb z c 11creMhi 

KOOp.llHHST HanpaeneHa DO OCH UH11HH.llpa, 8 H8'18110 CHCTeMbl neJKHT B nnOCKO

CTH aepxaePo Topua. ToPna H3 ypaeaeHHSI (4) cnenyeT: 

a gradC a2 C 
--.,...----=0 

az a z• (5) 

PellleHHeM nauuoro ypaeHeHHSI SIB11SieTCSI 11HHeiiHaSI ~YHKUHSI 

Co-CL 
---~~ 

L 
C(Z )• Co z . 

(6) 

Pne C o H C L - KOHUeHTpauasi .pacTeopa B Ha'!ane H KOHUe cocyna, L -nna

ua cocyna. 113 BbipalKeHHil ( 1) H (6) cnenyeT, 'ITO noToK eemecTea B paCTBo-

pe 

n 1 :-pDgradCepD 
Co -CL 

L (7) 

DnSI pemeHHSI ypaeaeHHR (2) cnenaeM ecTeCTeeuaoe· nonymeaae, 'ITO 

B lKH.llKOM pacTeope A H C p He 38BHCSIT OT ·T H C • ToPna B OT-

CYTCTBHe HCTO'IHHKOB Tenna B 06-beMe paCTBOpa diV n z • 0 , H11H 

' ' 2 a T aT 
-A-.--+ ll 1 C -- • 0. a z2 p a z 

11HTePp81lOM 9TOPO ypaeHeHHSI SIB11SieTCSI ~YHKUHSI 

To -TL 
T(Z)· To _____ n_c __ _ 

....L...I!. 
A 

1- exp ( L ) 

n I cp 
[1-exp( z)], 

(8) 

(9) 

Pne T0 H TL - TeMnepaTypa pacTeopa a Ha'!ane H Koaue uanannpa. DnH 

nanbaeA111ero auana3a none3HO eeecTH cnenyromHe o6o3Ha'leHHH: 

n
1 
c 

1/1 • exp ( ---~' L ) , 
t A 

n,cp 
.Pz~exp(-A-Z). 
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( 10) 

I 
l 
I 

4HC1leHHbiMH paC'!eTaMH MOlKHO DOK838Tb 0 'ITO .ll11SI cna6hiX lKH.llKHX paCTBo

pOB DO.ll3KCDOHeHUH811bHble MHOlKHTenH B BbipalKeHHSIX ( 10) 

L«l H 
n1cpz«t. 

A 

noaTOMYt eC11H HHTepeCOB8TbCSI T01lbKO cna6biMH paCTBOp8MH, 1/J I H 1/J 
2 

MOlKHO p83110lKHTb B PHil MaKnopeHa H 0Pp8HH'IHTbCSI B HeM .llBYMSI nepBbiMH 

'11leHaMH: 

"' • 1 + I 

n 1 cp 
A 

L, 
n 1 cp 

1/12=1+ A z. (10') 

nonCT8HOBK8 (10') B (9) npHBO.llHT B 3TOM C1ly'!ae K 11HHeapH38UHH ypaBHe

HHSI .ll11SI T ( Z ) ; 

T - T 
T(Z)•T -

0 
L z. 

o L (9') 

8hipalKeHHe nnSI noToKa Tenna (2) npa y'leTe (9) H (10) npHMeT BHJl: 

T -T 
nz ~ n 1 < . To - o L > c p • 

1- "'1 
( 11) 

BepHeMCSI Tenepb K ypaBHeHHID (6), 0HO ODHCbiB8eT pacnpenkneHHe 

KOHUeHTpauHH pacTeopa no rny6aHe cocy.lla. OnHaKo Jl11SI onpe.lleneHHSI 30Hhl 

nepeCbiiileHHSl He06XOJlHMO HMeTb eme O.llHO ypaBHeHHe, KOTOpoe onpe.Qe11Sl110 

6hi PpaHHUy D011HOPO H8CbiiileHHSI paCTBOpa B 38BHCHMOCTH OT TeMnepaTyphl 

T ( z ) . flony'IHTb TaKoe ypaBHeJDie TeopeTU"'eCKH B aacTomllee epeMH He 

npe.llCT8B11SieTCSI B03MOlKHbiM, noaTOMY BOCD01lb3yeMCSI 3MDHpH"'eCKHM np8BH-

110M, H3 KOTOporo cnenyeT, 'ITO Jl11SI cna6hiX paCTBOpOB norpaHH'IHyro KpHBYIO 

paccnoeHHSI. B KOOpJlHH8T8X C H T MOlKHO ODHC8Tb cneJlYIOIIlHM ypaBHe-

HHeM: 

Cn•A+BT, (12) 
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rae A H 8 - IIOCTOliHHble K03fjlfjJHUHeHTbl 1 IIOJl6HpaeMble !IpHMeHHTeflbHO K 

OIIbiTHoli KpHaoli paccnoeaHll pacTaopa. KoM6aaapyll fjlopMynhi (9), (10) H 

(12)' IIOfly'iHM ypaBHeHHe Jlflll IIOrpaHH'iHOli KpHBOli HaChllUeHHll 

C
11 

.. A+B[T
0

-

T -T 
0 L 

1- r/11 
(1-r/12)]. (13) 

3oaa IIepeCbilUeHHll paCTBOpa MOlKeT 6blTb O!Ipeneneaa, KaK pa3HOCTb 

MelKLIY fjlaKTH'ieCKOli KOHUeHTpauaeli paCTBOpa H ea H8CbllUeHHhlM 3Ha'ieHH8M
1 

T,e, KaK pa3HOCTb COOTHOWeHHli (6) H (13): 

!:J.Ce(6)-(13}= C
0

-
CO-CL 

L 
z- c". (14) 

0'ieBH/lH01 'iTO IIOflOlKH;renbHblM 3Ha'i8HHliM !:J. C 6yaeT COOTBeTCTBOBaTb 30Ha 

IIepeCbllUeHHOrO paCTBOpa, a OTpHUaTenbHblM - HeHaCbllUeHHOrO paCTBOpa, 

3, illHpHHa 30Hbl 1 'iyBCTBHTeflbHOli K paccnoeHHlO 

Ha HOHaX 

YcnoBHMCll Ha3blB8Tb aepxaeli rpaaaueli 30Hbl 'iYBCTBHTenbHOCTH Ty 

rpaHHUY 1 KOTOpall O!IpenenlleTCll Ha'll:lflOM o6pa3oBaHHll Ha HOHaX lKH3HeCJio

C06HblX 3apO):IbiWeli paccnoeHHll, a HHlKHeli rpaHHUeli - Ty, KOTOpall COOT

BeTCTByeT HHTeHCHBHOMy 06pa30BaHHlO U8HTpOB paccnoeHHll Ha fjlnyKTYaUHliX 

KOHUeHTpaUHH. 

Llnll OIIpeaeneHHll BepxHeli rpaHHUbl 30Hbl BOCIIOflb3yeMCll BblBO/lOM
1 

no-
/3/ 

ny'!eHHbiM B pa6oTe 1 H3 KOTOporo CneayeT, 'ITO KpHTH'IeCKOe nepeCbllUe-

HHe pacTaopa t. C k, COOTBeTCTBYIOlUee Haqany IIOliBneHHll yCTOH'iHBbiX 3a

POLibiWeli Ha HOHax, MOlKeT l5b!Tb aalineao H3 ypaaaeaali: 

!:J.Ct .. .1... 
2 

M Cn 

pRT 

3 V 41Tu• 

( z e )2 

8 

l £2 
( 15) 

l 2- ( 

l 
' I 

rne M a p - MoneKynllpHblli aec H nnoTHOCTb pacTaopeaaoro aemecTaa; 

u - noaepXHOCTHOe HaTlllKeHHe Ha rpaHHUe MelKLIY 3apOLiblWeM H paCTBOPOMi 

ze - 3apl!LI HOHa, Ha KOTOpOM o6pa3yeTCll Ka!Inll B paCTBOpe; £ H r
2 

-

LIH3fleKTpH'IeCKHe IIOCTOliHHble p8CTBOpa H Ka!InH COOTBeTCTBeHHO, 0'!eBHLIH01 

'ITO KOOpLIHHaTa Z l 1 COOTBeTCTBYlOWall BepXHeli rpaHHUe 30Hbl 'iYBCTBH

TenbHOCTH, LIOfllKHa HBXOLIHTbCll H3 ycnOBHll !:J. C c !:J. C k 1 rne !:J. C 6epeTCll 

H3 (14), a !:J.Ck - H3 (15), 

Pewall aTo paaeacTao, Jiony'iHM: 

Z=L 
C 0 -C n 3 ML c .. ! v 4 rru 4 

£ £ 2 (16) 

Co -C f. 2 pRT Co -CL ( z e )2 f 2 _,£ 

B BblpalKeHHH (16) T H C n l!BnliiOTCll fjlyHKUHliMH OT Z , T,e, nan

Hoe ypaaaeHHe OTHOCHTCll K Knaccy TpaHCUeH/leHTHbiX ypaBHeHHli H !IpH 38-

LIBHHblX 3Ha'ieHHliX K03fjlfjJHUHeHTOB MOlKeT 6blTb pemeHO rpafjJH'ieCKH HflH 'IHC

neHHbiM MeTOLIOM, 0aHaKO 3TO ypaaHeHHe MOlKHO cyweCTBeHHO yiipOCTHTb, 
T -~ -

ecnH B BbipalKeHHliX Jlflll T H C OIIyCTHTb qneH O ( 1- r/1 ) H 
n 1- r/1 I 2 

~neplKaTb nHWb T 
0 

• TaKoe IIpH6nHlKeHHe JlOIIYCTHMO, TaK KaK T 0 .. T L , 
T -T~ 

1/J •r/1 H, cneaoaaTenbHO, T
0 
»~( 1-r/1,) ~HeTO'IHOCTb aToro IIpH6nH-

I 2 1- 1/J I 

lK8HHll MOlKHO 'iaCTH'IHO CKOMJieHCHpOBaTb 1 BB8/lll B COOTHOWeHHe (16) BMeCTO 

To+ TL 
aenH'iHifY T • 

2 
, C y'ieTOM 3THX ynpoweHHli ypaaaeHHe To 

(16) MOlKHO 3aJIHCaTb B cneJlylOlU8M BH/le! 

2 
__ 3 _ __ M_ 

2 p RT 

A+ BT 

crad c 

3 4wcr 4 

.,;--
<z e ) 2 

~ _ C0 -A-BT 

r 2 -r grad C 
(17) 

Llnll onpeaeneHHll HHlKHeli rpaHHUbl 30Hbl 'iYBCTBHTenbHOCTH1 KOTOpas 

xapa~TepH3yeTCll 60nbWOli 'iaCTOTOli CIIOHTaHHOrO 3apOlKLI0HHll yCTOli'iHBhlX 

UeHTpoB paccnoeHHll1 BOCIIOnb3yeMCll OCHOBHhlM KHHeTH'ieCKHM ypaaHe

/12/ 
aHeM EeKKepa-Ll~p~ara nnll cKopocTH reTeporeaaoro o6paaoaa-

HHS KpHTH'ieCKHX 3apOLibiWeli: 

9 



r•. N* s• 13 • v ~ 
vhkT Sa* 

(18) 

B sTOM Bbipa:lKeHHH I* oanattaeT ttaeno aapoAbiWeit paeenoenall KpHTHtte-

3 
eKOI"O pa3Mepa, 06pa3yiOII!HXel! 38 OAny eeKyHAY B 1 eM nepeebiWeHHOI"O 

paeTBOpa; s•. 4~r r*
1 

- noBepxnoeT& aapoAbiWa paAayea r* ; {3 - ttaeno 

eoyAapenaA MOJieKyn paeTBopennoro BeweeTBa o eAHHHUY noBepxnoeTH aapo

AbiWa 38 OAHY eeKyHAY; fl t/J* - M&KeHM8JlbHOe H3MeHeHHe TepMOAHH8MHtte

eKOI"O noTenuaana nepeeblwennoro paeTBopa npa o6pa30B&HHH B HeM aapo

AbiWa KpHTH'leC(KOI"O pa3Mepa; D* - ttHeno MOJieKyJI B 3apOAbiiUe; N* -epeA

Hee ttHeJio 38pOAbiWeit KpHTH'leCKOI"O pa3Mepa B eM
3 

paeTBOpa, H8XOARWHXel! 

B eTaTaeTatteeKoM paBHOBeeaa e N 

IUeeTBa B TOM :lKe '06'beMe. 

ttHeJIOM MOJieKyJI paeTBOpeHHOI"O Be-

Benattany N* MO:lKHO npeAeTaBHTb H3BeeTnoA cilopMynoA BonbUMana: 

h t/J* 
( . -- ) N*•Nezp- kT ( 19) 

nng 6HHapHOI"O paeTBOpa 

/8/ 
ht!J* RBJIReTel! M&KeHMYMOM eJieAYJOII!eit cPYHKUHH 

(eM. ): 

p 4w &c s a 
ht!J·--RT-----r +4~r r u 

M 3· C,. (20) 

3Aeeb HeUOJib30B8Hbl Te :lKe 0603HatteHHll0 'ITO H B cPOpMyne ( 15) • nnR 3apo

AbiWeit KpHTHtteeKOI"O pa3Mepa AOJI:lKHO BblllOJIHRTbeR 9KeTpeMaJibHOe yeJIOBHe 

at. t/J _,.._ 
8r 

1 ••• • -o. (21) 

no9TOMY H3 (20) H (21) eneAyeT, 'ITO 

ill''' 
~~\ 

!:; 

ii ,J 

( 

_P_RT 
M 

L\ c. 
c., 

(22) 

noAeTaBJillll Tenepb (22) B (20), nonyttHM HeKOMOe ypaBHeHHe AJill flt!J* 

3 

ht!J*· ~ lrU 
3 (L,RT &c• )2 

M --c:-
(28) 

C ytteTOM (22) llOBepXHOeTb 38p0Abllll8 Sot 38llHilleM B eneAyiOWeM 

BHAe: 

s• • 4.,. < 2, • ) 

..£_ RT 
M 

t. c. 
en 

(24) 

BenHttHny D* , BXOARWYIO B cPOpMyny ( 18), MO:lKHO onpeAeJIHTb, HeXOA$1 H3 

06'beMa 38pOAbiWa, MOJieKynRpHOI"O Beea H llJIOTHOeTH BeweeTBa B 3apOAbiWe. 

He npHBOAll 3Aeeb npoeTbiX BbittHenenaA, aanaweM: 

s 2u ) 
P ..1!L < t. c.• . a*• NoM 3 .JL RT -e-

M n (25) 

I"Ae NIt - UOCTORHHSR ABOI"&Apo. 

npoeTO MO:lKeT 6biTb naAAeHa' H BeJIH'lHHa N , BXOARIIIaR & cPOPMYJIY 

(19): 

PI 
N •N0 -- C,., 

M2 
(26) 

I"Ae pI H M I- llJIOTHOCTb H MOJieKyJilJPHblit Bee paeTBOpHTenR. 

8 ypaBHeHHH (18) HepaeKpbiTbiM llOKa OeTaeTCR eOMHO:lKHTeJib {3 • 

Ero l!BHblit BHA npowe Beero MO:lKeT 6biTb yeT.aHOBJieH H3 H3BeeTHOI"O 38-
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KoHa nu~~y3aoro nepeaoca semecTBa B pacTsope. H3 aero, B qacTHOCTH, 

cneayeT, 'ITO noToK MoneKyn npHMeCH B pacTsope qepe3 nnomaaKy 6. S , aop-

ManbHY~ K 3aaaHHOMY HanpaBneHH~, 38 BpeMH tJ. t COCTaBnHeT 

rae a 

pe. no 

1 - . 
6.N•--Na6.S6.t, 

6 

- cpeaHHH CKOpOCTb TennOBOrO aBH*eHHH 
6.N 

onpeaeneHH~ f3 • , noaTOMY 
6.S6.t 

f3 -
1 

6 
N ii . 

(27) 

MOneKyn npHMeCH B paCTBD-

(28) 

B cso~ oqepeab, H3 ypaBHeHHSI nnH KOa~~HUHeHT8 llH~~Y3HH D=-
1
-aA, 
3 

HMeeM 

i'- 3 .E._ 
A ' 

(29) 

rae A .- anuaa cso6onaoro npo6era MoneKyn npHMeCH B pacTsope. Ens 

*HaKHX pacTsopos senH'IHHY A MO*HO OTO*lleCTBHTb C Me*MOneKyngpHbiM 

paCCTOHHHeM 8 noacTaBnHH (29) s (28) H npHHHMaH A • 8 , nony'IHM: 

~~ 

fJ • _l_N ....!?_ 
2 8 • (30) 

Co6upaH Tenepb ypaBHeHHH (18)- (30) H aenaH npoCTbie npeo6pa30Ba

nony'IHM OKOH'IaTenbHY~ ~OpMyny anH 'IBCTOTbl ~nyKTYBllHOHHOrO 38p0-

*aeHHH UeHTpOB paccnoeHHH KpHTH'IeCKOrO p83Mepa: 

(31) 
I*.( N e ~ ..!!.._ )2 ...!L...; 161" ( _1 __ )s/2 

0 
• P M 

2 
R r 8 3 6. e• 

exp[- 16wa' ] . 
3kT(LRT Ae* 2 M --) 

en en 

12 

B Ka'lecTse I.pHTepHH ans ycTaaosneHBH HB*Hell rpaHBilbl 30Hbl 'I)'BCTBBTem.-

-3 -1 HOCTB MO*HO npHHHTb I* ., 1 CM • ceK • 

nns TO'IHOrO pemeHBH llOCTaBneHHOll 38A8'1B - onpeaeneHBH HB~Hel! 

rpaHHUbl 30Hbl 'IYBCTBHTenbHOCTH - aeo6xoauMo cHa'lana pa3pemBTb. ypasaeuue 

(31) OTHOCHTenbHO A e• I 38TeM A e. npupaBHHTb K lie (H3 ypaBHeHBH 

(14)), H nony'leHHOe paBeHCTBO pemHTb OTHOCHTenbHO Z 0AHaKo peana-

30B8Tb TaKoi! UIIBH nocneaoBaTenbHblX npeo6pa30B8HHil He npeACT8BnHeTCH 

B03MO*Hb1M H3-38 TpaHCUeHaeHTHOCTH ypaBHeRHH (31 ). 3aAa'la MO~eT 6b1Tb 

pemeHa nHmb 'IHCneHHblM HnH rpa~H'IeCKHM MeTOAOM. HB~e STO 06CTOHTenb

CTBO 5yaeT npounn~CTpHpOBaHO Ha npHMepaX onpeaeneHBH WHpHHbl 30Hbl lfYB-

CTBHTenbHOCTH B AByX *HaKHX paCTBOpax. 

4. CKopOCTb pocTa Kanenb B pacTsope u speMH 

yl-(aneHHH HX H3 30Hbl lfYBCTBHTenbHOCTH 

Oepexoa 3apOAbJma s 38KpHTH'IecKy~ o6naCTb B nepechlmeHHOM paCTB9-

pe 6yaeT COUpOBO~aan.CH .HeorpaHH'IeHHblM ero pOCTOM 38 C'leT H36biTO'IHOrO 

semecTsa, BbiAen~merocs H3 pacTsopa. CKopocn. TaKoro pocTa MO~Ho ona

/13/ 
caTb npa6nu~eHHbiM ypasaeaueM Xa3eHa : 

r • J,. D, t I (32) 
p 

rae p - nnOTHOCTb 38pOAbiW8 (HH*e 6yAeM H83biB8Tb Kanneli),; p 
0 

-;- nap-

UH8nbH8H nnOTHOCTb B9W6CTB81 p8CTBOp9HHOro B nepeCblW9HHOM paCTBOpe, 

p a - nnOTHOCTb TOrO *9 B6W9CTB8 B H8CbiW6HHOM paCTBOpe; I - paaHyC 

Kannu, t - speMH ee pocTa. 

OpuauMas ans ~uaKocTeA D paBHblM 10-5cM
2 

-CeK- 1 
p 0 •0,1 p 

H Pa =0,05 p 1 'ITO 06bi'IHO HMeeT MeCTO anH Cna6bJX p8CTBOpOB
1 

H HC-

nonb3YH ypaBHeHHe (32), Hai!aeM BpeMH1 He06XOAHMOe anH p0CT8 Kanenb OT 

-4 ' KpHTH'IeCKoro pa3Mepa AO .suauMoro pa3Mepa • 5·10 eM. Bbi'IHCneRHH no 

~OpMyne (32) aaJOT t "' 0,2 CeK. 
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8o3HHKWHe B paCTBOpe KannH 6ynyT onyCK8TbCH BHH3 nOQ QeACTBHeM 

cHnhi THJKeCTH no 3aKOHY CToKca (npennonaraeM, 'ITO ynenbHhiA sec Kanenh 

6onhwe, '!eM ynenhHbiii: sec pacTaope ) : 

2r 2 C(p-p')(f1'+'7) 

a • 
9,'<2,'+·3'7) (33) 

rne a - CKOpOCTb naQeHHHi 1- yCKOpeHHe CHnbl THlKBCTHi p H '7 -nnOT

HOCTb H BH3KOCTb lKHAKOCTH, o6pa3yiOlllell: KanniO; p' H '1' - nnOTHOCTb H 

BH3KOCTb pacTaopHTenH. Y'IHTbiBaH B (33) 3Ha'leHHe r 2 H3 BbipaJKeHHH (32), 

6yJleM HMeTb: 

4D 

•• 

Pe-P • 

p 
l(p-p')(TJ'+'I) 

9"'(2!7'+·3,) 

t • (34) 

OueHHM Tenepb, nnH npsMepa, aenH'IHHY a AnH Kanenb 1 pOlKA8IOWHXCH 

B paCTBOpe MeTHnOBOrO cnHpTa B reKCaHe npH KOMH8THOII: TeMnepaType. H3 
. , -3 -3 

cnpaBO'IHblX A8HHbiX HMeeM: p-p -(),12 r,CM 0 7J -6•10 H 

, -3 -1 -1 ( 
'7 =3•10 r,CM Celt , fiOACTaBnHH B 34) 3TH Jl8HHbl8 H A8HHb!e AnH p

8
, 

Pa ' p H D , ltOTOpb!B HCDOnb30BanHCb BbiWe npH Bbl'IHCneHHH t 

QeM HMeTb: 

fipH 3TOM nyTb naAeHHH S 

a • 3.10-'t . 

Kanenb 3a apeMH 

s-
3.11-s 
-2~ 

t• . 

COCTaBHT: 

• 6y-

(35) 

(36) 

0TCIOAa CneJtYeT, 'ITO eCTeCTBeHHOB ynaneHHe Kanenb H3 'lyBCTBHTenbHOII: 

30HM rny6HHOII: B HeCKOnbKO CM JlOnJKHO npOHCXOAHTb 38 AeCSITKH CeltyHA. 

B ypaaaeHHH (32) He y'IHTwaancH nononaHTenhawll: poeT Kanna 3a C'leT ee 

14 

nepeMeweHHH H3 o6eAaeaawx cnoea pacTaopa ao ace 6onee aacblweHH&Ie 

cnoH. Y11eT sToro o6cTOHTenbcTaa AOnJKeH npuaecTH 1t 6onee cHnbaoll: 3aascu

MOCTH CKOpOCTH pOCTa Kanenb OT Bp8M8HB H, cneAOBaTenbH00 It CO!tpaweHHIO 

nepHOJl8 npe6biBaHHH HX B 'IYBCTBHTenbHOII: 30He paCTBOpa, 

5, qaCTRble cny'laB npHMeHeHHSI TeOpHH 

8 Ka'leCTBe HnniOCTpauHlt pa3BHTblX 3AeCb nonoJKeHBlt 0 WBpHHe 30Rbl 

'lyBCTBHTenbHOCTH H DOTOK8X Tenna H paCTBOpeHHOro BeweCTB8 B p8CTBopa~ 

paCCMOTpHM JlBYXKOMnOHeHTHbiB paCTBOpbi MBTHnOBOrO CnHpTa B reltCSHe H 

BOJlhi B 6ea3one • .llauawe pecTaOpbi ab16paa&I no coo6palKeHHRM nonaoTEil ua

~opMaUHH 06 HX paccnoeHHH H 'IHCTbiX KOMnOHeHTaX, 3TH paCTBOpbl HHTepeo

Hbl TaKJKe H B TOM OTHOWBHHH, 'ITO OHH COCTORT H3 KOMnOHBHTOB C 60nbWHM 

COAepJKaHHBM BOAOpOAa, 

a, M e T H n 0 B bi lt C n H p T r e K c a H, llpHMeM AnHHY uunitaApa L , 

aanonueuuoro pacTaopoM, paaaolt 12 CM, 06nacTb pa6o'IHX•TeMnepaTyp nycTb 

npOCTHpaeTCll OT 20 AO 46°C, T,e, Jlnll BepXHelt 'laCTH UHnHHJlpa npHMQM 
0 0 . 

T 0 =319 K, a nnR HHJKaelt - T =-293 K. BHyTpH sToro AHana30Ha TeMne-
/14/ 

paTyp pacTaop xapaKTeps3yeTCH Kpuaolt paccnoeaHR , ByAeM C'!:HT8Tb 

T8KJKe, 'ITO Ha TOpUaX UHnHHApa no.aAeplKHB8eTCR cneAyiOW8ll BBCOB8ll KOH

ueHTp8UHH MeTunoaoi-o cnspTa a reKcaae: C0 •0,19 H C L -o,07, Tor.aa, KaK 
/14/ 

cnenye'l' H3 Kpaaoll: paccnoeaHR , Kanna, o6pa3yiOwuecR a pacTaope, 6y-

AYT cocToliTb H3 0,6-MonbHbiX qacTelt MeTanoaoro cnupTa H 0,4 - reKcaaa, 

.llssneKTpH'IQCKHe fiOCTOliHHble paCTBOpa H KaDenb, paCC'IliT8HHble no napUH

anbHblM 3H8'1QHHRM LIHSnexTpH'IQCKHX npOHHuaeMOCTell: 'IHCTblX KOMnOH8HTOB 0 

paBHbi: f •2,42 H f I c12, fioaepXHOCTHOe Ha'I'RJKQHHe t1 Ha rpaHH·Ue 

MelKAY Kannel!: H paCTBOpOM1 Halt.aeHHOe no npaaany AHTOHOBa, liMeeT 3H8-
-1 

'leHse 2 .DHH,CM • Hcnonb3yeM TaKJKe cneAyiOwse Ta6nH'!Hbie .aaHHbie: 

-1 -3 M =32 H M2 =86,18 r.Monb , p •0,82 H p 1 -(),66 r•CM , 
-1 -1 -1 -1 -5 2 -1 

A =0,13 BT M rpaA , C~ .. 0,6 Kan r • rpaA • D .. 10 eM ceK H 
-8 lJ =2,5•10 CM, 

no.aCT8HOBK8 STHX A8HHblX B ~OpMyny (7) Jl8eT Qnll nOTOK8 paCTBopeH-
-8 -2 -1 

uoro aewecTaa 3Ha'leuse D 1 =8·10 r CM celt • 0Tc!Ona cne.ayeT, 'ITO 

15 



______ _,__._._..._~ ·-L ~ ... 

n,c -4 -1 ---P = 1,5 • 10 eM • ManocTb SToll senH'lHHbi noasonseT a ~:tanhHei!:wax 
>. 

p8C'l8T8X nonb30B8TbCSl $OpMynoll (9') BMeCTO (9). 

) -4 -2 -1 
floToK Tenna, aall~:teHHbil! no $opMyne ( 11 , pasea 6,5·10 Kan.cM ceK 

PeaynhTBTbi ~:tpyrHx Bbi'lHcneaall - pacnpe~:tenoHHH TeMnepaTYPbljB KOHUeHTpa

·uaa a pacTsope - npeACTasneHbi rpa$HKBMH sa pac.1. flpRMbie 1 H 2, B co

OTBeTCTBHH C $opMynaMH (9) H (6), H30I5palK810T H3MeHOHHR TOMU8P8TYpbl 

H KoaueaTpauaa·c rnyl5aaoA,pacTsopa. Kpasas 3 npeACTasnseT col5oi!: rpaaauy 

H8CbiiU8HHOrO paCTBOpa C 
11 

• 3Ta KpHBaSI nocTpOeHa no SKCnepHMGHTan&HbiM 
- /14/ 

~:taHHbiM, 3aHMCT80BaHHbiM H3 pai50Tbl • 015naCTb, aaKniO'{GHHaR MelKAY 

npRMOll 2 H KpHBOll 3, SIBnH&TCSl o()naCTbiO nepe¢biiii8HHOrO pacotBOpa. l.faCTb 

STOll o()naCTH, nelKBIIIOA MeJKAy TO'lKa~H Z I H Z ll , npeACT8Bnl18T co6oll 

30HY 'fYBCTBHTenhHOCTH paCTBOpa. 8 STOll 30H8 HOHbl HBnHIOTOSI 8KTHBHbiMH 

ueaTpaMH paccnoeHHH pacTBopa. 

BepXHHH rpaHHila 30Hbl 'fYBCTaHTen&q;9¢TH Z.1 nonyqesa nyTeM rpa,.. 

cpaqecKoro pewesHH paseacTaa A C k•C-iC. , rAe aaaqeaxH Ans C a c., 
6panHCb H3 KpHBbiX pHCYHKa 1, a B&nH'fHHa tiCl< paCC'IHTbiBanaCb no $OpMy.-

ne 

nhi 

T·· 

(15). flonOJKeHH8 

(31), B KOTOpOA 

HHlKH&ll rpaHHilbl Z ll onpeAenRnOCb C nOMOWb!O !lJopMy..., 
-3 -1 I* ttp11HBManOCb paBHbiM 1 CM CeK H 

T8 +T L -,- Csa'lana .H3 $opMYnbi (31) 15blno ~aAAeHo ycnoaue sa nono-

lKGHHe rpaHHUbl 
c 

AC•< -..:..L 
- 5 

, . aa,TeM Ha rpacpsKax psc. 1 OTbiCKaaanacb Koop-

AHH8Ta Z ll , AnSI KOTOpoA 

ycnOBHIO. 

C • . s A C •·C -i C 11 YAoaneTBOPHnH AaHHOMY 

KpHB8R 4 H30I5paJKaeT rpaHBilY AOnyCTBMOll KOHileHTpaUBH paCTBOpa, 

ee KoopAHHBTbl onpeAenHnHCb, no npeAen&,oA $opMyne: 

C • C .+ A C • • 1.2 c . "' 
Ha pHCYHKa BHAHO, 'ITO B paCTBOpe MOTHnOBOrO C~HpTa B reKCaHe qpH 

Bbi6paHHbiX Ha'f8nbHbiX yCnOBHSIX WHpHHa 30Hbl 'fYBCTBHTOnbHOCTH COCTaBnReT 

OKOnO 6 CM. QqeBHAHO, 'ITO npH tOOTBOTCTBYIOIII~A OnTHMH3aUitH BOnH'IHH 

T 0 , TL , C 0 , CL H L aosy qyacTsaTenhHOCTH MOlKHO cywecTaeaao pacws

PHTh. 
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6. 8 0 1:t a - 6 e H 3 0 n. flpH paCCMOTpeHHH 9TOro paCTBOpa npHMeM: 
o o -3 -S 

L =12 eM, T 0 =S15 K, TL=293 K, C 0 =1,5·10 a CL •0,6·10 • 

floAp06HOCTH 

cnyqai!:. 0TM8THM 

Bbl'lHCneHHi!: onyCTHM, TaK KaK OHH nOBTOp!I!OT nepBbil! 

c 
nawb, 'iTO H3 ypaaaeHH!I ( 15) cneAyeT A c• < --"- . 

- 3 
PeaynhT8Tbl BCeX paC'leTOB OTpalKeHbl B BHI:t8 rpa$HKOB Ha puc. 2. 

/15/ 
.UaHHbiO ~:tnH nOCTpOOHHR rpaHHilbl H8CblW8HHll C., 6panHCb H3 pai50Tbl • 

KaK H B npe~:tbii:tyweM cnyqae, npsMaR 4 orpaHH'IHBB&T caepxy AonycTHMYIO 

KOHU8HTpaUHIO paCTBOpa • .Uns ee nOCTpOeHHll HCnOnb30BBnOCb npeAenbHOe 

ypaBHeHHe C • C +A~~~~ C • Ha pHCYHKa 2 BHAH00 'ITO B paCTBOpe 
" " 

BOI:tbl B 6eH30ne 30Ha 'IYBCTBHTenbHOCTH npOCTHp88TCR Ha BCIO rnyi5HHy co-

cy~:ta. 

PaCCMOTpeHHe STHX AByX '18CTHbiX npHM&poB noKa3biB88'1'0 'ITO B lKHA

KOM pacTaope MOlKHO HenpepbiBHO nOAA&plKHI'!aTb nepeCbll!l8HHOQ COCTO!IHB&, 

l:t0CT8TO'IH08 Anll o6pa30BaHHR TYM8H8 H8 HOHBX. 

flony'!81U1bl8 B pai50Te $opMynbl no380nl'10T CAenaTb BbiBOA, 'ITO npBBUHn 

)WitCTBHll ra3QBbiX AH!jxpy3HOHHbiX Tp&KOBbiX KaMep MOlK&T 15b!Tb BC&ueno nepe

H&Cell H8 lKHIUtOCTHbl& K8Mepb10 HanonHl18Mbl8 6HHapHbiMH paCTBOpaMH. fny -

15sHa cnOK 'fYBCTBHT&nbHOCTH B TBKHX KaMepaX MOlK&T npOCTHp8TbC!I Ha 

BCIO rnyi5HHY paCTBOpa •. 

.UaHHO& H¢cneAOBaHHe MOJK&T liBHTbCR OCHOBOft Anll paapa60TKH lKHA-

KOCTHbiX Tp8KOBbiX KaMep Henpepb!BKOA 'IYBCTBHT&nbHOCTH. 
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Te11nepamypa , oc . 
Pac. 1. Pacnpe.a.eneHHe TeMnepaoryphl H xoaueHTpallHH MeTHnoaoro cnHpTa a reKeaae 

DO rny0HH8 paCTBOpa. 1 - TeMnepaorypaj 2 - KOHU9HTp8UHS; 8 - rpaHBU8 
H8Cbiiil8HHH; 4 - rpaHHUbi ,llODYCTHMOT'O nepeCbiWeHHH. 

g - 30H8 nepeCbiW9HHS1 m - 30HB 'IYBCTBHT9nbHOCTH. 

19 



i~-

.f 
42 ~--~--~----~---.----.---~---------.----.----.----.---~t7 

40 

38 

36 

34 

i;i 
~ 

32 

~ 30 

~ .., 
28 0 ~ 

s:» .. 
~----~----~~--+-~~~~~~~~~~~~~~-+---~~----~----~----~to ~ 

c:: 

~ 26 0,9 c:!i 
·\lo 

24 

22 

20 
0 1 2 3 4 5 6 7 8 9 10 11 
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