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1. B B e a e H H e 

B neaaBHO 
/1,2,3/ ' 

ony6nHKOBaHHb!X pa60TaX 06Cy:1KJlll,naCb, B03M0:1KHOCTb 

HCnonb30BaHHH S~~9KTa paccn09HHH 6HHapHb!X :1KHAKHX paCTBOp0~1 npoHCXOAa-

mero nOA A9fiCTBH9M HMnynbCHOI'O AaBn9HHS! HnH T9MnepaTypb!1 JlnS! C03Aall:HS! 

:1KHAKOCTHbiX Tp9KOBbiX KaMep HOBOI'O THna. B STHX pa6oT8X T90p9TH'i9CKH noKa-

saHO, 'iTO HOHbl 1 o6pa3y9Mbl9 'iaCTHUefi B paCTBOpe, CTaHOBS!TCSl aKTHBHbiMH 

ueHTpaMH ero paccnoeHHS! npH nepecbiUl9HHH. Ha TaKHX HOHax B03HH~aroT 

MHKpOO'fai'H o6pa30BaHHS! HOBOfi ~a3bl 1 paspacTaiDUlH9CSI 3aTeM JlO BHJlHMb!X 

pa3M9p0Bo C uenbiD K8'19CTB9HHOfi npOB9pKH 9TOI'O BbiBOJl8 6bin npOB9Jl9H 

cneuHanbHbr:lt onbiT c pacTBopoM HHTpooeasona B reKcaae, oony"'aeMoM 

y -KBaHTBMH OT Ko6anbTOBOI'O HCTO"'HHKao B OnbiT9 6binO ycTaHOBneHo/4/ 1 

'iTO M9:1KJlY nnOTHOCTbiD 00p83YIDIUHXCS! HOHOB B PBC:::TBope H CKOpOCTbiD 9I'O 

paccnoeHHH cymecTsyeT onpeneneHHaS! aaBHCHMOCTb. B TOM .:1Ke sKcnepHM9HTe 

OblnO OTM9'19HO TaK:1K9 38M9TH09 BnHS!HHe Bb!COKOBOnbTHOI'O HMIIynbCHOI'O 

sneKTpH'i9CKOI'O nonS! Ha CTeneHb nepeCb!Ul9HHS! paCTBopa H 6biCTpOTy ero Bb1-

naaeHHH H8 HOHaX. 3TO o6CTOHTenbCTB01 Hl'l HaUl B3I'nS!A, np9J:ICT8BnSleTCS! B9Cb

M8 HHTepeCHbiM 1 ToKo npH rtpaKTH'19CKOM npHM9H9HHH a¢~eKra paccnoeHHSI 

AnSI pei'HCTpaUHH 'i8CTHU ynpaBn9HH9 STHM npoueCCOM C nOMOUlbiD sneKTpH'i9C-

KOI'O nons M0:1KeT OKa3aTbCS! HaHoonee npOCTb!Mo Bo3M0:1KHOCTb TaKo:fi nep-

cneKTHBb! no6yAHna 8BTOpOB AaHHOfi pa60Tbl BbiiiOnHHTb T90peTH'i9CKHfi aHanH3 

II9p9Cb!Ul9HHS! paCTBOpa H 9I'O paccnoeHHSI Ha HOHe, Bbl3b!B89MOI'O A9fiCTBH9M 

BH9UlH9I'O aneKTpH'i9CKOI'O nonS!. f:IH:1Ke H3nBI'810TCSI pesynbTaTbl 9TOI'O aHa-

nHsa H aaa:a aKcnepHMeHTanbHaS! HX nposepKa. 
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2. BnHHHHe anexrpn~ecxoro nonH .P8 xonaenrpaanro 

p8CTBOp8 

Hs oowHx rrono~eHH~ HepaBHosecHo~ TepMoaHHaMHKH/5/ cneayeT, qTo 

Hano~eHHe gneKTpHqecKOrO rronH Ha paCTBOp MeHHeT ero TepMOaHHBMHqec-

KHe rroTeHUHanhl. OaHo~ H3 peaKUH~ pacTBopa Ha H3MeHeHHe 3THX rroTeHUHanoB 

HBnHeTCH H3MeHeHHe ero KOHUeHTpaUHH. Ha~aeM senHqHHy 3Toro HsMeHeHHH. 

TepMoaHHaMHqecKH~ rroTeHuHan fH66ca anH pacTBopa, rroMeweHHoro 

B gneKTpHqeCKOe none HaiTpH~eHHOCTH E, paBeH/5/: 

rae 

£ E 2 
~ = U + PV- TS- -- V 

417 

U - BHyTpeHHHH 3HeprHH pacTBopa, 

(l) 

S - ero 3HTpOITHH 1 p_ BHeWHee 

aasneHHe, T - a6comoTH8H TeMrrepaTypa 1 E - HaiTpH~eHHOCTb 3JleKTpH'l:eC-

KOrO ITOJJH B paCTBOpe 1 f -aH3JlOKTpH'l:eCK8H ITOCTOHHH8H paCTBOpa, V -yaenbHhl~ 

oo'heM paCTBopa. HesaBHCHMb!MH rrepeMeHHh!MH B 3TOM rroTeHUHane HBnHIOT

CH P, T H E • B ToqKe ljlasosoro rrepexoaa rrepsoro poaa - ToqKe paccnoe

HHH - aon~HO CooniOaaTbCH paBHOBeCHe Me~ay CTapo~ H HOBOH ~a3aMHo Ha 

H3h:Ke TepMOaHHaMHKH 3TO aon~HO 03H8'18Tb paBeHCTBO ITOJlHh!X aH~~epeHUH

anoB OT TepMO!IHHBMHqeCKHX ITOTeHUH8JlOB !IBYX cocywecTBYIOWHX ~a3/6/ 1 T.e. 

-. d <l> I ~ d <1>2 • 

J.13 rpopMynbi ( 1) cneayeT, 'ITO 

F2 
d<l>=dU+d(PV)-d(T S)-d(-'-~- V). 

411 

B CBOIO O'!epellb, 

dU=(..i!J!_) dP+(..i!J!_)' dT= 
aP T aT P 

= (- T ( ..!!..:i_ )P- P ( ~ )T] dP+ [ C P- P( ~ )P] d T, 
aT aP dT 
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d(PVl=( a(PV)) dP+(a(PV)) dT=[V+P(av) )dP+P(.£Y.) dT, () ap T aT P aP T aT P 5 

d( TSl=(a( TS) )T d P+( a( TS)) d T =-T( ~)pdP+ C pd T + S d T 
ap aT P aT . ( 6) 

I 
£E2 £E2 £E2 

d(.!!_y)., 
417 

a<- vJ a<- v1 d(-4 - v.J 
417 ) ( 417 17 • 
aT P,EdT+ aP )T,EdP+( a~e )T,PdE• 

' 

E
2 a, · £E 2 av E

2 a, ,E2 av . 
• [---4 V ( -() Jp gt-4-( ~T Jp E )dT+(-- V (-a-)T E +-4-(--)T E) d p + 

17 T • 17 a I • 417 p • rr a p • ( 7) 

c E l E
2 a V 

+[-- V+-(--) ]dE • 
217 'ITT dE T,P 

TioactraBi'!HH Terrepb Bb!pa~eHHH ( 4) - ( 7) B ( 3) H yqHTbiB8H. paBeHCT~Q (·2) 

oyaeM HMeTb: 

[ E2 iJ c a v 11 r E2 < al a v 1 1 AI V--(V-+£- dP- - V- + (- + s d T-
4rr aP ap 4rr aT aT (8) 

lE £E
2 av 

-[- V+--(-)]dEI=O. 
211 411 dE 

CHMBon !J. 03HaqaeT pasHOCTb BenHqHH 1 OTHOCHWHXCH K HOBO~ H CT8-

po~ ~asaM, HarrpHMep, !J. V = V 2 - V 1 , rae V 2 - yaenbHbi~ oo'heM Hosoil: 

~83bl H VI - CTapo~ ~83blo 

nanbwe oyneM paCCMaTpHBBTb cnyqa~1 Koraa BHeWHee nasneHHe B CHC-

TeMe HeH3MeHH01 T,e. d p = Q, lJHCJJeHHhiMH pacq~T8MH MO~HO ITOK838'1\b1 'ITO 

anSI cnaoorronSipHbiX ~HaKHX paCTBOpOB ( Mbl HHTepecyeMCSI TOnbKO HMH·) 

gneKTpocTpHKUHOHHoe H3MeHeHHe oo'heMa 
av 
d'E""o. C yq~TOM 3Toro rrpHonH 

~eHHH ypaBHeHHe (8) MO~HO 38ITHC8Tb B cneayiOWeM BHae: 
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E
2 ac av cE 

~l£--CV- +E--)+ S]d T+ -
2

- V dEl,. 0. 
41T aT aT IT 

( 9) 

oTO ypaBHeHHe HBnHeTCH HCXOnHbiM nnH onpeneneHHH CMSIDSHHH TeMnepaTypbt 

8T paccnoeHHH pacTaopa npH Hano*eHHH Ha aero aneKTpHqecKoro nonH, 

Ha (9) cneayeT, 'ITO 

E 
E 2iT (Ea V2 -Et VI )dE 

aT=- J 
- o 2 a 

E a c 2 c 1 a v 2 a v1 --(V 2 ---V 1 --+c 2 ---c 1 ......-:;;-} +q/T 
41T aT aT aT aT 

( 10) 

c
2

V
2

-c
1 

V
1 

I 2 ac2 av 1 av2 av1 
4'i7E (V2dT-VI d'T+£2 dT-fldT}+q/T 

In 
ac2 act a V2 a VI 

v2 aT- vi aT +£2JT -c ~a:r-
q/T 

3necb yqTeao, 'ITO 5 2 - S 1 = q/T , rne q - TennoTa paccnoeHHH, CMewe-

HHe TeMnepaTypbi paccnoeHHH Ha 8T 9KBHBaneHTHO nepeCbtWeHHIO paCTBOpa 1 
KOTOpoe p8BHO: 

-. 
ac,.~oT, 

aT 

ac 
rae ---- - ITpOH3BOLlH8H BLlOnb KpHBO~ paccnoeHHH B TO'!Ke C • 

aT 

3. BenHqHna KpHTHqecKoro nonH 

( 11) 

Done, COOTBeTCTBYIOWee BepxHea rpaHHUe 'lyBCTBHTenbHOCTH paCTBOpa 

K paccnoeHHIO Ha HOHaX, 6yneM Ha3btBaTb KpHTH'leCKHM, 113 pa60Tb/ 1/ I;;J!Q

nyeT, 'ITO KpHTH'!SCKOe nepeCbt!DeHHe paCTBOpa, npH KOTOpOM HOHbl CTaHo

BHTCH USHTPaMH ero oaccnoeHHH, paBHO 

lJ C = 2._ ~ ~I 41T U4 £ I • £2 
k 2 v--- ---

p R T ( z e )2 £2- £ I 

( 12) 
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rne · p nnOTHOCTb paCTBOpa B Kanne M - MoneKynHpHhlA aec sewecTBa 

a Kanne , z e 1 - aapHn HOHa, u - nosepxaocTaoe aaTH*eHHe Ha rpaaHue 

paanena Me*nY pacTaopoM H KanneA, o6paayroweAcH Ha Hoae, 06'benHHSISI Te

nepi. COOTHOID8HHSI ( 10) - ( 12) H paspeWaSI nony'l8HHOe. Bbtpa*eHHe OTHOCH-

TenbHO E k 6yneM HMeTb: 

ac2 ac, av2 avl 
V2 dT- VI "d"f H2"d"f -£I dT 

)-
3 4 ( •( 

3 MC I _,/ 4~ra _1_2_ 1/2 

exp(-2PRTOCi'dT" M £ 2-£1 £2 \'2- f I v, ] .( 13) 

Ek=[4"-1- a a av. avl 
(2 (I 2 ( --

v2 aT - VI aT + f 2 aT - I a T 

Bbipa*eHHe, cToHwee non sHaKoM aKcnoHeHTbi B ( 18) nns acex aaaqeaHA 

napaMeTpoa, KOTOpbte xapaKTepHsyroT paccnaHaarowHecH pacTBopbt, no. aoco

nroTHoA aenH'lHHe sHa'lHTenbHO MeHbwe enHHHUbt, OoaToMy 9KcnoaeHuHanblibiA 

qneH MO*HO paanO*HTb B CTeneHHOti: pHn. H orpaHH'lHTbCSI B HeM nep~b!MH 

nayMH qneHaMH, BbmonHHB aTy onepauHIO H cnenaB npocTbte npeoopasoBaHHH, 

JlOJlY'UIM: 
~ MC 1 

-2- pRT acjaT 3 417 U
4

•Et•'2 t/2 
E k.,[_ 411-q y ] 

T 2 
( z e) ( E2 - E t 

( 14) 
E2 V2-EtVt 

ciJH3H'leCKHA CMbiCn 9TOrO ypaBHeHHSI 3aKniO'!aeTCH B cnenyroWeM : npH B03paC

TaHHH HanpH*eHHOCTH 911eKTpH'leCKOrO nonSI no BenH'lHHbl E k B paCTBope 

aa HoHax 5yllyT pacTH aaponhtWH, HMerowHe panHyc r,? r k , rne r k onpe

nemreTCSI cnenyroWHM Bbtpa*eHHeM/ 11: 

a ( z e )2 ,...;_ 
k 41TU 

£2- E I 
I ( 15) 

f I • f 2 
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DpH · aanhHell:rueM :>Ke rroBbimeHHH rrons:~ ( E > E k) Ha HOHax 6yayT pacTH ace 

3 apOJlblliiH CKOnh ·yrOJlHO MSnbiX pa3MepOB, 

3aech He paCCM8TpHB8eTCSI KHHeTHK8 pOCT8 38p0Jlhllii8 1 TSK KSK 9T8 

3aaaqa pemeHa B paooTe/3/, 

4. CpaBHeHHe c onbiTOM, Bbrao.a 

llnH rrpoaepKH cnpaBe.llnHBOCTH $opMynbi ( 14) H1 cneaoBaTenbH0 1 B03-

MO:>KHOCTH ynpaaneHHSI npouecCOM paccnoeHHSI paCTBOpa Ha HOHSX rryTeM HS

no:>KeHHSI BHeliiHero nonSI Oblll BbiiiOnHeH OnbiT C paCTBOpOM HHTpooeH3ona 

B reKCSHe C BeCOBoa KOHUeHTpauuell: 0,2, 

BonH3H TO'IKH paccnoeHHSI 9TOT pacTBop xapaKTepH3yeTCSI cneayiDmHMH 

Jl8HHbiMH: M"' 100 r,Mom:.-1, · P = 0 87 r,cM-3 . . . T = 288°K, E 1 = 2, 

£ 2 5, U. = 0,5 JlHH,CM-1, q/T"' -0,24 Kan,r,-1rpaa,-1, V1 = 1,36cM3r-1, 

v2 1,16 CM3 r, -1 1 a C/a T= 0,03 rpaJl, -1, DoacTaBnSISI 9TH Jl8HHbie B 4Jop-

Myny ( 14) 1 oyneM HMeTb: 

rne z 

z 

400 !!!. 
CM 

E 
k 1,73 

z 

npHHHMaeT 3HS'IeHHSI z a 1, 2,3 .. , H KpaTHo 3aps:~ny HoHa, DpH 

E "' 400 .jgL 1 npH 
k CM z - 2 E k "' 320 ...li!!. • BHJlHO, 'ITO 

CM 

KpHTH'IeCKOe 3HS'IeHHe nOnSI no nopSIJlKY BenH'IHHhl onH3KO K npOOHBHOMy, 

B ,onbiTe KIOBeTa c paCTBOpOM oonyqanach y -KB8HT8MH OT KOoanh

TOBoro HCTO'IHHKa. BenH'IHHa 9neKTpH'IeCKoro rrons:~, KOTopoe HaKnaJlbiBanocb 

aa pacTaop, obma HH:>Ke ero rrpooHBHoro 3Ha'leHHSI, DpH nnHTenhHOCTH HM

rrynbca to-3c~K oao oKa3anoch paBHbiM 200 KBI CM, B nons:~x :>Ke "' 300-

400 KBicM aaoniOnanoch cHnhHoe caeqeaHe pacTBopa, 'ITO orrpeneneaao yKa·-

3biBano Ha BTOpH'IHbie 11pOUeCCbl1 CBSI38HHbie C '18CTH'IHbiM aneKTpH'IeCKHM pa3-

PSIJlOM B pacTBope, 

B 9TOM OnbiTe onTH'IeCKHM MeTOJlOM/4/ orrpeaensmaCb CKOpOCTb pac

CnOeHHSI pacTBopa rroa nell:cTBHeM 9neKTpHqecKoro nons:~, Bhmo ycTaHoBneao, 

'ITo B rrons:~x 200 KBicM paccnoeHHe pacTBopa npH oony'leHHH y -KBaHTaMH 

8 

HJleT rrpHMepHO B 1,5 pa3a 6biCTpee, qeM 6e3 o6ny'leHHst. 3ToT pe3ynhTaT 

MO:>KHO OO'bSICHHTh1 ecnH JlOnyCTHTh1 'ITO HOHbi1 o6pa3yeMbie Y -KB8HT8MH 1 

ycKopSIIOT npouecc 3apo:>KneHHSI Kanenb B nepecbimeliuoM pacTBope, licrronb3o

aauuoe B OllbiTe rrone no aenH'IHHe oKa3anocb MeHbwe pacq~Tuoro, 3To KOnHqecT

BeHHoe paCXO:>KJl9HHe CBSI38H01 no-BHJlHMOMy 1 C JlBYMSI OOCTOSITenbCTBaMH, 

Bo-rrepBbiX1 npH Bbi'IHcneHHH aenH'IHHbi F. " rro 4JopMyne ( 14) Hcrronb3oBanHCb 

npHonH:>K9HHbl9 Jl8HHbie JlnSI q/T H U., 'ITO MOI'nO rrpHBeCTH K H9KOTOpOMY 

38BbiWeHHIO aenH'IHHbi KpHTH'IecKoro nons:~. Bo-BTOpbiX, non Jleil:cTBHeM Bbi

coKOBOnbTHoro nonSI HOHbl B paCTBOpe MOI'nH 'ISCTH'IHO p83MHO:>K8TbCH H 

OOp830BbiB8Tb 38pH:>KeHHbie ~OMnneKCbl C CYMMapHbiM 38pHJlOM Z > 1, 3TO 

SIBneHHe B COOTBeTCTBHH C Bbipa:>KeHHeM ( 16) Morno yMeHbillHTb BenH'IHHY E k• 

Pe3ynbTSTbi aaaaoro 9KcrrepHMeHTa H BbmonHeHHbiil: TeopeTH'IeCKHil: aaa

nH3 CBHJleTenbCTBYIOT 0 rrepcneKTHBHOCTH npoBe)leHHSI JlSnbHeil:mHX HCCneao

BSHHil: 9$$eKTa paccnoeHHSI pacTBopoB Ha HOHax non nell:cTBHeM 9neKTpHqec

Koro 110nSI1 TSK KSK 9TH HCCneJlOBSHHSI MOI'YT 11pHBeCTH K pa3p800TKe HOBOI'O 

:>KHJlKOCTHOI'O TpeKOBOI'O npHoopa, ynpaBnSieMOI'O 9neKTpH'I9CKHM noneM, 

flHTepaTypa 
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