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BBEAEHHWE

KaBuTanumsi — pa3pbIB CILUIOIIHOCTH XKUIKOCTH TIPU
PaCTSKEHUU, LIIMPOKO PaCIPOCTPaHEHHOE B ITPUPOIE 1
TeXHUKe siBJieHre. KaBuTtaius mposiBiisieTcsl mpy IBU-
JKEHUHU BOJbI MO KAIMUJIJIIPHON ceTu pacTeHU, mpe-
CTaBIISICT CBOETO poda “Oapbep” IS JOCTUKSHUS BbI-
COKUX CKOPOCTEIi ABMKEHUS B XKUIKUX CpeaaX, BbI3bI-
BaeT paspyllieHre MaTepuajoB U BO MHOTHUX CJIydasixX
yXyAIIaeT SKCITyaTalluOHHbIE XapaKTepUCTUKHU TUII-
PaBINYECKUX CUCTEM. Pa3pbIB CIIJIOIIHOCTH KUIKO-
CTH TIPOUCXONIUT B pe3yJibTaTe 00pa3oBaHUs 1 MOCe-
IYIOIIETO POCTa Mapora3oBhIX ITy3bIPbKOB. OOBIYHO
>KM3HECIIOCOOHBIE MY3bIPbKM (3apoibIlin) (HGopMuU-
pYIOTCS Ha TaK Ha3bIBaeMbIX “Cla0bIX MecTax”’ CH-
CTeMbl — PAaCTBOPEHHBII ra3 B TpelIMHAaX B3BEIIEH-
HBIX YacTUII, TJIOXO CMauyMBaeMble YYaCTKU CTEHOK
cocyna u ap. @usnyecku 6osiee MPOCTHIM U OMpee-
JICHHBIM SIBJISIETCS CTIOHTAHHOE BOBHUKHOBEHME 3apO-
JIbIIIeif HOBOM (ha3bl B UMCTHIX YCJIOBUSIX. DTOT IPO-
LIECC OTIUCHIBAETCS KJIACCUYECKOU TeOpUed 3apoibl-
meoo6pazoBanus (KT3) [1, 2].

CroHTaHHas KaBUTallUsI B OMHOKOMIIOHEHTHOI
XKUIKOCTHU paccMarpuBanach B padorax [2—4]. ['a3zo-
HaCBILLIEHHBII pacTBOP — ABYXKOMIIOHEHTHAs CUCTEe-
Ma. Hapsimy co cBOGOIHO MOJIEKYIIPHBIM OOMEHOM
MEXIY ITy3bIPbKOM U PACTBOPOM 3JIECh MOSIBIISIETCS
T GYy3NOHHBIN TTOIBOI MOJICKY/T PACTBOPESHHOTO Ta-
3a. Teopuu pacnajga rnepechieHHOTO Ta30M pacTBO-
pa IIpU MOJOXUTEIbHBIX TaBJICHUSIX ITOCBSIICHEI pa-
6otnl KyHu ¢ cotp. [5, 6]. Teopust BckunaHus repe-
IPETOro ra30HaCHIIIIEHHOTO pacTBOPa, C y4eTOM BCeX
OCHOBHBIX ()aKTOPOB, IMMUTHUPYIOIINX POCT ITapora-
30BOTO ITy3bIpbKa, MpeacTaBlicHa B padorax baiima-

150

koBa [7, 8]. 3mech paccMaTpuBaeTCs KaBUTaLlUSI B
pacTSHYTOM Tra30HaCBIIIIEHHOM pacTBope. AHAIU3U-
PYETCSI HEKOTOPBIM TIpeaebHbINA Ciydyaii 3apoablie-
oOpa3oBaHusl, Koraa (hakTopamMu, OIpeaesioIuMu
POCT TIy3bIpbKa Ha €TO HAYaJIbHOMW CTAIVW, SIBJISTIOTCS
BSI3KOCTb pacTBopa U IUMOY3MOHHBIN TTOABOA Tra3a K
Mmy3bIpbKy. OO0OCHOBaHUE U OTPaHUYEHMS TAKOTO Clie-
Hapusl 3apoibilieoOpa3oBaHUs TMPUBOASATCS MOCTE
TOJIy4YeHUsI KOHEYHOTO pe3yJibTaTa — ypaBHEHMUS JJIsI
CTAallMOHAPHOM YaCTOThI CTIOHTAHHOU KaBUTAILUU.

Hapsiny ¢ o61mmmu yepraMu, IpUCYIIUMU KaK Ol -
HOKOMITOHEHTHOM, TaK 1 MHOTOKOMITOHEHTHOM CH-
cTeMaM, IIpU 3apoabIlIeo0pa3oBaHMM B PaCTBOPE MO-
TYT IIPOSIBISATHLCS HEKOTOPEIE crienpnieckre 3 dex-
Thl. BHeceHue B nByX(da3Hyi0 OMHApPHYIO CUCTEMY
MaJIoro KOJIM4eCcTBa IIPUMECH, B 3aBUCUMOCTH OT IIPY-
POIbI PACTBOPUTENISI K paCTBOPSIEMOIO BEIIeCTBa, UX
TEPMOIMHAMUYECKOTO COCTOSIHUSI, MOXKET IMPUBOIUTH
KaK K €€ KOHIIEHTpaLMX B IOBEPXHOCTHOM CJIOE, TaK 1
BBITAJIKMBAHUIO 13 ITIOBEPXHOCTHOTO CJI05I B OOBEMHYIO
dazy. BTo U3MEHSIET ITOBEPXHOCTHYIO CBOOOIHYIO
9HEpruto cuctemul. [lposiBieHue “ancopOIMOHHOTO
addekTa” cirenyeT oxXKunaTh U B KABUTALMOHHBIX IIPO-
neccax. Kpome Toro, B pacTBope, riue Hapsiny ¢ nud-
(y3MOHHBIM, UMEET MECTO U CBOOOIHOMOJIEKYIISIP-
HBII OOMEH MeXAy ITy3bIPbKOM U €ro OKPYXKEHHEM,
CTalIMOHAPHOCTh IIpoliecca 3apoiblllie00pa3oBaHUsI
MOXeT ObITh HapyllleHa W MOTOK 3apOoblIllieii ToineT
HE II0 DHEePreTUYeCKM HanboJjiee BHITOMHOI TPaeKTO-
puu [9].

B manHoiT paboTe paccMaTpuUBaeTCs CTAlIMOHAP-
HOE 3apobIlIeco0pa3oBaHue B CJIa00OM pacTBoOpe Ipu
OOJIBIIIMX OTPHUIIATENTLHBIX MaBlIeHUIX. [IpencraBieHb!
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SKCIIEpUMEHTAIbHbIE TaHHbBIC TT0 KWHETUKE CITOHTAH-
HOI1 KaBUTALIMM METaHa, HachlllIeHHOro rejueM. J1o-
CTIDKMMEI TIeperpeB pacTBopa MeTaH—Teluil IIpu
MOJIOXKUTEIBHBIX TaBJICHUSIX METOIOM CPEIHETO Bpe-
MEHM XKM3HU paHee ObLT ncciaemoBaH B padore [10].
31ech METOIOM UMITYJILCHOTO ITeperpeBa B OTpaxkeH-
HOIi BOJIHE CXKaTHs OIpeelIeHbI IPeAeTbHbIC PaCTS-
JKEeHMSI pacTBOpa.

CraTbsl BKITIOUAET BBEICHUE, TEOPETUIECKYIO YACTh,
pe3yJIbTaThl 3KCIIEPUMEHTOB, COINOCTABJICHUE TEOPUU
U ONBITA, BEIBOJbI.

TEPMOINHAMUKA U KWHETUKA
KABHUTALMNU B CIIABBIX PACTBOPAX

PaccMmarpuBaeTcst o6pazoBaHMe cHEepUIECKOro Imy-
3bIpbKa B XKUIKOCTH, HACBIILIEHHON razoM. 2KUaKocThb
CUMUTaeTCsl HeJeTydyeil, pacTBOp cladbIM, ra3 B My-
3bIpbKe UieaibHbIM. COCTOSIHME pacTBOpa 3a1aeTcs
Temrieparypoii 7, JaBJIeHUEeM p U KOHLIEHTpalueii ¢,
KOTOpasi onpeaessieTcsi Kak OTHOIIIEHME Ynciia MoJie-
KyJI pACTBOPEHHOTO Ta3a K YMCITy MOJIEKYJI pACTBOPU-
TeJisl. BBUIY BBICOKOI TEIJIOMPOBOIHOCTU XUIKOTO
pacTBopa ra3 B Iy3bIpbKe Ha BCEX CTAIUSX €0 pOCTa
WMeEET TeMIepaTypy pactBopa. Hucio He3aBUCUMBIX
MepeMEHHbIX COCTOSIHUSI My3bIpbKa B cj1aboOM pac-
TBOpPE paBHO ABYM. B KauecTBe Takux nmepeMeHHBIX
BbIOMpaeM 00beM V' U naBjieHue p' B My3bIpbKe.

Pa3zHocTh 3HaUeHUT TEpMOAMHAMUYECKOTO MOTEH-
muana [1ooca AD 119 KOHEYHOTO COCTOSTHUSI, KOTO-
pOe€ BKJTIOUYAET ITy3bIPEK U PACTBOP, U UCXOTHOTO, MPE/I-
CTaBJISIIONIETO OMHOPOIHBIN pacTBOp, OIpPENEsSIeT pa-
00Ty oOpa3oBaHUs My3bIpbka. B Touke akcTpemMyma
A® my3bpIpeK HaXOAUTCS B TEIJIOBOM, BEIIECTBEH-
HOM U MEXaHUYECKOM PaBHOBECUM C OKPYKCHUEM.
M3 ycrnoBuii paBHOBeECUs IJIST NABJIEHUS ra3a B My-

Al
3BIPbKE p, U €TO panuyca R, uMeeM

' D,
— SL’S 1
pe =D+ kBT(p ps)s (1
R—_20 )

" (p-p)

IIe v — yaellbHbIil 00beM pacTBoOpa, G — €To IMOBEpPX-
HOCTHO€ HaTsIXXeHUe, kg — MOCTOsIHHAS bosbliMaHa.
BenIuuuHBI CO IITPUXOM OTHOCSITCS K 3aPOIBIIIY, UH-
JIeKC S — K JJMHUU (pa30BOro paBHOBECHST pacTBOpa,
C — K TOYKE IKCTpeMyMa TepMOIMHAMUYECKOTO IT0-
TeHIMana (KPUTUIECCKOMY 3apOBIIIY).

Ilepexonst B paboTe oOpa3oBaHUSI 3apoiblllia K
6Ge3pasMepHBLIM BeTMYNHAM

- Ao

V-V '
, = C’ = 5 3
kT y (3)

Ve P,
u pasnarast G(x,y) B psiI O X, y 1O WICHOB BTOPOIO
MTOPSIIKA BKIIIOYUTETBHO, TTOJTydacM
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G(x.3) - G. = +(84G2q) G| 1x +by) @)

3aech G — MaTpUlIa BTOPBIX TTPOM3BOIHBIX ITPUBEICH-
HOTO TEPMOJAMHAMUYECKOTO MOTEHIUANA, ¢ € X,),

b =20/p.R, — Ge3pa3MepHBIil mapaMeTp, Xapakre-
PU3YIOIINI CTEIIeHb MeTacTaOMIBHOCTU pacTBoOpa,
G, =W, / kgT — mpuBeneHHas pabota oOpa3oBaHUs
KpUTHYECKOTIo 3apoabima (uncio [166ca)

1, l6n o
W, ZEVC(PC— ):T—~ . ®)
(pe = p)
PasHble 3HAKM y KBaapaTOB MEPEMEHHBIX X U Y B
(4) o3HAYAIOT CEMIOBOI XapaKTep aKTUBAIIMOHHOTO

Oapbepa B OKPECTHOCTH (|G — GC| < 1) TOYKHU E€I0 IKC-

TpemymMma. [lepemeHHas x IBIsIETCSI TEpMOIMHAMMIYE -
CKU HEYCTOWYMBOM, a y — YCTOMYHUBOM.

PaBHOBecHoOe pacripeieneHue Mmy3bIpbKOB 10 Te-
PEMEHHBIM X, ¥ CBSI3aHO C pabOTOi X 0Opa30BaHUS
dopmyoit [uboca:

n,(x,y) = Cexp(—GC)exp[( -G )(—gx +by )} (6)

Koadpdument Hopmuposku C IIponopLyoHaIeH
YHCJTy MOJIEKYJI B €AWHULIE 00beMa METaCTaOMIbHOM
da3ssl [4, 11]. st paBHOBECHOTO pacripeae/IcHUs Ta-
30BBIX MY3BIPHKOB B cl1aboM pacTtBope 3HadeHue C
nonydeHo Kynu ¢ corp. [5]. Ilpenmonaramocs, 9To
3apOIBIIIM HOBOM (pa3bl GOPMUPYIOTCS TOJBKO Ha
MOJIEKYyJIaX paCTBOPEHHOTIO Ta3a.

I110THOCTh CTallMOHAPHOTO MOTOKA 3apoiblliieit
yepes CelJIOBYIO TOUKY aKTHUBAallMOHHOTO Gapbepa U3
ogHo(pa3HOI 061acT B IBYX(a3HylO HaeTcs BbIpa-
XeHueM [12]

dn
ogn,

3nech, Kak 1 B (4), ISt coOKpaleHUs (pOpMBI 3aIICH
KCIIOJIb3YIOTCS TEH30PHO-BEKTOPHbIE O0O3HAYEHUS
(xupHbIi pUdT), Dy — 06001IEHHBIN TEH30p TUd-
¢y3un B IpOCTPAHCTBE IIEPEMEHHBIX ¢, n(g) — cTa-
LIMOHapHas (yHKIUS pacnpeaeeHnus My3bIPbKOB.
Hns HaxoxneHust Dy Hy>KHO 3HATh TEPMOAMHAMUYE-
CKH€ CWJIbl 1 CKOPOCTU U3MEHEHUSI TEpMOIMHAMUYe-
CKHUX TTapaMeTpOB 3apo/bliiia MO/ IEUCTBUEM STUX CUJI.

J=-nDy— (7)

PaccMoTpuM quHaMUKy My3bIpbKa B ¢1aG0M pac-
TBOope. OHa onpenesercs MonIoLaTeIbHO-UCITYCKa-
TEJIBbHBIM Y TUAPOAMHAMUYECKUM B3aIMOICICTBUSIMU
IMy3bIpbKa ¢ OKPYXKeHUeM. [MapoarnHaMudecKoe B3an-
MOJIEiiCTBME OOYCJIOBJIEHO JaBJIEeHEM PacTBOpa, Ero CH-
Joi Jlariaca v BsI3KOI cwiioil. Takoe B3auMOJIEliCTBUE
U3MEHSIET 00beM My3bIpbKA, HO HE YMCIO MOJIEKYJ B
HeM. [TorioiaTeabHO-UCITyCKATEAbHOE B3aUMOIEM -
CTBUE CBSI3aHO C IU(P(Y3MOHHBIM ITOIBOAOM ra3a u3
pacTBopa K My3bIPEKY. DTO B3aUMOJCHCTBUE U3MEHSIET
YKCJIO MOJIEKYJI B y3bIPLKE, HO COXPaHSIET €I0 OOBEM.
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INpenebperast MHEPLIMOHHOCTHIO paCTBOPa, KOTO-
pblﬁ CUMUTACTCA BA3KMM U HECKMMAEMbIM, pejlaKCallu-
€1 Ter1a Ha TpaHuIIe ITy3bIpeK—pacTBOP, IS CKOPOCTU
W3MEHEHMSI pagryca My3bIpbKa B OKPECTHOCTU CEIJIO-
BOM TOUKHM aKTUBALIMOHHOTO 0apbhepa umeeM [13]

5 _ R 26
R= —(p p- —) ®)
am R
rJe M — BSI3KOCTh pacTBOpa, TOuKa 0003HayaeT npo-
M3BOJIHYIO IO BPEMEHU.

Ipu nuddy3noHHOM peXxrMe 0OMeHa MOJIeKyIa-
MU Ta3a MeXKAY ITy3bIPHKOM M PACTBOPOM CTallMOHAP-
HO€ pacmpeeieHe KOHIEHTpauun c(#) BOKPYT My-
3bIpbKa pagnyca R HaXonuTcs perreHueM 1uddy3noH-
Horo ypaBHeHus [14]. ITomcTraHOBKA 3TOro peliecHus B

dopmyny mst mudpy3nOHHOTO MOTOKAa MOJIEKYN pac-
TBOPEHHOTO B XXUIKOCTH Ta3a [14], mo3BoJIsIeT onpene-
JINTh CKOPOCTb U3BMEHEHUSI YMCJIa MOJICKY B ITy3bIPbKe

N = —4nRpD(cy —c), )

rne D — koadpunmeHT n1nddy3nn MoJeKysI ra3a B
pacTBope, cx — KOHIIEHTpallUsl HACBILLIEHHOTO pac-
TBOopa Hanm cdepudyeckoil (pammyca R) MOBEpxXHO-
CTbIO, T.€. KOHLIEHTpall1$ pacTBOpa Ha TPaHMUIIE C My-
3bIPbKOM, O0JTafaloIMM aaBiieHueM p'. B pabdote [5]
Mpu p > py, TIONYYEHO ¢x = ¢p' /p.. DTO BhIpaKeHUE
MOXHO MCIIOJIb30BaTh U B 00JIaCTU OTpMULIATEIbHBIX
NaBjaeHuit, koraa p < p. 3aech uHaekc 0 oTHocurtcs
K YMCTOMY PaCTBOPUTEIIO.

Ilepexons B (8), (9) k 6e3pa3MepHBIM BeTUYMHAM

(3) u BBOIsT GeapazmepHoe BpeMsi T = £ p, /1), UMeeM

. 3[1) }
xX==|z-x+y|,
4l3* "7

.3
=—2Zx+(1+ ,
y 4[3x ( Y)y}

(10)

(11)
rae

_16nnRpeD
3 pN,

CornacHo (4), mist MPOEeKLWii TepMOIUHaAMUYe-
CKOI CUJIBI fHa OCH X U Y MOXKHO 3amnucaTh

__0G _2 _0G _ 2GC

fx - ) fy e

ox 3 ay b

B obGnactu cenoBoii TOYKM aKTUBALIMOHHOIO

Oapbepa TeH30p 0000IeHHOM TN( Y31 CBSI3aH CO

CKOPOCTBIO U3MEHEHMUS MapaMeTPOB 3apOAbIIla ¢ U

TePMOJIUHAMUYECKON CUJIOM f COOTHOIIEHUEM

q =D, f . Torna

1 -1
D, :zz( .
8G,\~1 (1+7)

INpucyrcrBre MEpeKPECTHRIX YWICHOB B MaTpUIle
TeH30pa 00001eHHoi 1uddy3un (14) o3HagaeT, 4TO

(12)

(13)

(14)

MepeMEHHbIE 3apObIla ¢ B ypaBHeHUU (7) He pas/ie-
Jstotesd. PazneneHue nepeMeHHbIX, 0€3 HapylLIeHUs
IVaroHajJbHOCTU MaTPULBI BTOPBIX MPOU3BOIHBIX
TEPMOIMHAMUYECKOrO MoTeHUUada G, MOXET OBbITh
JOCTUTHYTO MNPU NEPEX0OJE K HOBBIM ME€PEMEHHBIM
q(X,¥), KOTOpbIE SBISIOTCSI CUCTEMOM ITIaBHBIX OCei
teH3opa DyG [12]. B HOBOI1 cucTeMe KOOpaAWHAT AUaro-

HaJIbHble KOMIIOHEHThbI TeH3opa DyG = diag{A,, A}
ONpPEnesIIOTCSl KaK KOPHM XapaKTepUCTUUYECKOTo
YPaBHEHUS

det (DyG — M) = 0, (15)

rie I — eguHWYHBIN TeH30p. bmaromaps mpucyrt-
CTBUIO OTPULIATEIBLHOIO WjieHa B Marpulie G cpeau
JBYX COOCTBEHHBIX 3HAYEHUI A; OMHO A, SIBJISIETCS
OTPULIATEIIBHBIM.

ITocne nepexona B (7) K HOBBIM ITIEpEMEHHBIM 1 MTH-
TETPUPOBAHUS TTOJIyYEHHOTO YPABHEHUS 110 J, TIPU CO-
OTBETCTBYIOIIIMX TPAHWYHBIX YCIOBUSIX, IJISI CTallMO-
HapHOM YaCTOTHI 3apOIbIIIe00pa30BaHMsI, UMEEM

J = CD;exp(-G,) =

16
2pR°( kyT)"* M| exp (-G, ). (16)
3n

rie D, — KOMIIOHEHTa TeH30pa 06006ILIeHHOl Tud-
¢y3uu no nepemeHHoi x. [NloncraHoBka (4), (14) B
(15) IpuBOOUT K KBafpaTHOMY YpaBHEHUIO

xz—i[b—s(lw)]x 36b(1+y) (17)

Ecim nuddy3noHHBIN MTOABOI ra3a K ITY3BIPBKY
orcyreryeT (Y = 0), To u3 (17), korna p, — 0 mosyda-
eM A, = —3/ 4, 4TO, IIPHA COOTBETCTBYIOIIEM BHIOOpE

HOPMHMPOBOUYHOTO MHOXUTeNsT C, maeT 3HadYeHUe J,
coBITajarollee ¢ pe3yiabTaToM JepsiruHa u ap. [4].

B ToMm ciyyae, xorma muddy3mOHHBIM IIOABOIOM
JIETy4ero KOMIIOHEHTa MpeHeOpeUb HEJb3s, 3HAYCHHE
Ao HAXOMUTCS pellleHUEM KBaapaTHoro ypasHeHus (17).

BOKCITEPUMEHT U ET'O PE3VJIBTATHI

[1s1 uamepeHus1 TpeaeabHO MPOYHOCTU Ha pa3-
pPBIB pacTBOpa MeTaH—TEINA UCIIOIb30BAJICSI METO,
OQHOBPEMEHHOIO MMITYJIbCHOIO PACTSDKEHUSI U Ha-
rpesa xugkoctu [15, 16]. CxeMa 3KCIIepMMEHTATbHOM
YCTaHOBKU IIpUBeAcHa Ha puc. 1. MetaH (macnopTHast
yrcroTa 99.8%) KOHISHCUPOBAJICS B OXJIAXKICHHYIO 10
90 K ummMHApUIECKYIO U3 HepXKaBeIollei cTaau Ka-
Mepy 2, IOTPYXXEHHYIO B KPHUOCTAT, OXJIAXKIAaeMbIiA
XKUIKuM azotoM. Kamepa BripeccoBaHa B aTlOMUHM--
€BBIi OJIOK, Ha MOBEPXHOCTU KOTOPOTO YCTAHOBJIEHBI
3ol ¥ peTyJINPYIOIINii TeMIIepaTypy HarpeBa-
Tenu. baok ¢ HarpeBaTelIsIMM Ha PUCYHKE He MOKa-
3aH. JIHOM KaMephbl SIBJIsIeTCs AlopajieBast MeMOpaHa 4
ToyuHOM 0.8 MM, K KOTOPOIi ¢ HApY>KHOM CTOPOHBI
npurKaTa IiocKas ciupanbHas Katymka 5. I1pu pas-

KOJJIOMOHBIN JKYPHAJ
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3agaronmii

Ocuwuiorpad

reHeparop

brox Harpesa
IMPOBOJIOYKHU U
BBIIIEJICHUSI CUTHAJIa
BCKMITAaHUS

<]

He

BbICOKOBOJIBTHBIX
QJICKTPUYCCKUX

['eHepaTop

UMITYJIbCOB

Puc. 1. CxeMa sKCTIepUMEHTAIBHOM YCTAHOBKM: [ — IUTaTMHOBAsI poBojiouka d = 20 MM, / = 1 cM, 2 — xunkocts V= 50 oM’ s
3 — kaMepa, 4 — nopajieBast MeMOpaHa, 5 — IUIOCKas KaTylIlKa.

psiae MaJOMHAYKTUBHOTO KOHIeHCATOPa Ha KaTyIIIKy
MeMOpaHa reHepupoBajia UMITYJIbLC CXKaTUSI JJIUTEb-
HOCTBIO 3—5 MKC. AMIUTMTYIA JaBJICHUS B UMITYJILCE JTO
15 MTIla, nepenHuii GpoHT UMMyJbca MeHee 1 MKC.
HMmnynbe pacTtskeHus: (popMuUpoBaicsl TPU OTpake-
HUU UMITyJIbCa CXaTUusd OT MexXda3HOW TpaHUIIbI
KUJAKOCThb—IIap. AMIUIUTYIA JAaBJICHUSI B OTPaXkKeH-
HOW BOJIHE ONpeesisieTcsl BblpaXkeHueM

p-=p,+Rp,, (18)

e p, — OaBJIeHUE B UMIyJIbce cxarusi, R — koad-
¢duLmMeHT oTpaxeHus. B ciydyae HopMmaabHOTO Tajae-
HUSI BOJIHBI CXKaTus

'u'—pu
p'u'+pu

31ech U, ' — CKOPOCTH 3BYyKa B XXMIKOM U ra3oBOi1
dazax umcciegyemoro BeinrectBa. I1oCKOIBKY BIaam

OT KPUTHYECKOH TOUKM p'u' < pu, 10 R <0.

3aBUCHMMOCTb AMIUTUTYIBI JABJIEHUS p, OT HATIPsI-
KEHUsI TIMTaHWs KOHIEHCATopa OIpedesiiach B Ka-
JIMOPOBOYHBIX OMNBITAX C ITOMOIIBIO IMh303JICKTpHUYE-
cKoro gatuuka nasneHus ¢pupmel Kistler. Bo Bpems
KaJuOpOBKHU B KaMepe BMECTO ITPOBOJIOYKHM 1 ycra-
HaBJIMBAJICA JATYUK, KOTOPBINA MTOACOEAUHEH K YCUIU-
Temo. [TorperHoCcTh onpeneacHNsT aMILUIUTYIbI JaBJie-
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HUS TIpU KaamopoBke +5%. KanmnOpoBOYHBIE OITBITHI
MPOBOIWIVCH TIPU TeMIlepaTypax B Kamepe: 120 u
130 K. TemmepaTypa B KaMepe u3Mepsiiach IIaTHHO -
BBIM TEPMOMETPOM COIPOTUBIEHUS. OTIBITHI TTO IIpe-
IeTLHOMY TIeperpeBy XUIKOCTei MTPOBOIINCH TTPH
yKa3aHHBIX TeMIIepaTypax KaMephl.

ZKunkocTb B OTpakeHHOM BOJIHE TeperpeBaiach
Ha IJIATUHOBOM IIpoBojiouke 1 nuamerpom 20 MKM 1
mmaHoi 10 mum. ITpoBo1oyKa ycTaHOBJIEHA Ha OCH Ka-
Mephl MapajjiebHO MexXda3Hoi TpaHUlle U TOTpy-
2KeHa B XXUIKOCTh Ha yonHy 3—5 mM. HarpeB npoBo-
JIOUKU TIPOM3BOAWIICS MPSIMOYTOJIBbHBIMU UMITYJIbCAMU
HaTpsDKEHUS] JUTMTETBHOCTBIO 15—25 MKC 1 aMIIIUTy-
nmoit 10—20 B. CxkopocTb HapacTaHUSI TEMIIEpaTypPhl
JKUIKOCTU Ha TIOBEPXHOCTHU MPOBOJIOYHOTO HarpeBa-
Telist okojio 1 K/Mmkce. Iperoiuit uMIyabc HampsKe-
HUSI U OTpakeHHbIN OT MeX(a3HOW TpaHUIIbl UM-
MYJIbC JABJIEHUSI CMHXPOHU3UPOBAHbBI TaK, YTO BCKUTIA-
HUE XUAKOCTU MPOUCXOINUTIO B MOMEHT JOCTUXKEHUS
Ha TMPOBOJIOUKE MaKCUMAJIbHOTO 3HAYEHUST OTpUlIa-
TEJIbHOTO JaBJIEHUSI.

ITpoBoOIOYHBII 30H] BKJIIIOUEH B MOCTOBYIO M3Me-
putenbHyo cxeMy. Temmepatypa npoBonouku 7 puk-
CHUpYETCS TI0 €€ IJICKTPUIYECKOMY COITPOTUBJICHUIO.
ITpu HarpeBe TemIiepaTypa IIpOBOJOYHOTO 30H1a MO-
HOTOHHO HApacTaeT A0 JOCTKEHUS B XKUIKOCTHU YCITIO-
BUii OypHOTo (hIIyKTYalIMOHHOTO 3apOAbIIIIeo0pa3oBa-
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S,DI AN 4
o 2 \vaR] Ps
&3

p, MIla

—10

Puc. 2. IIpenenbhbie pacTskeHust (J =102 m3 c’l) Me-
taHa (/) u pactBopa MetaH—renuit (2) —c=0.1u (3) —

0.2monb %). Touku — DKCIEPUMEHT, IITPUXOBBIC
auauu — KT3 (HuXHSIE — MeTaH, BEpXHsisl — pacTBOp,
MetaH—Tenuit, ¢ = 0.1 Monb %). pg — TMHUS HACBILIEHMUS,
psp -
BCTaBKe PUCYHKA: TIpe/ieSibHbIE pacTsikeHus (J = 10" M3
¢!y merana (4) u pactBopa metas—reuii (5—0.1 Monb %)
[10]. I tpuxoBeie uHuu — KT3, uncrtelii MmetaH (@ — J =
=10"m3c L 6—u=103 3¢}

CIIMHOAJIb, C — KpUTh4deCkKasd To4YKa. Ha

HUsI, KOT/Ia TeMIIepaTypHbIii peXUM MPOBOJIOYHOTO
30H7Aa pe3ko usMeHsietcss. Ha 3aBucumoctu 7(¢) mmo-
SIBJISIETCS KPATKOBPEMEHHOE TEMIIEPATYPHOE BO3MY-
wenue 0(7) = T(f) — T(¢). TemnepaTypa IpoOBOIOYKH
T,, BMOMEHT Hayaja TeMIIepaTypHOTO BO3MYIIICHUS,
MPUHUMAJIACh 3a TeMIIepaTypy HOCTMXKUMOTO Tepe-
rpeBa xkunakoctu. [lorpemrHoCcTh onipenenenust 7, co-
crapigeT 0.2 K, mmpu mmorpentHocTy ee OTHECEHUS
o nasiaeHuio 0.1 MIla.

TemneparypHoe Bo3MyllleH1€, BbI3BAHHOE CITOH-
TaHHBIM BCKUITAHWEM KUIKOCTU Y IMPOBOJIOYHOIO Ha-
rpeBaTeisi, MOXET OBITh IIPEACTaBICHO B Buje [16]

0@ = J(I)o(t,R, Gy, ...), (20)

roe ¢, R,Gr,...) — QyHKIUSA TapaMeTpOB XUAKOCTH
U TIPOBOJIOYKHU, 3aKOHA POCTa My3bIpbKa, MPOU3BO-
HOI OT 4acCTOTbI 3apOJbIllIe00pPa30BaHUS U HEKOTO-
PBIX Ipyryux napamMeTpoB. biarogapst oueHb CUIbHO
3aBucumoctu ¢pyHkuuu @O, R,Gp,...) OT BpEMeHU,
¢dopmyna (20) MO3BOJISIET ONIPEACIUTh IIPOU3BOIHYIO

Gy =dInJ [dT xax

Gy =T dinb(r)/dt. 1)

M3 (20) mo paccunTaHHON IS YCIIOBUIA SKCIIEPU -

MeHTa GyHKuuu ¢(f, R, Gy, ...) OLleHUBalach peayin3y-
eMasl B OITBITE YaCTOTa 3apOoabIlieo0pa3oBaHus J.

IMpenenvHble pacTsikeHus p, (rmeperpesbl 7,,) Xua-
KOTro Me€TaHa M pacTBOPOB MeTaH—TeJIuil u3Mepe-
HBI B UHTepBaJie Temriepatyp 135—175 K u naBnenuit
(—10—+4) MIla. PacTBOp roTOBMJICS B KaMepe KpHO-
cTaTa ITIyTeM HACBHIIIeHMsI MeTaHa rejuemM (IaciopT-
Has ynctoTta 99.9%). KoHieHTpalus onpenensiach
O JaHHBIM O TeMIepaType U JaBJIeHUHM pacTBopa B
cocTosTHUM HaceleHus [17, 18] n, BBy oueHb ciia-
00i1 paCTBOPMMOCTH TeJIvsl B METaHe, He TIpeBbIlaa
0.3 Mmomb %. [NonydeHHBIE B ONBITAX 3HAYCHUS p,, T,
OTHOCATCS K 4YaCTOTaM 3apoblieoopasosanust 1020—
1022 Mm~3 ¢! DkcriepuMeHTaNbHBIE JAHHBIE B KOOP-
IVHAaTax JaBJeHUe—TeMIleparypa IIpeacTaBilIeHbl Ha
puc. 2. Tam xe (BcTaBKa pUCyHKa) IPUBOMISITCS pe-
3yJbTaThl U3MEPEHUI TeMIlepaTypbl JTOCTUXKUMOTO
neperpeBa XKUAIKOro MeTaHa 1 pacTBOPOB MeTaH—Te-
JIMI IIPU TTOJIOKUTEIbHBIX JaBJISHUSIX METOIOM CPEeIl-
Hero BpeMeHM xku3HU [ 10], oTHocsrecs K 6osee HU3-
KOi1 yactote 3apoaplieodpazosanus J = 10" M3 ¢

Hachimenne MeTaHa rejimeM ITOHMKAeT €ro d0-
ctrxuMblii nieperpeB AT, =T, — T, u npeneapHoe
pactsxkeHue Ap, = p, — p,. Ha HuxxHel rpanuue uc-
clienyeMoro TemnepaTypHoro uarepaia (7= 140 K)
JIaBJICHNE TIPEACIbHOIO PACTSIKEHMSI CMECH C COACP-
xaHnueMm 0.1 monbp % remus coctaBuiio —7.0 MIla.
3OT1o npumepHo Ha 1 MIla GoJbliie, yeM y YUCTOIO
MeTaHa. IpaHuIEe CylIeCTBEHHOI HEYCTOMYMBOCTU
XKUIKO (pa3bl MeTaHA — CITMHOIAJIM, OTIPEACIIEMOM

yenosuem (dp/dp), =0 (cM. puc. 2), OTBeyaeT 1aB-
JeHue pactsokeHus —12.4 MI1a.

COITOCTABJIEHME TEOPUU U OIIBITA

Paccunrannsie mo ypaBHeHussM KT3 3HaueHUs
TpeaeabHbIX PACTSDKEHUM (MeperpeBoB) MeTaHa M
pactBopa resus B MetaHe (J = 102 m—3 ¢~!) nmokasaHsl
Ha puc. 2 IITPUXOBBIMU JIMHUSIMU. B pacuerax uc-
MOJIb30BaHbl JAHHBIE IO TEIUIOMU3NYECKUM CBOM-
CTBaM pacTBOpa M €ro KOMITOHEHT pabot [17—22].
s yucToro MeTaHa mpu JaBjiaeHusx p > —5 Mlla
OHHM COINIACYIOTCSI C 3KCIIEPUMEHTAIbHBIMMU JaHHBI-
MU B npenenax ux rnorpeurHoctu. Korma p < —5 MIla
Teopusl IIPEICKa3bIiBaeT 00Jice BEICOKUE PACTSKCHMS,
yeM gaeT akcrnepuMeHT. [1pu temrieparype 7= 140 K
paccornacoBanue cocrtapiseT 0.7 MIla. B ciydae
pactBopa (¢ = 0.1 Monb %) HOCTUTHYTBIC B OITBITE
pacTsLKeHUSI BO BCEM MCCIEIOBAHHOM TeMIepaTyp-
HOM MHTEpBaJle CUCTeMaTUYECKN HIKE MPeacKas3bl-
Baembix KT3.

PaccMoTpuM NMPUMEHUMOCTD K YCIOBUSIM KC-
TIepUMEHTAa CAeJIaHHBIX B IIpoliecce BBIBOIA YPaB-
HeHud (16) mpubmMIXeHW. AHaIN3 HAaYHEM C YU-
cToro pactBoputeiisi — metaHa. CornacHo (1), (2),
Ha rpaHMIIe CIIOHTaHHOI KaBuTauuu (J = 102! M3 ¢ 1)

KOJJIOMOHBIN JKYPHAJ Ne 2

TOM 85 2023



KABUTALIMA B 2KWAKOM METAHE 155

npu T = 140 K (HMXHss TpaHUIIa UCCIEIYyeMOIo
TeMIlepaTypHOro MHTepBajia) paauyc Kjaccude-
CKOro Iy3blpbka R, = 1.5 HM, OH conepxut N, =3
MoJiekyiel MeTtaHa. Eciim 7= 165 K (p = 0 MIla), To
R, =3.7uM, N, = 250.

VYpaBHeHue (16) onuCHIBaET CTALIMOHAPHBINA ITOTOK
3apompieii. [Ipy conmocTaBieHNN TEOPUU C OTIBITOM
HY>KHO OBITb YBEpEHHBIM, UTO XapaKTEPHOE BpeMs SKC-
MepruMeHTa T,,, HAMHOTO TIPEBbIIIAET AIUTEIHLHOCTD

nepuona HecraumoHapHoctu T, (“lag time”). Ilo
aHaJIOTUHU C OOBbIYHOMI nruddy3ueit MoXXHO 3anmcaTh
2
N,
T == 22)
4D,

exp

Onpenenss ﬁi u3 (16), (17), nmeem T, = 107 c.
ITo ycioBugM 3KcrepMMeHTa, BpeMs IIpeObIBaAaHUS
PACTSIHYTOM XXUIKOCTU B 3aJaHHOM cocTostHuu (p, T)
COCTAaBIIACT T, = 1077 c. TakuM 06pasoM, T, < T,,.
Bbonee crporue oueHku [23, 24] npuBOAAT K 3HaUe-
HUSIM MEPUOIa HECTAIIMOHAPHOCTH, OTANYAIOIIUMCS
ot (22) He 6oJiee, YeM Ha OOUH TIOPSIIOK.

OcHoBaHUEM ISl TTpeHeOpeXkeHUsT MHEPLIMOHHBIM
YJIEHOM B JUHaMMWKe My3bIpbKa SIBJISIETCS Majiasi Be-
JVYMHA OTHOLIEHUs ¥ = p,OR, / 8n [4]. B uccneno-
BaHHOM TemIiepaTypHoM uHTepBasie y = 0.15—0.30.
Tak xak Terurodu3MIecKre CBOMCTBA cllaboro pac-
TBOpa HE3HAYUTEJIBHO OTJIMYAIOTCSI OT CBOMCTB PacTBO-
purensi, To OJIM3KKWEe K OMHOKOMIIOHEHTHOU cucTeMe

SHaYEHUA Y U T, 6y,Z[CT MMETb MECTO U B paCTBOPEC.

B nuHamuke OKOJIOKPUTHUYCECKOIO ITY3bIpbKa 4YM-
CTOM XXWUJIKOCTHA MOXHO BBIIEJIUTH NBa XapaKTCPHbIX
maciurtada BPpEMCHU — OTO BPEMA TEMIICPATYPHOIO
paccacblBaHUA Tp U BPEMSA MTPOXOXKIACHUA KPUTUYC-

CKOIf 00JacTU aKTUBALMOHHOTO Oapbepa Tp. Eciu
MEXIY Iy3bIPbKOM U €T0 OKPY:KEHUEM, UMEET MECTO
CBOOOITHOMOJIEKYJISIPHBIN 0OOMEH, TO

2 1/2

. N,

e R =R 2 e
4K, ov,\ 2

rne Ky — koaddUuilMeHT TeMnepaTrypornpoBOIHO-

CTU XKUJIKOCTH, 0 — KO3 DUIIMEHT KOHAEHCAllUH,

12
v, = (8ksT/ nm)/ CPEemHssl TEIJIOBasi CKOPOCTh
IBYDKEHUs MONeKy/1. Ha rpaHulie CIIOHTaHHOTO BCKU-

MaHusl MeTaHa T; = 5.2 X 10" ¢ (T = 140 K). Taxkoit

K€ MOopsANOK BEJIMYUHBI UMEET U BPEMA Tp. 9TO, XOTA
1N HE CTPOro, OormpaBAbIBACT MCIIOJb30BaAaHHOC B KT3
JOITYIIECHUE O TCMHCpaTypHOfI OOHOPOOHOCTU CH-
CTEMBI ITY3BIPCK—2KMIKOCTbD.

IMpenskcroHeHIMAIbLHBIN YJIeH B ypaBHEHUHU JJIst
YacTOThI 3apoabllieo6paszoBanust (16) ciabo 3aBUCUT
OT TEPMOAMHAMMYECKUX ITapaMETPOB COCTOSHMUSI.
OcHOBHOI BKJaj B J BHOCUT 3KCIIOHEHTa, CoAepKa-
1Ias B ITOKa3aTelie paboTy 00pa30BaHUsI KPUTUUYECKOTO
3aponpimia. I[Ipy GONMBIIMX pacTSKEHUSIX KUOKOCTH,
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KOIa paaryChl KpUTUYECKUX IMY3bIPHKOB COCTABJISIOT
(1—-3) HM, naBjieHUE B ITy3bIpbKE, PACCUMTAHHOE IO
dopmyite (1), B ipenenax 1% commacyeTcsi C ero CTpo-
UM OIIpeaeIeHUEM U3 YCIOBUS BEIIECTBEHHOTO paB-
HOBecHUsl (XMMMYECKHE ITOTEHLIMaIbl pacCUMUThIBa-
JINCh U3 €IMHOIO IS XKMAKOCTU U ITapa ypaBHEHMUS
cocTossHUA pacTtBopa [8]). B Toxxe Bpemst rmpubImke-
HUE G = O, Il G, — IIOBEPXHOCTHOE HATSDKEHUE Ha
TUIOCKOM MexXda3HOo IrpaHULIe, 31eCh BPsII JIM OIpaB-
naHo. PacyeTnl 3aBucuMocT 6(R) B TeOpMHY KaILISIP-
Hoct BaH-nep-Baannca [25] v ipu MoOJIeKynsipHO-I1-
HaMUYECKOM MOJEIMPOBaHUM [26] MMOKa3bIBAIOT, UTO
MMOBEPXHOCTHOE HATSDKEHNE KPUTUYECKMX ITy3bIPHKOB
OIHOKOMIIOHEHTHBIX KUIIKOCTEM SIBJISIETCSI MOHOTOH-
HO yObIBaroleid (pyHKIIMeir KpUBU3HBI UX pa3AesIsTio-
1Iei moBepxHoCTH. Paspenas ypaBHeHue (16) oTHOCH-
TEJIbHO G 1 WCTOJIb3Yysl AKCIIEPUMEHTaIbHbIE 3HAYEHUS
J, p,, ToJlydaeM O Kak (pyHKIuIO oT R.. {7151 MeTaHa npu

T =140 K u R, =1.6 um umeeM 6(R,) = 6.6 MH/m
(o, =7.54 MH/™M), ipu T= 165 Ku R, = 3.7 HM Benu-
unHa 6 (R,) = 3.1 MH/M (0., = 3.25 MH/M). DT0 co-

acyeTcs ¢ oueHKamMu 6(R), paHee caeTaHHBIMU JIJIST
JIPYTUX IIPOCTHIX XUIKOCTe [8].

CocTaB paBHOBECHOTO ITapa OTJIMYAETCS OT COCTa-
Ba XUAKOM (pa3sl pacTBOpa OOJBIINM CoAep>KaHUEM
JIETy4ero KOMITOHeHTa. YpaBHeHue (16) 3amucaHo B
MPEAIOJIOXEHUN, YTO MOABOI HEOOCTAIOIIETO JIETY-
Yyero KOMIMOHEHTa K My3bIpbKY MPOUCXOAUT AUuddy-
3MOHHO, B CTallMOHAPHBIX YCIOBUSIX. XapaKTepHbIe
BpeMeHa Tnddy3nn K ITOBEPXHOCTH C(HEPUIECKOTO ITy-

3bIpbKA T;) U NPOXOXKACHUS My3bIPbKOM KPUTUYECKOM
00JIaCTH aKTMBALIMOHHOTIO 0apbepa Ty B 9TOM Cillydyae

Rcz ' . S N3 1/2
= s = R./|R = 2mcDR, 7 (24)

Koadpdpuument auddysumn onpenensercs ¢op-
mysioii Ditnteitna D = kgT /(3nnd), rae d — “ad-
(EeKTUBHBINA TMaMeTp” MOJIEKYJbl pAaCTBOPEHHOIO B
XuakocTh Tasa. Ilpm Temmepatypax (140—165) K
Bpems nuddysun cocrasiser (1-3) x 1071 ¢, B 10
BpeMsI Kak T pacTBopa ¢ comepxkanuem 0.1 Moib %
reJivs Nepexo[l Yepe3 BEPIIMHY aKTUBALIMOHHOTO 0a-
pbepa MPOUCXOaMT 3a Bpems ~9 X 10~'2 ¢, uyto comno-
CTaBUMO C XapaKTepHbIM BpeMEeHEM ABUXKEHUS MPU
CBOOOITHOMOJIEKYJIIPHOM OOMEHE.

Takmum o6Gpa3om, crallmoOHApHOE pacIipeeacHue
KOHIICHTpAallM1 BOKPYT KPUTUYECKOTO ITy3bIpbKa HE
yCIleBaeT YCTaHABIUBATLCS U COCTAB I1apa B ITy3bIPb-
Ke OyneT OJIM30K K MCXOOHOMY COCTaBY XKUIKOCTH.
DTO JOJDKHO MPUBECTU K COIVDKECHUIO TpaHUIL Ipe-
JIeJIbHBIX MIeperpeBoB (PacTsSoKEHWI) pacTBOpa U YU-
CTOrO PacCTBOPUTEIISI U ellle OOJbIIEMY YBEJIMYCHUIO
pacxXoXaeHUSI TEOPUU 1 JTaHHBIX 9KCIIEpUMEHTA B T'a-
30HACBIIEHHON CUCTEME, YeM B pAaBHOBECHBIX YCIIO-
BUSIX (CM. puc. 2).
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3AKJIIOYEHHME

Kak u B ciiydyae BCKMNaHUS JETy4e KUIKOCTH,
IUJIsl OMMCaHusl M30TepMUYECKOl KaBUTAllMW B Cla-
0O0OM pacTBOpe HEOOXOIMMO JIBa MapaMeTpa, XxapakTe-
pU3YIOIIMX ITy3bIpeK. B KauecTBe TaKux IapamMeTpoB
yInoOHO BBIOpaTh 00bEM My3bIpbKa U JaBJIEHUE TTapo-
ra3oBoii cMecu B HeM. YIOOCTBO 3TUX MEPEMEHHBIX
3aKJII0YaEeTCs B TOM, YTO B KPUTHUUECKOM 001aCTH aK-
TUBAILIMOHHOTO Oapbepa paboTra oOpa3zoBaHUS IIy-
3bIpbKa UMeEeT NMaroHaJlbHbIN (He coaepxKaluii ne-
PEKPECTHOTO WieHa) BUI. DTUM CBOMCTBOM He 00Jiaga-
€T 31eCh TeH30P 000011IeHHOM MU hY3UU 3apOIbIIIEH,
ONpeAesIoOni BeJIMYMHY U HampaBjeHre MOTOKa
3apojpliiieii B IepeMeHHBIX V), p'.

J1s1 OOJIBIIMX PaCTSKEHUI XUIKOCTH YCIIOBUS
TOMOTE€HHOTO 3apoAblllIc00pa30oBaHUsI peaanu3yloTcs
IIpA HU3KMX TeMIlepaTypax, KOorga MaJjibl JaBJICHUE
HACBHIIIEHHOTO IIapa U paauyC KPUTUYECKOIO IIy-
3bIpbKa. OKOJIOKPUTUYECKUE MYy3bIPbKU 30€Ch MPAKTU-
YeCKM He COIepKaT MOJIEKYJI PAaCTBOPUTEIISI U PACTBO-
PEHHOTO BEIIeCTBAa ¥ HAXOMATCS B MEXaHMIECKOM paB-
HOBECHUU C XUIKOCThIO. DTO TTO3BOJISIET UCKITIOUYUTD B
IWHAMMKE UX pOCTa, 10 KpaliHeil Mepe OJIsl OgQHO-
KOMITOHEHTHOI XUIKOCTH, IIOIIOLIATEeIbHO-NCITyC-
KaTeJIbHOE B3aMMONIEHCTBUE C OKpYyXXeHHeM. Takoi
MOIXOJI IIPUBOIUT K KJIACCUYECKOMY PE3YJIbTaTy 3e1b-
noBWYa [2], 1 COOTBETCTBYIOIINM IIpEIETbHBIM CITy-
yasgM teopuit Karana [11] u Hepsiruna u ap. [3, 4].

B pactBOpe, TTOMMMO CBOOOTHOMOJIEKYJISIPHOI, B
MOIIOIIATEIbHO-UCITYCKATEIbHOM B3aUMOJICAICTBUM
My3bIpbKa U pacTBOpa IOABIsIETCS TUMY3MOHHAS
cocrapigomas. B ra3oBoii (paze HaChIIIIEHHOTO cJia-
0oro pactBopa Npu HU3KUX TeMIlepaTypax TOMUHU-
pYET JETYUYNil KOMIIOHEHT. DTO MOCITYXKUIO OCHOBA-
HUEM JJIsI PACCMOTPEHUSI BIUSHUS TU(HEHY3MOHHOTO
MOJBOJA JIETYYero KOMIIOHEHTa Ha KaBUTALlMOHHYIO
MMPOYHOCTb TA30HACKIIIEHHOM KUIKOCTU.

HaMI/I IMOJIYYEHBI 3KCIIECPUMCHTAJIbHbIC AJaHHBbIC
T10 TIpeAeIbHBIM PACTSIKEHUSIM (IIeperpeBaM) MeTaHa
M cJ1a0bIX pacTBOPOB Teans B MeTaHe. B pamkax KT3
JaHO OoIMMCaHME KaBUTallUM C YYETOM T'MAPpOANHaAMMU -
YecKoro U JUMOY3MOHHOIO B3aMMOIEHCTBUI ITy-
3bIpbKa ¢ pacTBopoM. CrenaHbl OLICHKU XapaKTep-
HBIX BpEMEH B IIPOLiecce 3apOoXKIeHMSI HOBOM (pa3bl B
ra3oHacCHIILIEHHOM pacTBOpE.

ITokaszaHo, 4TO IpH Iepexoe Yepe3 aKTUBALIMOH -
HEI1 6apbep B KPUTUYECKOM 3apOJbIIIEe HE yCIIEBaeT
yCTaHABIIMBAThCS paBHOBECHBII COCTaB IMapoOBO a-
3bl. [Ipu 6130CTH XapaKTepPHBIX BpEMEH IIPOXOXKIe-
HUSI KPUTUYECKOM 001aCT aKTUBALIMOHHOTO 6apbe-
pa 3a cuyeT CBOOOTHOMOJIEKYISIPHOTO 1 TP HYy3UOH-
HOTO MEXaHU3MOB OOMeHa MeXIy IIy3bIpbKOM M
pactBopoM, 1udy3usI He CriocobHa 00eCIeYnTh Tpe-
OyeMyI0 [IJIs1 TOT0 KOHILIEHTPAIIUIO paCTBOPA HAa IPaHM -
e my3bipbKa. “O0egHeHUE” JETKOJEeTYyYUM KOM-
IMMIOHEHTOM CJIOS XXKMUJIKOCTH, IPUJIETAIOIIEro K I10-
BE€PXHOCTHU IIy3bIpbKa, OTPaXKaeTcsI Kak Ha BBICOTE

aKTUBALIMOHHOTO 6apbepa, TaK U Ha CKOPOCTU IBU-
>KeHUS yepes3 dapbep.

I1pu remmepatypax (135—175) K noBepxHocTHOE
HaTsDKEHUE pacTBOpa MeTaH—TeJuil ¢1abo 3aBUCUT
ot cocraBa. [loaTomy paccuntannbsie n3 KT3 B ripen-
MOJI0KEHUU PaBHOBECHOCTU COCTaBa KPUTUYECKOTO
My3bIpbKa Mpeae/ibHbIC PACTSIKEHUSI YMCTOTO METaHa
1 MeTaHa, copepxkarttero 0.1 Mmons % renust, oTanda-
JI0TCST He3HayuTedbHO (cM. puc. 2). CyiiecTBeHHO
0OJIbIIIME PACXOXACHUS] UMEIOT MECTO MEXIY DKCIIe-
PUMMEHTAJIbLHBIMU 3HAUYeHUSIMU p,,. Ecu mist yucToro
METaHa OHU B Mpeeax MOrPeIrHOCTH SKCIIEPUMEH-
Ta COIJIACYIOTCSI C TEOPETHMYECKUMM (IJIsT BBICOKMX
TeMIieparyp Npu G = G, a IPU HU3KUX — C YUETOM
3aBUCUMOCTU G(R)), TO IJIs pacTBOpa TaKOro corjia-
cus HeT. B pamkax Ki1accmueckoro nouxoja K ornyca-
HUIO 3apoAblllleco0pa30oBaHMsI TaKoe€ COLNIACOBAaHUE
MOTpeOoBajio Obl MOHMXEHMs NPUMEPHO B 2 pasa
BBICOTHI aKTMBAlIMOHHOTO Oapbepa WU CHIKEHMUS
Ha 7—8 TOpSIAKOB TPEI3KCIIOHEHIIUATLHOTO MHO-
KuUTens B ypaBHeHUH (16). PaHee mpoBeneHHbIE HCCIIe-
JIOBaHUS TIpeAebHBIX MeperpeBoB pacTBopa MeTaH—
reJIUi TIPY TTOJOXKUTEIbHBIX JaBACHUSIX B CTEKISTHHOM
Karmuisipe [ 10] He BBISTBIUIM CTOJTB OOJTBIIINX PACcCOTyIa-
COBaHMIA TEOPUHU U OITbITA (CM. BCTaBKY puc. 2). B maH-
HOM paboTe BCKMMaHNE XUIKOCTA NTHULIMUPOBAJIOCH
Ha ITIOBEPXHOCTHU ILUIATUHOBOM ITPOBOJI0YKH. [10-Bur-
IVMMOMY, TPeOYIOTCSI HOITOJHUTEJIbHbIE KCCJIeI0Ba-
HUSI TOTO, KaK ra30HACHIIIICHUE BIMSIEeT Ha CMadynBa-
€MOCTb IIPOBOJIOYKH, T.€. JOIIOJIHUTEIbHOE pealn3a-
LU B YCIOBUSIX 9KCIIEPUMEHTA pexXnmMa “ymapHoro”
3apobiiieodpazoBaHus [27].
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