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I:I c cn ed o eaaot xoe Q fi u q u e u m bt n epMo zp ad u eHmuo z o

ilacconepetocu dnn zopHbtx nopod. Ilot<usaaa nosJrroJtc-

Hocntb p acqe mH ozo o npeden eH un o m ozo xot fi fr uqueHm q

Hs ocHote npuwquna rcauJ|tHocmu Oazazepa, s maKtfie

eZO OmHOCUmenbHOCmb I Sg6UCUrltOCmu Om CUCmeMb,

omcqems. vcmuaoeneqo, qmo dnn nanux sauqeauil
nomeHqusna rnscconepeHoca xoeQQuqaeHmb, uccre-
doeunaux zopHbtx nopod nezuaqumenbHo omnuuqtomct

dpyz om dpyza, s c yrenuqeHueJu nomeHquanq ?mo

o mruque cmaHo 6umc.n cyulecm SeHHbtM.

.{n.a mo6oro (pnsuvecroro nola, Sopur.rpyrcqeroct
BcJIeAcrBr,re nporeKaHuf, B3auMocBr3anHrrx neo6paruurrx

npoqeccoB r{ upo.rrBJrrrouero ce6r B BuAe rroroKoB 3Heprpur

ulH cy6cranquv, cilpaBeryrusa ru*eftHas. ctrcreMa )paBHe-

uufi Ousarepa [1]

r, = L1ox4,=yr3,',o1, (l)
*=l

rge /, - cKopocrb npoTeKaHHr [poqecca, I,|,'II,I xe Bercrop

coorBercrByroutrero rroroKa ; L. k-KnnervqecKne flapaMsrpbr

r43MeHeHr.rr ( xaparrepucrr,rKrr rpoBoArulefi cpeAbr ); X;
ABr.rxyql.Ie cr4rrbr, o6ycnoBJrr,rBaroIlII1Ie Bo3Hr.tKHoBeHHe

[oToKoB.

EcrecrseHHo, rrro B Kaqecrne d uoryr 6brrb npeAcraB-

neHbl rpaAl{eHTbr Bcex np}rpoAHhrx cllJr B3ar,IMoA eitc.tswx

(TeMnepaTypbr, noTeHrtr[aJra MaccolepeHoca n T.A. ). B
nro6ou cryqae Xo no44epxlrBaror Bo3HtrKHoBeHr,re

cooTBeTcTByroulux oAHorrMeHHbrx I,I AO[OJIH[TeJrbHbIX

(ueo4HonueuHrx) lororon u lporeKaH[e lpoqecca.

B xanuuxpuo-loptrcrbD( cpeAax rpaAv eHT TeMlepaD/pbr

Mo)Ker Bbr3Barb noroKLI TerrJIa u Maccbr. B orov cnvqae

ocHoBHor4 noToK Terula Bo3HUKaeT rr3-3a Tenlo[poBoAHocTI,I

r.r noAAepxQrBaercr rlprMofr gruxyulefi cuJrofi- fpaAHeHoM

TeMrreparypbr. T.e., nepelaqa repuuvecxofi 3Heprt,llr B

ocHoBHoM o6ycroBneHa oAHolrMeHHbrM fpaAr{eHToM.

O4nonpeueHHo, 3ror xe rpaAueHT nopoxAaer rrepeHoc

cy6crauqrlu B BrrAe repMofpaAr.IeHTHoro MaccoflepeHoca,

ulu4 )Ke, AoflonHurerrruoro eQQema Cope, xoroprrfi

CyMMLIpyeTCt C OCHOBHbIM IOTOKOM MaCCbI.

llpnuuuoft ,xe rrorBnenlrf, ocHoBnoro [oroKa Maccbr

sBJurercr rpaAr,reHT floreHur4irna Maccouepe-Hoca. Ouenuguo,

qro rr 3Tor rpaAr,ren! Bbr3brBaroqu[ u no44epNusarcqzft

ocHoBHof rrpoqecc Macco[epeHoca, T.e., frprMzur ABr{N(yr{iur

cura g'ilt MacconepeHoca, cloco6cTByer raKxe lepeAarre

3Hepfrrn TepMr,rqecKr4M [yTeM B BLrAe AOIIOJIHUTeJ]EHOTO

e$Qerra [rot[So. BesycnoBHo, rrro 3ror e$$irr ycununaer

ocHoBHofi Teruosofi norox.

Taruru o6pa:oM, B KarrrurJr{puo-[oprrcrbrx cpeAax, [pr4

HUUU{qUU COOTBSICTByIOTTIT4X tpaAr{eHToB, Bo3HUKaeT IIpOqeCC

TeIUrOMaCCOnepeHoca, B KoTopoM c)rl\4MapHhle IIOTOKI4 TeIUIa

I,r Maccbr o6ycnoeleuH o6er,rMri ABr.r)KyrUr{Mr{ cuaalrlr. flpu
3TOM, frpeBaJrr4pyroqa{ Aonr B oAHorrMeHHbrx noroKax

IIpr{HaAJIexaT oAHor{MeHHbrM lpaAr4eHTaM.

OuH.rI,Itr npoqecc "qucroro" TerlJlo[epeHoca B 3Tr{x

cpeAax Mo)KHo ToJrEKO TeopeTnqeCKr,r, flyreM cpaBHeHr4Jr c

nepeHocoM B clnorrrHbrx cpercx[21.

3auetnu, qro creAcrBLIeM orMeqeHHoro orJrlrqu{ 14

.rrBJrrrorcr floHf,Tnr re[Jro- 14 Macco(brl3trrecKrrx xapaK-

Tepr.rcTrrK (l,o) rauunrpHo-[opncTbrx MarepuanoB, tr B

qacTHocTI,I, rrcKOMbrX xapaKTepr4cTlrK TepMorpaAr.IeHTHoro

MaccoIIepeHoca.

O6osua.{a.fl v HAeKc aMta I u 2, c ooraercrBeuHo, noroKI,I

TenJIa I{ MaCCbI r4 OCHOBHbTe CHtIbr, IloA.qepxl,IBarculHe

oAHovMeHHbre rroroKtr, Ha ocHoBe (l) uoxuo [peAcraBr{Tb

cr4creMy ypaBneunfi 4m oH3arepoBcKr4x rroroKoB lepeHoca

3HepfllLI LI MaccbI B KarII,IJInfpHo-IIOpHcTbIX Cpe.qax

J,= L,,X,+ LpX,,

Jr= L,X , + L22X 
2.

(2)

(3)

til
li l.r
I
til

il
il
i
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ilI

ouena4no, qro Arta clyqar reflro[poBoar&r, 
"

cnrouHofi cpeAe, gnuNyrqefi cvnoir {BJrrerc.f, ToJrbKo

fpaAr{eHr reMrreparypbr ( X, ), orcyrcreyer eS<pem Aro00o
(L,, : Q u ypayueuue (2) rpeBpaulaercr s ocHoeHoe

ypaBHeHr.re Te[nolpoBoAHocrn oypre

Q=-lgradT, (4)
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+ lleqaraerc.s B noptlKe nocraaoBKr.r Bonpoca
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rAe q - nJiorHocrb reflJ]oBors uoroKa, Btlu2 2 - ro:r]-

$nqueHr reunoupoBoAr{ocrra, Br/(u.K); grad Z- fpaAneHr

repMoAr4HaMuqecxofi 'rerranepalypu, IVv.

B gasucrlr4ocru or nr,r6opa rpaAtreHTa fipenzumpyrouefr

Asr.rNyu1eii cllJrbr B cnyqae u3orepM[qecKoro Maccoflepe-

Hoca ll3 (3) no,ly'raercs ttw6o ypaBHeH1,1e 4ur|$y:uu Onxa,

nr,r6o ypanneHue Macco[poBoAHocru llrtKoea I,r coorBercr-

Byrou{ee coAepxaHue npno6peraior K[HerLIiIecKI4e

napauerprr L.,.

Cne4yer r.lMerl B B[Ay, tITo 3TI{ napaMerpbl xort [r

xaparoepn3yroT rrpoBoA{ulyto cpeAy, Ho Bce xe 3aB}Ic.f,T oT

nu6opa noreHrrr{ana MacconepeHoca. OrueqeHuoe cKopee

Bcero yKa3brBaer Ha ro) qro 3TLr roo$Suqneurbl .lBtIf,IrJTct

orHocrlTeJrbHbrMr{ or cucreMLI orcrlera. Heo6xoAr'rrr.ro

4o6aeurr, uro nrr6npaeva.r HaML{ npeBanvpyrcqat

ABrrxyuar cvra, He sBItflerct Heonpo Bepxr'rnaofr cucreuoft

oTcqeTa.

Cne4yer raKxe l{Merb B BLIAy, tITo ypaBHeHI,Lf, @ura rl

Jlrxona He xapaKTepn3yrorcf, AocraroqHof crporocruo 4aNe

rlplt I,I3OTepMr.{qecKoM MaccoflepeHoce, Ho B nro6oM cnyqae

J, r^nnnelct flnorHocrrFc floroKa Maccbl.

flo npuuunaM, Koroplle 6y4yr ouenuAHbl HI,Ixe, Mbl

ocraHaBJI[Bae\4 csoil nrr6op Ha rpaA]reHTe floreHlr[ara

MacconepeHoca. cle4onare,lbHo, us (3) ronyqaerct

ypaBHeHI{e JlHroea

Q,,,= - Alil grad 0,

ryle q,,,- nrorHocrl noroKa Maccbl, rr/(rra2.c); )ttt -
xoe$ $ zuuenr Macco[poBoAHo crr4, xr.rtvrolr/ (rcAx.na.c ) ;

grad 0 - rpaAneHT rrorenlll4ana MaccolepeHoca, x!x/
(xruonr.rr.r).

I4g srrue[:roxeHHofo cneAyer, uro $euolueuoroftl-
r{ecKue ypaBHeHu.{ (l) - (3) 6onee o6utl{e, rteM ocHoBHble

3aKoHbr renJro- u MacconpoBoAHocrll. lloorouy Anr

a4erearuofi oueHKu coBMecrHo nporeKarcuero renrloMac-

colepeHoca B Kafll,InngpHo{Iopltcrbrx cpeAax neo6xo4uu

yirer florHbrx troroKoB nepeHoca repl.ruuecrofi 3Heprlltt H

Maccbr Ha ocHoBe 3Tlrx 3aBI'Icl4Mocrei.

3alrernna raKx(e, qro Anfl ropHoro Macc[Ba, pacflono-

xeHHofo Hr4x(e IlepBofo BoAoHe[poHI{I{aeMofo cro.[,

xapaKTepHo fr4fpocKonuqecKoe MaccocoAepxaHlle u

I1poLleccbr rurpocKon]tqecKofo MacconepeHoca.

3'r'l.r npoqeccbl u flpo-aBnqrcr ce6q nprz $oprr,ruponauuu

Mr4KlloKnuMaTa B IIOA3eMHbIX COOpyXeHHflX, pacilonox(eH-

HErx B e'rofi goue. I.tr.a pacverHofo o[peAereHuq

M14KiloKJr!rMarr4qecKLlx trapaN{erpoB, ueo6xoAulrtt 3I]aqeHuq

QeuoneuolofllqecKl4x nor$Qr.rqueuroo /..* 14 ABllxyulnx

cwt X,.

flocxo.nr'ry ocHoBHoe rropoBoe rlpocrpaHcrBo yI-oJIb-

Hofo Maccr4Ba B orMeqenuoi 3oHe npeAcraBJleHo

Mr.lKponopaMl,r c paAl4ycoM KannnJl{poB r r< l0-7 ttpr rllvla
ceo6oAHoro npo6era MoneKyn BoAqHoro flapa HaxoAI4Tct

oxolo grofi BeJrr{qr,tnbr, Mbr cKJtonteMct K BbIBoAy o roM,

qro MacconepeHoc s troil cpeAe cneAyer lzHrepnperr4$onaru

xar :SSysuro (HanpanneHHoro ABuxeHL{t orAenbHblx

MoleKyJr, r4rrr4 r4x ancau6nefi ).

llpu paccrr.rorpeHr.M rpoqecca c roMoulbto 4nQQy:u-

osnoi MoAerIz, Bo3HI{Karor He[peoAon[Mble rpyAHocrlr B

oflpeAeneHnr.r KoHrIeHTpaIII4I,I MOneKyt BOAbI B IOpOBOM

rrpocrpaHcTB9.

Aeno s roM, rrro oALIH Lt3 KoMnoHeHToB anQQynau-

pyrour.ei clrcreMbl <eoAtHof nap - Bo3AyIIrHafr c'rpyfl>>, a

I4MeHHo- BoAruo[ nap, HaxoAl4Tct B rlone BHeIrIHrrxcLtIr>T.e.

n cop6qr.ronHoM cnJIoBoM rlone nopoBoro lpocrpaHcrBa.

lloerouy reoperr.rqecKoe orrpeAeneHlre ABu)Ityue[ cunrt

HeBo3Mo)r(Ho [3], ue cyulecrByer raK)Ke HaAex(Hat

anfiapaTypa Ant [r3MepeHut KoHueHTpaqnI4 BoA.tIHoIo napa

B nopoBoM npocrpancrne [4].

l4cxoLs r43 Bblruer43rIoxeHHoro, MbI orAaeM

npeAnoqreHr.re 3HepreruqecKoMy noreHlluany (5), xoroprri

paccqr4rbrBaercr no Sopr',ryne

0 = RT lrtU,., (6)

r4e R - ynueepcanbHat rzroBat [ocroqHHar, xlxcl(xuonrK);

U,, - cop6unoHuoe orHocl4Tetlbnoe MaccocoAepxaHl{e, B

.4OJUIX eAnHl,trlbl.

llprr'aofi 4nraxyulei culof vocconepeHoca n ropHofi

cpeAe [o HaueMy MHeHuIo tBJIteTc.[ rpa4ueur aroro

IroreHuuana. lnr nstureorMeqeHublx ABl4xyulttx cttJt

coBMecrHoro relJloMaccoo6ueua Ha ocHoBe ypaBHeuuia (2)

* (5) n'nro6ov cnyqae floJlyqaerc{, urQ L 
, , = )" , L,, = ), ,,,,

L,. = rc,,/c, Lr, = 6 o, rAe r - yAenbHar Jr'railbnvfl Qasonoro

npeBpaureHlu, x!x/rr; c,,,, c- xooQQliuueHrbl ygelruofi

Macco- LI TenJ'IOeMKOCTI'I, COOTBeTCTBeHHo, ruOrn/xlx, xpIV

(r<r.K); 6., - repMorpaAlleHrultfi ro:@Snrlrtenr, ornecennrti

K rroreHrrliaJry MacconepeHoca, r<!,N/(r<volr. K).

(5)
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0 , K Dx/xnonb**-*--
I. Cudeponum, 2. lnunucmotrt ateeponum, 3. ffecuanux,
4. Cudepumuzupoeanaotfi arenporum, 5. Apzunum.

I,Ig srruer4 groxeHHoro oqeBrdAHo,qro roeQ Suqueur
TepMorpaAr{eHTHOTO MaCconepeHoca cllelyeT oflpeAejr{Tb

corrracHo ypaBHeHr.rrc (3). flpu J, u ).nt > d rs eroro

)paBHeHr,lr flonyqaerct

6n =@rad 0/grad T),r=o = (/e/AT)r2='.

lnx ropuux nopo4 Tr<u6ylu-Illaopcxoro KaMeHHo_

yronbHofo MecropoxAe:e,vfl, HaMn 6ttlu cocraBJleHbr

r,BoTepMbt cop6quv BoATHOTO [apa, c rroMor{bro KoTopbtx

yA:rrrocb nocrpourb HoBbre 4punsrc 0= f(T)o-, u o[peAeJrurb
trr.rcreHHbre 3HaqeHr,rrr repMofpaAueHTHoro xoaQ$uqueura.

CneAyer orMerlrrb, trro Am IitccJIeAoBaHHbrx ropnbrx
TIOPOA ETOT TO: Q Q UUI,I CHT YAOBNCTB OP.'ICT IIPI,THUI,IIIY

B3atrMHocTLr Onsarepa c 7 o/o-nuv upu6luxeuueu.
Cornacro oroMy trprrHqllny, np]r coorBercrnyrouqena eu6ope

ABr,D(yrqux czn, $euorraeHororr,rqecKue xoeS$uqueuTbr L 
",,

M. qJSBJSJ

bJaCI0rl aJ6cariao otc6ama6JcQ0cS(9uq0
aJbJaJcqJOJSOtr ACbJbCA

tsXL$s3qoqo"r j.r6XloL cnX60rng6.rqoa66lq., 0.r1rs6.r-

q.r$"r5oL 3rn1go6o36$31o. o6trgX6ot G.r63.rq33loL J6o6-

6o Jo'L 8ob3q8oc,, ScBac6clo.r .rO 3ox3o13ox6$o1i gs.r66u6otsx-

dot 83Lsdq3lqob.r q.r ca6Xor33 Ooto g.r6qrnloorolr .ro3_

qoii toL$X3ob 3o3o6o. q.rq3;6oqo.r, 6od O"rlr.rgsqs$$ol
Jo$X66o.rqol 3go6X 35o3353qrnd3boliocn3o1r E3tSr3qoqo
jJSCAot 3o3go6q5$1bo 36or8o6Xoo1i.r3.r6 206o836;qc.rq 6c6_
lrb3.r3q3do.16, brnqc-r Jo$366o.rqot %6qoor 6.r6tb3.r3Xlr
o6lr3doo.rq 6s3rn333oroqos.

6o= rc,,, / c'

IOYKI4, 1911.202c.

O.I-ANCHAVA

ON THERMO-GRADIENT MASS TRANSFER IN
MOUNTAINSURROUNDINGS

The coefficients of thermo-gradient mass transfer of rocks
are studied. The possibility of design definition of this
coefficient on the basis of Onzager reciprocity. as well ls its
relativity depending on readout system is shown. It is stated
that for small values of the potentialiof mass transf.er the
coefficients of the investigated rocks differ insignificantly,
u,hile when the potential increases, th'e difference becomes

essential.

a)
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L ,,yucilewno paBHbr r,r orrrrlqarorcfl Apyr or Apyra roJrbKo rro

pa3MepHocTr4.

Tar<uu o6pa: orra, TepMorpaAu eHrnbrfi Ko gO 
O r4rlr4 enr

MO)r{HO O[peAenr,rTb pacqeTHblM rryTeM [o cooTHorueHrfio

' Pesylrraur 3Kcrrepr,rMeHraJrbHbrx o[peAeneu]rf 3Toro

roe$Qr,rquenra bortocraBreHbr c reoperr4lrecx],rMr4 3Haqe-

Hnfl;llr4, BbtrrucJreHHblx no Qoprr,ryne (8) u [pr4BeAeHbr Ha

pficyHKe. Kax nu4n0, An{ Muurbrx sHaqeHrafi noTeHIII4aJIa.

repMofpaAueHTubril xos$$r.rqraeHr rBrflerc.q hpaxrn.recrn

IrocrofiHHhlM. Kporrae roro, AJrq r{ccneAoBaHHbrx ropHbrx

nopoA B o6ilacTqr MUUrbrx BeIInrrr4H [oTeHrIrraJIa, qIzcJIeHHbIe

3HaqeHur 3Toro xosQQnqraeHra orflIllqarcrc,,qpyf or Apyra
BecbMa He3HaqI,ITeIIbHO, a C yBeI[rreHI4eM IIOTeHUT{aJIa 3TO

oTll4rrr4e CTaHoBI,ITC.{ CyUIecTBeHHbIM.
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