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t. We present a statisti
al theory for di�usion - rea
tion pro-
esses of gaseous mixture in the system \metal - adsorbate - gas". Thetheory is based on equivalent taking into a

ount of ele
tron - ele
tron,ele
tron - atom and atom - atom intera
tions between adsorbed, non-adsorbed atoms and atoms of metal surfa
e. On metal surfa
e the bi-mole
ular rea
tions of the kind A + B $ AB are possible to o

urbetween adsorbed atoms that is typi
al of 
atalyti
 pro
esses. By meansof Zubarev nonequilibrium statisti
al operator there is obtained the sys-tem of transport equations for the 
onsistent des
ription of ele
troni
kineti
 and di�usion - rea
tion atomi
 pro
esses.óÔÁÔÉÓÔÉÞÎÁ ÔÅÏÒ�Ñ ÄÉÆÕÚ�ÊÎÏ-ÒÅÁË��ÊÎÉÈ �ÒÏ�ÅÓ�× Õ ÓÉÓ-ÔÅÍ� \ÍÅÔÁÌ-ÁÄÓÏÒÂÁÔ-ÇÁÚ"ð.ð.ëÏÓÔÒÏÂ�Ê, â.í.íÁÒËÏ×ÉÞ, à.ë.òÕÄÁ×ÓØËÉÊ, í.÷.�ÏËÁÒÞÕËáÎÏÔÁ��Ñ. íÉ �ÒÅÄÓÔÁ×ÌÑ¤ÍÏ ÓÔÁÔÉÓÔÉÞÎÕ ÔÅÏÒ�À ÄÉÆÕÚ�ÊÎÏ - ÒÅ-ÁË��ÊÎÉÈ �ÒÏ�ÅÓ�× ÄÌÑ ÇÁÚÏ×ÉÈ ÓÕÍ�ÛÅÊ × ÓÉÓÔÅÍ� \ÍÅÔÁÌ - ÁÄÓÏÒÂÁÔ- ÇÁÚ". �ÅÏÒ�Ñ ÂÁÚÕ¤ÔØÓÑ ÎÁ Ò�×ÎÏ�ÒÁ×ÎÏÍÕ ×ÒÁÈÕ×ÁÎÎ� ÅÌÅËÔÒÏÎ -ÅÌÅËÔÒÏÎÎÉÈ, ÅÌÅËÔÒÏÎ - ÁÔÏÍÎÉÈ ÔÁ ÁÔÏÍ - ÁÔÏÍÎÉÈ ×ÚÁ¤ÍÏÄ�Ê Í�ÖÁÄÓÏÒÂÏ×ÁÎÉÍÉ ÔÁ ÎÅÁÄÓÏÒÂÏ×ÁÎÉÍÉ � ÁÔÏÍÁÍÉ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ. îÁ�Ï×ÅÒÈÎ� ÍÅÔÁÌÕ Í�Ö ÁÄÓÏÒÂÏ×ÁÎÉÍÉ ÁÔÏÍÁÍÉ ÍÏÖÕÔØ �ÒÏÈÏÄÉÔÉ Â�-ÍÏÌÅËÕÌÑÒÎ� ÒÅÁË��§ A+B $ AB. úÁÓÔÏÓÕ×Á×ÛÉ ÍÅÔÏÄ ÎÅÒ�×ÎÏ×ÁÖ-ÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ úÕÂÁÒ¤×Á, ÍÉ ÏÔÒÉÍÁÌÉ ÓÉÓÔÅÍÕ Ò�×-ÎÑÎØ �ÅÒÅÎÏÓÕ ÄÌÑ ÕÚÇÏÄÖÅÎÏÇÏ Ï�ÉÓÕ Ë�ÎÅÔÉËÉ ÅÌÅËÔÒÏÎ�× ÔÁ ÄÉÆÕ-Ú�ÊÎÏ - ÒÅÁË��ÊÎÉÈ ÁÔÏÍÎÉÈ �ÒÏ�ÅÓ�×.ðÏÄÁ¤ÔØÓÑ × Cond. Matt. Phys.Submitted to Cond. Matt. Phys.

 ¶ÎÓÔÉÔÕÔ Æ�ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ 2000Institute for Condensed Matter Physi
s 2000



1 ðÒÅ�ÒÉÎÔ1. Introdu
tionPro
esses of adsorbtion, desorbtion, di�usion of atoms, ions, polar andmagneti
 mole
ules or 
lusters on surfa
es of metals, insulators, semi
on-du
tors play one of 
entral roles in the development of nanostru
turalthin �lm te
hnologies for mi
ro and optoele
troni
s. Di�usion pro
esses,adsorbtion and desorbtion me
hanisms are de
isive also in 
atalyti
 re-a
tions on a
tive surfa
es whi
h stru
ture and ele
tron stru
ture have inthese rea
tions a 
entral role. Ele
troni
 pro
esses on the metal surfa
e,whi
h 
reate lo
al ele
tri
 �elds in 
atalysis rea
tions also are the pro-moters of disso
iation - asso
iation pro
esses of gas mole
ules. All thesephenomena suÆ
iently 
ompli
ate the study of me
hani
s of di�erent
atalysis rea
tions. Besides, to understand them, a rigorous and detailedstudy of ele
troni
 kineti
 and di�usion - rea
tion atom - mole
ular pro-
esses must be 
arried out. Su
h pro
esses and phenomena are subje
tfor an intensive experimental and theoreti
al study in solid state physi
s.Nowadays experimental methods of investigation su
h as s
anning - tun-nelling - mi
ros
opy (STM), s
anning - tunnelling - spe
tros
opy (STS),�eld - ion - mi
ros
opy (FIM), and their modi�
ations give ea
h time amore detailed information about the ele
troni
 stru
ture, di�usion pro-
esses, stru
tural transformations on surfa
es of metals, insulators, semi-
ondu
tors, high temperature super
ondu
tor [1-7℄. A more sequentialtheory of atom transport at s
anning by tunnelling ele
trons with tak-ing into a

ount me
hanisms of atoms heat os
illations and substratephonon os
illations with the use of transfer Hamiltonian \substrate -adsorbate - tip" was presented and development in papers [8-11℄. Of
ourse, the pro
esses of atoms and mole
ules transport on surfa
e ofa solid state, no matter whether the STM investigations are pursued ornot, 
riti
ally depend on both the nature of intera
tions between of them,whi
h 
an be dipole or magneti
, and a state of substrate: paramagneti
,ferromagneti
, ferrimagneti
, et
. Furthermore, for su
h a spatially inho-mogeneous systems one has another topi
al problem: the des
ription ofquantum transport pro
esses on small times with taking a

ount initialstates and non-Markovian memory e�e
ts; the des
ription of 
hemi
al
ataliti
 rea
tions on a metal surfa
e. One approa
h for the 
onstru
-tion of quantum kineti
 equations with taking a

ount initial states andnon-Markovian memory e�e
ts was suggested re
ently on the basis ofthe of mixed Green fun
tions [12,13℄. Pro
esses of atoms and mole
ulestransport on surfa
e of solid states 
an be des
ribed here on the basis ofthe theory of surfa
e di�usion [14,15℄, or kineti
 equations [16,17℄.In the present paper, we present generalized transport equations of a
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onsistent des
ription of ele
tron kineti
 and atomi
 di�usion - rea
tionof pro
esses in a system \metal - adsorbate - gas". To this end we usethe nonequilibrium statisti
al operator (NSO) method by D.N.Zubarev[12,18℄ and obtain a kineti
 equation for one-ele
tron density matrix and
onne
ted with this relation di�usion - rea
tion equations for adsorbedand nonadsorbed gas atoms on a metal surfa
e.2. Nonequilibrium statisti
al operator and transportequations of ele
trons and atoms of a system\metal - adsorbate - gas"For the 
onsistent des
ription of ele
tron kineti
 of pro
esses on a metalsurfa
e with adsorbed gas atoms or mole
ules one needs to take into a
-
ount many pe
uliarities whi
h are 
onne
ted with s
reening e�e
ts andsurfa
e di�usion. We will 
onsider the system \metal - adsorbate - gas".Gas mole
ules be
ome polarized and 
an disso
iate near the metal sur-fa
e in nonhomogeneus ele
tri
 �eld, whi
h is produ
ed by 
ondu
tionele
trons and lo
alized ele
trons (for example d - ele
trons of transitionmetals) as well as by metal surfa
e ions. Finally, due to the intera
-tion, the disso
iation produ
ts are adsorbed on the metal surfa
e. Thisis the disso
iation me
hanism of gas mole
ules in numerous 
ataliti
 re-a
tions (espe
ially, ammiak 
atalysis). Then, the diss
iation produ
ts ofdi�erent mole
ules, whi
h are adsorbed on metal surfa
e, join the 
hem-i
al rea
tions with energy threshold, whi
h is suÆ
iently lower, thanfor rea
tionsin volume 
ondition without 
atalizer. After that it is morepreferable energeti
ally for the rea
tion produ
ts to leave the surfa
e.Modern 
ataliti
 rea
rions of the surfa
e are mainly bimole
ularA+B $ AB;though metal surfa
e atoms a
tively parti
ipate in them. This is dis-played though the ele
tron - ion - mole
ular intera
tions.Let us suppose that after intera
tion of gas atoms or mole
ules withsurfa
e, some part of them is adsorbed. Let Na be the total numberof nonadsorbed atoms, whereas N�a be the number of atoms adsorbedon a metal surfa
e, Ne be the total number of ele
trons, and Ns be thenumber of ions of a metal. The total Hamiltonian of su
h a system reads:H = He +H inti +Ha +H inta + X�=a;s;�a1�f�N� U�(zf ) +Hrea
; (2.1)



3 ðÒÅ�ÒÉÎÔwhere Ha is the Hamiltonian of a gas subsystem. It is 
onsidered to be
lassi
al one. H inta is the Hamiltonian whi
h des
ribes intera
tions be-tween gas atoms and ele
trons, metal surfa
e ions and adsorbed atomsor mole
ules. H inti - is the Hamiltonian whi
h des
ribes the intera
-tions between adsorbed gas atoms and metal surfa
e ions; U�(zf ) is aninhomogeneous e�e
tive potential of a surfa
e whi
h is assembled by
olle
tive e�e
ts in semilimited spa
e, in our 
ase in metal; He is theHamiltonian of ele
tron subsystem; Hrea
 is the intera
tion Hamiltonianfor the 
hemi
al rea
tion between adsorbed atoms or mole
ules on ametal surfa
e:Hrea
 = X�a;�b;�a0;�b0(h�a0;�b0j�rea
j�a;�bi^q+�a0 ^q+�b0 ^q�a^q�b+h�a0;�b0j�rea
j�a;�bi�^q+�a ^q+�b ^q�a0 ^q�b0)with the amplitude h�a0;�b0j�rea
j�a;�bi = h�a;�bj�rea
j�a0;�b0i of rea
tion be-tween of reagents A, B and of the rea
tion produ
ts AB (we shall usethe indi
es �a , �b and �a0�b0 for the states of reagents A, B (atoms ormole
ules) and for the states an atoms in the rea
tion produ
t AB).Here ^q+�a0 , ^q+�b0 , ^q+�a , ^q+�b and ^q�a0 , ^q�b0 , ^q�a, ^q�b are the atom 
reation and anni-hilation operators for the states �a0;�b0 , �a and �b of mole
ules AB, A andB, 
orrespondingly. We will study the kineti
s of an ele
tron subsystemon a metal surfa
e and di�usion - rea
tion pro
esses of adsorbed andnonadsorbed gas atoms or mole
ules. In view of this, it is 
onvenientto use the se
ond quantization for ele
tron subsystem in Hamiltonian(2.1) a

ordingly to Ref. [19℄. To this end one needs to 
hose a properbasis of wave fun
tions. Let us suppose that we know the solution to theShr�odinger equation for an ele
tron�� �h22me�+ Ve�(r�X�)� ��(r�X�) = "�� ��(r�X�); (2.2)in potential �elds of surfa
e atom, nonadsorbed and adsorbed gas atoms.Here X� = (r�;R�) are Cartesian 
oordinates of parti
les. Eigen fun
-tions of equation (2.2) satisfy the 
onditions of orthogonality and 
om-pleteness Z dR ��(r�Rj) �(r0 �Rj) = Æ��;X�  ��(r�Rj) �(r0 �Rj) = Æ(r � r0)for any j = 1; : : :Nb; f�; �; �g are quantum numbers and "��= (E�,"� , Ead� ) are eigen - values of ele
tron energies. Let us use the set of
ICMP{00{20E 4fun
tions  ��(r�X�) = ( v(r�Rf ), '�(r�rl), 'ad� (r�Rl)) as a basisfor expansion of ele
tron �eld operators:^ (r; s) = N+Xf=1X� X�=��h=2 �(r�Rf )��(s)^af�� + (2.3)NaXl=1X� X�=��h=2'�(r� rl)��(s)^
l��+N�aXl=1X� X�=�h=2'ad� (r�Rl)��(s)^
adl�� ;where ��(s) are wave fun
tions of an ele
tron spin operator, � = ��h=2are the ele
tron spin proje
tions on a quantization axis, s is a spin 
oordi-nate. ^af��, ^
l�� , ^
adl�� end ^a+f��, ^
+l�� , ^
(ad)+l�� are ele
tron annihilation and
reation operators, Rf surfa
e atom, rl gas atom, Rl adsorbed atom ona metal surfa
e, respe
tively. Then, the Hamiltonian of ele
tron subsys-tem taking into a

ount (2.3) in the se
ond quantization representation,reads: He = X�;�;� "�� ^n��;�+X�;� X�;�;� t���� � ^A+��� ^A��� + ^A+��� ^A����+ (2.4)X�;��0;�0 X�!����0W ��!� (�; �;�0; �0) ^A+��� ^A+���0 ^A�0��0 ^A�0!� ;where "�� is one-ele
tron energy in a �eld of 
orresponding atom (surfa
e,adsorbate, not adsorbate, tip). Operators ^A+�j�� vary from the set ^a+f��,^
+l�� , ^
(ad)+l�� , whereas operators ^A�j�� vary from the set ^af�� , ^
l�� , ^
adl�� andare the ele
tron 
reation and annihilation operators on Rf surfa
e atom,Rl gas atom, Rl adsorbed atom on a metal surfa
e, 
orrespondingly.^n��� =Xj=1 ^A+�j�� ^A�j��is the density operator of ele
trons in �eld of 
orresponding atoms."�v = Z dr �� (r)�� �h22me�+ U�(z) + V��(r)� �� (r);



5 ðÒÅ�ÒÉÎÔwhere V��(r) are 
orresponding potentials of ele
trons in �eld of metalions adsorbed, nonadsorbed gas atoms or mole
ules.t���� = Z  �� (r)(� �h22me�+ V��(r) + U�(z)) ��(r)drare matrix elements of the Hamiltonian. They des
ribe pro
esses of ele
-tron transitions in �eld of 
orresponding atoms and ions.W ��!� (��;�0�0) = 12 Z Z  �� (r) �0! (r) e2jr� r0j ��(r0) �0� (r0)drdr0is some Coulomb repulsive integral of ele
trons, whi
h are 
onne
tedwith 
orresponding atoms in a

ordan
e with (2.3). Analysis of the totalHamiltonian (2.4) of the ele
tron subsystem 
an be made in detail inview of the hybridization pro
esses between ele
tron states of a surfa
eand atoms as well as e�e
ts of intera
tion between ele
trons. Su
h ananalysis should be made on expansions on overlap integrals of orbitals of
orresponding atoms similarly to [20℄. The 
urrent of ele
trons betweenpositions l and j in a system 
an be evaluated from the equationJlj = Z Sp(^tlj( ^G+�lj � ^G+�jl ))dE;where ^G+�lj , ^G+�jl are the spe
tral fun
tions of time one-ele
tron Greenfun
tions. These fun
tions 
an be rewritten in the matrix form like this:^Glj(1; 10) = " ^G++lj (1; 10) ^G+�lj (1; 10)^G�+lj (1; 10) ^G��lj (1; 10) # =� ^g
lj(1; 10) ^g<lj (1; 10)^g>lj (1; 10) ^galj(1; 10) � ;where ^g
lj are 
ausal, ^galj anti
ausal and ^g<lj , ^g>lj 
orrelation Green fun
-tions for ele
trons:^g
;alj (1; 10; t0) = (i�h)�1hT 
;a[ ^ lH(1); ^ +jH (10)℄it0 ;^g>lj (1; 10; t0) = (i�h)�1h ^ lH (1) ^ +jH (10)it0 ;^g<jl(1; 10; t0) = �(i�h)�1h ^ +jH (10) ^ lH (1)it0 ;where (1) = (r1; s1; t1), (10) = (r01; s01; t01). ^ lH (1), ^ +jH (10) are �eld op-erators of ele
tron in Heisenberg representation^ lH (1) = U(t0; t) ^ l(r1; s1)U(t; t0);
ICMP{00{20E 6U(t; t0) = e�i=�h(t�t0)H :T 
;a are dire
t and reverse time ordering operators. ^g
lj , ^galj , ^g<lj , ^g>lj de�neretarded and advan
ed Green fun
tions ^gRlj , ^gAlj , by the relations ^gRlj =^g
lj � ^g<lj = ^g>lj � ^galj , ^gAlj = ^g
lj � ^g>lj = ^g<lj � ^galj . Fun
tions^Glj(1; 10; t0) = (i�h)�1hTC [ ^ lH(1); ^ +jH (10)℄it0 ;satisfy the equation of Dyson type in Keldysh formalism [21℄, [12,13,22℄.TC is an operator of time ordering on a Keldysh 
ontour C [21℄. Cal-
ulation of averages h� � �it0 in Green fun
tions is made with the helpof nonequilibrium statisti
al operator �(t)jt=t0 in the initial time whi
hshould be de�ned from the solution to the quantum Liouville equationfor our system \ metal-adsorbate-gas". Problems of averaging on initialnonequilibrium states in Green fun
tions have been analysed in detail inpapers [21,13,22℄, where a mixed Green fun
tions formalism as a gener-alization of the Keldysh-S
hwinger one is proposed. Su
h an approa
hin our 
ase 
ould give a possibility to take into a

ount an in
uen
e ofdi�usion - rea
tion gas pro
esses on a surfa
e on ele
tron pro
esses viaaveraging in 
orresponding Green fun
tion with the help of the nonequi-librium statisti
al operator of gas subsystem in initial time. In parti
ular,it 
an be shown on the basis of [22℄, that the 
orrelation Green fun
tion^g<jl(1; 10; t0) in limit t0 ! �1 and t1 = t01 is equal to one-parti
le densitymatrix in r-representationflj(r1; s1; r01; s01; t1) = �i�h limt0!�1 ^g<jl(1; 10; t0)jt1=t01 :It gives the 
onne
tion of ^g<jl(1; 10; t0) with the ele
tron 
urrent.For a 
onsistent des
ription of both ele
tron kineti
 and di�usion -rea
tion pro
esses of adsorbed and nonadsorbed gas atoms in a system\metal - adsorbate - gas" we will use the method of nonequilibriumstatisti
al operator (NSO) by D.N.Zubarev [12℄. This method is basedon Bogolubov's ideas of a shortened des
ription of nonequilibrium stateof a system using the set of observed parameters. Su
h parameters of theshortened des
ription 
an be nonequilibrium mean values of the ele
tronsubsystem: h ^A+�j�� ^A�l��0 it = Sp� ^A+�j�� ^A�l��0�(t)� (2.5)is the nonequilibrium one-ele
tron density matrix; mean densities of ad-sorbed and nonadsorbed gas atoms or mole
ules on a metal surfa
e are:h^n��a(R)it = Sp (^n��a(R)�(t)) ; h^na(r)it = Sp (^na(r)�(t)) ; (2.6)



7 ðÒÅ�ÒÉÎÔand h^da(r)it = Sp�^da(r)�(t)� (2.7)is the mean polarization of density of gas atoms or mole
ules,^da(r) = NaXj=1 djÆ(r� rj)is the mi
ros
opi
 polarization of density of gas atoms or mole
ules, djis dipole moment of parti
le j;h ^G�;��a�b (R;R0)it = Sp� ^G�;��a�b (R;R0)�(t)� (2.8)is the nonequilibrium pair of the distribution fun
tion of adsorbed atomsor mole
ules on the metal surfa
e. Here ^n��a(R) is the density operatorof gas atoms whi
h are adsorbed in a �- state on the metal surfa
e;^n��a(R) = PNadaj ^ +�j(R) ^ �j(R), ^ +�j(R), ^ �j(R) are the 
reation andannihilation operators in a �- state of adsorbed gas atom on a metalsurfa
e. ^G�;��a�b (R;R0) = ^n��a(R)^n��b (R0);^na(r) = NaXj=1 Æ(r� rj)is the mi
ros
opi
 density of gas atoms or mole
ules. If the 
hemi
albond, stimulated by the metal surfa
e between adsorbed atoms appears,then the 
oordinate L�a�b mole
ule (
luster), 
onsisting of the two atomsin states � and �, 
an be found, with the help of transition from individ-ual referen
e systems for ea
h atom ^n��a(R), ^n��b (R0) to their mass 
enterreferen
e system. Then h ^G�;��a�b (R;R0)it is a mean density of mole
ules,
reated in the 
hemi
al rea
tion between adsorbed atoms on metal sur-fa
e. On the 
ontrary, mole
ules, 
onsisting of two atoms in states � and�, under the in
uen
e of nonhomogeneus magnet
 �eld, 
an at �rst bedisso
iated to atoms and then be adsorbed by the metal surfa
e. In this
ase, h ^G�;��a�b (R;R0)it is the nonequilibrium quantum distribution fun
-tion of atoms on metal surfa
e. Mean values of parameters of shorteneddes
ription are 
al
ulated with the help of �(t) -NSO of ele
trons andatoms of our system. This operator satis�es the Liouville equation��t�(t) + iLN�(t) = 0; (2.9)
ICMP{00{20E 8where iLN is the Liouville operator whi
h 
orresponds to the totalHamiltonian (2.1). One 
an distinguish in the stru
ture of the opera-tor iLN some 
lassi
al and some quantum parts:iLN = iL
lN + iLqunN ;iL
lN = NaXj=1 pjma ��rj � 12 NaXj 6=j0 ��rj Vaa(jrj � rj0 j)� ��pj � ��pj0 ��Na;N�Xj;�;f ��rj (Va�(rj ;Rf ) + Ua(zj)) ��pjis thr 
lassi
al part that 
orresponds to an intera
ting gas. Va�(rj ;Rf )are intera
tion potentials of gas atoms with other atoms of a system.i^LqunN ^A = 1i�h h ^A;He +H inti +H inta + U +Hrea
iis the quantum part of the total Liouville operator. The nonequilibriumstatisti
al operator of ele
trons, atoms of a \metal - adsorbate - gas " isnormalized as Sp�(t) = 1;where Sp(: : :) = Q� R (dx)N�N�!(2��h)3N� Sp(�;�;�)(: : :), dx = drdp, N� =fNa; N�a; Ne; Nsg, Sp(�;�;�) means summation on all values of spin andother quantum numbers. To �nd nonequilibrium statisti
al operator �(t)one needs a boundary 
ondition. Using the NSO method by D.N.Zubarev[12,18℄, we will looking for the solution to equation (2.9) in su
h a form,where time dependen
y is in
luded indire
tly via mean values of the setof the shortened des
ription. To this end let us introdu
e into right handside of the Liouville equation (2.9) some in�nitely small sour
e whi
hdestroys its symmetry on time inversion and sele
ts needed retarded so-lutions [12,18℄. Thus, we will start further from the equation� ��t + iLN� �(t) = �" (�(t)� �q(t)) ; (2.10)where " ! +0 after thermodynami
 limiting transition. Auxiliaryquasiequilibrium statisti
al operator �q(t) is de�ned from the 
onditionof extremum of information entropy of a system and 
onservation of nor-malization Sp�q(t) = 1 and �xed values of parameters of the shortened



9 ðÒÅ�ÒÉÎÔdes
ription. In our 
ase these parameters are de�ned by relations (2.5)-(2.8). Then, going by the standard way [12,18℄ one obtains the expressionfor quasiequilibrium statisti
al operator:�q(t) = expf��(t)� �(H �Xl;l0 b(l; l0; t) ^Nll0� (2.11)Xa Z dr�a(r; t)^na(r)�X�a X� Z dR���a(R; t)^n��a(R)�Xa Z dre(r; t)^da(r)�X�a�b X�� Z dRdR0M�;��a�b (R;R0; t) ^G�;��a�b (R;R0))g;where �(t) = ln Sp expf��(H �Xl;l0 b(l; l0; t) ^Nll0�Xa Z dr�a(r; t)^na(r)�X�a X� Z dR���a(R; t)^n��a(R)�Xa Z dre(r; t)^da(r)�X�a�b X�� Z dRdR0M�;��a�b (R;R0; t) ^G�;��a�b (R;R0))g;is the Massieu-Plan
k fun
tional. It is de�ned from the normaliza-tion 
ondition �q(t). Parameters b(l; l0; t), �a(r; t), ���a(R; t), e(r; t),M�;��a�b (R;R0; t) are de�ned from the self - 
onsisten
y 
onditionsh ^Nll0it = h ^Nll0 itq ; h^na(r)it = h^na(r)itq ; (2.12)h^n��a(R)it = h^n��a(R)itq ; h^da(r)it = h^da(r)itq ;h ^G�;��a�b (R;R0)it = h ^G�;��a�b (R;R0)itq ;and denote, that �a(r; t) is the lo
al 
hemi
al potential of a gas atom;���a(R; t) is the lo
al 
hemi
al potential of an adsorbed atom in a state� on a metal surfa
e; e(r; t) is the lo
al ele
tri
 �eld, whi
h is made upby ele
tron and ion subsystem on metal surfa
e, and is de�ned by theMaxwellian equation:re(R; t) = 4�(h^�e(R)it + hXf Zfe^nf (R)it); (2.13)
ICMP{00{20E 10where ^ne(R)=Ps ^ +(R; s) ^ (R; s) is the density operator of theele
tron subsystem on metal surfa
e, ^�e(R)=e^ne(R) is the den-sity operator 
harge of ele
trons, e is the 
harge of ele
tron and^nf (R)=Ps0 ^ +f (R; s0) ^ f (R; s0) is the density operator of the ion sub-system on the metal surfa
e, s0 is a spin 
oordinate and Zf is valen
eof ion on metal surfa
e. M�;��a�b (R;R0; t) is the lo
al 
hemi
al potential ofan adsorbed 
omplex atoms �a, �b in a states � and � on a metal surfa
e;� = 1kâT , kâ is the Boltzmann 
onstant, T is the equilibrium value oftemperature. Here ^Nll0 = ^A+l ^Al0 , l; l0 indi
ate the set of indi
es f�; j��g;h(: : :)itq = Sp(: : :)�q(t). Using the standard NSO pro
edure with takinga

ount proje
tion [12,18℄ and stru
ture of �q(t) (2.11) one obtains from(2.10) the expression for nonequilibrium statisti
al operator:�(t) = �q(t) +Xll0 tZ�1 e�(t0�t)T (t; t0) 1Z0 d���q (t0)IN (l; l0; t0)�1��q (t0)�b(l; l0; t0)dt0+Xa Z dr tZ�1 e�(t0�t)T (t; t0) 1Z0 d���q (t0) (2.14)Ia(r; t0)�1��q (t0)��a(r; t0)dt0+X�a X� Z dR tZ�1 e�(t0�t)T (t; t0) 1Z0 d���q (t0)I��a (R; t0)�1��q (t0)����a(R; t0)dt0+Xa Z dr tZ�1 e�(t0�t)T (t; t0) 1Z0 d���q (t0)Iad (r; t0)�1��q (t0)�e(r; t0)dt0+X�a;�b X�;� Z dR Z dR0 tZ�1 e�(t0�t)T (t; t0) 1Z0 d���q (t0)I��G�a�b(RR0; t0)�1��q (t0)�M���a�b (RR0; t0)dt0;



11 ðÒÅ�ÒÉÎÔwhere T (t; t0) = exp8<:� tZt0 (1�Pq(t00))iLNdt009=;is an evolution operator with taking a

ount proje
tion. Pq(t) { is theKawasaki-Gunton proje
tion operator. It a
ts on statisti
al operator andhas properties like this:Pq(t)�(t0) = �q(t); Pq(t)�q(t0) = �q(t);Pq(t)Pq(t0) = Pq(t):It is 
onne
ted with Mori proje
tion operator P(t) by the relation:Pq(t) ^A�q(t) = 1Z0 d�(�q)�P(t) ^A�0q(t)1�� :P(t) ^A = h ^Aitq +Xl;l0 Æh ^AitqÆh ^Nll0it ( ^Nll0 � h ^Nll0it)+Xa Z dr Æh ^AitqÆh^na(r)it (^na(r)� h^na(r)it)+X�a X� Z dR Æh ^AitqÆh^n��a(R)it (^n��a(R)� h^n��a(R)it):+Xa Z dr Æh ^AitqÆh^da(r)it (^da(r)� h^da(r)it)+X�a�b X�� Z dR Z dR0 Æh ^AitqÆh ^G�;��a�b (R;R0)it ( ^G�;��a�b (R;R0)�h ^G�;��a�b (R;R0)it):P(t) a
ts on operators and has properties of a proje
tion operator:P(t)^na(r) = ^na(r); P(t) ^Nll0 = ^Nll0 ;P(t)^n�a(R) = ^n�a(R); P(t)^da(r) = ^da(r);P(t) ^G�;��a�b (R;R0) = ^G�;��a�b (R;R0);P(t)P(t0) = P(t); P(t)(1�P(t)) = 0:
ICMP{00{20E 12IN (l; l0; t0) = (1�P(t0)) _^N ll0 ; Ia(r; t0) = (1�P(t0)) _^na(r);I��a (R; t0) = (1�P(t0)) _^n��a(R); (2.15)Iad (r; t0) = (1�P(t0)) _^da(r);I��G�a�b(RR0; t0) = (1�P(t0)) _^G�;��a�b (R;R0)are generalized 
ows, _^N ll0 = 1i�h [ ^Nll0 ; H ℄, _^na(r) = iL
lN ^na(r) = 1mar �^pa(r), ^pa(r) =PNaj=1 pjÆ(r � rj) is the mi
ros
opi
 momentum densityof gas atoms, _^n��a(R) = 1i�h [^n��a(R); H ℄; _^da(r) = iL
lN ^da(r); _^G�;��a�b (R;R0) =1i�h [ ^G�;��a�b (R;R0); H ℄. In su
h a way, we obtained a general expression fornonequilibrium statisti
al operator �(t) of ele
trons and gas atoms ina system \metal - adsorbate - gas " for spe
i�
 set of parameters ofshortened des
ription (2.5){(2.8). It depends on generalized 
ows (2.14)whi
h des
ribe dissipative transport pro
esses in a system. As far as un-der the prin
iple of shortened des
ription �(t) is a fun
tional of parame-ters h ^Nll0it, h^na(r)it, h^n��a(R)it, h^da(r)it, h ^G�;��a�b (R;R0)it 
orrespondinglyto the self-
onsisten
y 
onditions (2.12), to have a 
omplete des
riptionof nonequilibrium pro
esses one needs to 
onstru
t transport equations.To obtain them let us use the equality:��t h ^Bnit = hiLN ^Bnit = hiLN ^Bnitq + hIB(t)it;where ^Bn=( ^Nll0 ; ^na(r); ^n��a(R); ^da(r); ^G�;��a�b (R;R0)) andIB(t) = (IN (l; l0; t); Ia(r; t); I��a (R; t); Iad (r; t0); I��G�a�b(RR0; t0):Averaging the right hand parts of these equalities with the help of NSO(2.14) one obtains generalized transport equations for one-ele
tron den-sity matrix and mean values of densities of adsorbed and nonadsorbedgas atoms:��th ^Nll0it = h _^N ll0itq +Xj;j0 tZ�1 e�(t0�t)'NN (ll0; jj0; t; t0)�b(j; j0; t0)dt0+Xa Z dr0 tZ�1 e�(t0�t)'Nna(ll0; r; t; t0)��a(r0; t0)dt0+ (2.16)



13 ðÒÅ�ÒÉÎÔX�a X�0 Z dR0 tZ�1 e�(t0�t)'�0Nn�a(ll0;R; t; t0)���0�a (R0; t0)dt0+Xa Z dr0 tZ�1 e�(t0�t)'Nda(ll0; r0; t; t0)�e(r0; t0)dt0+X�a�b X�0�0 Z dR0 Z dR00 tZ�1 e�(t0�t)'�0�0NG�a�b(ll0;R0R00; t; t0)�M�0�0�a�b (R0R00; t0)dt0;��t h^na(r)it = h _^na(r)itq +Xj;j0 tZ�1 e�(t0�t)'na;N (r; j; j0; t; t0)�b(j; j0; t0)dt0+Xb Z dr0 tZ�1 e�(t0�t)'nanb(r; r0; t; t0)��b(r0; t0)dt0+ (2.17)X�b X�0 Z dR0 tZ�1 e�(t0�t)'�0nan�b(r;R0; t; t0)���0�b (R0; t0)dt0+Xb Z dr0 tZ�1 e�(t0�t)'nadb(r; r0; t; t0)�e(r0; t0)dt0+X�a0�b X�0�0 Z dR0 Z dR00 tZ�1 e�(t0�t)'�0�0naG�a0�b(r;R0R00; t; t0)�M�0�0�a0�b (R0R00; t0)dt0;��th^n��a(R)it = h _^n��a(R)itq +Xj;j0 tZ�1 e�(t0�t)'n�a;N (R; j; j0; t; t0)�b(j; j0; t0)dt0+Xb Z dr0 tZ�1 e�(t0�t)'�n�anb(R; r0; t; t0)��b(r0; t0)dt0+ (2.18)
ICMP{00{20E 14X�b X�0 Z dR0 tZ�1 e�(t0�t)'��0n�an�b(R;R0; t; t0)���0�b (R0; t0)dt0+Xb Z dr0 tZ�1 e�(t0�t)'n�adb(r; r0; t; t0)�e(r0; t0)dt0+X�a0�b X�0�0 Z dR0 Z dR00 tZ�1 e�(t0�t)'�0�0n�aG�a0�b(r;R0R00; t; t0)�M�0�0�a0�b (R0R00; t0)dt0;��t h^da(r)it = h _^da(r)itq +Xj;j0 tZ�1 e�(t0�t)'da;N (r; j; j0; t; t0)�b(j; j0; t0)dt0+Xb Z dr0 tZ�1 e�(t0�t)'danb(r; r0; t; t0)��b(r0; t0)dt0+ (2.19)X�b X�0 Z dR0 tZ�1 e�(t0�t)'�0dan�b(r;R0; t; t0)���0�b (R0; t0)dt0+Xb Z dr0 tZ�1 e�(t0�t)'dadb(r; r0; t; t0)�e(r0; t0)dt0+X�a0�b X�0�0 Z dR0 Z dR00 tZ�1 e�(t0�t)'�0�0daG�a0�b(r;R0R00; t; t0)�M�0�0�a0�b (R0R00; t0)dt0;��t h ^G���a�b (R;R0)it = h _^G���a�b (R;R0)itq +Xj;j0 tZ�1 e�(t0�t)'G�a�b;N (RR0; j; j0; t; t0)�b(j; j0; t0)dt0+Xb0 Z dr0 tZ�1 e�(t0�t)'��G�a�bnb0 (RR0; r0; t; t0)��b0(r0; t0)dt0+ (2.20)



15 ðÒÅ�ÒÉÎÔX�b0 X�0 Z dR00 tZ�1 e�(t0�t)'���0G�a�bn�b0 (RR0;R00; t; t0)���0�b0 (R0; t0)dt0+Xb0 Z dr0 tZ�1 e�(t0�t)'G�a�bdb0 (RR0; r0; t; t0)�e(r0; t0)dt0+X�a0�b0 X�0�0 Z dR00 Z dR000 tZ�1 e�(t0�t)'���0�0G�a�bG�a0�b0 (RR0;R00R000; t; t0)�M�0�0�a0�b0 (R00R000; t0)dt0;where 'NN , 'nanb , '��0n�an�a , 'Nna , '�0Nn�a , '�0nan�a , 'dadb , '���0�0G�a�bG�a0�b are gen-eralized transport 
ores whi
h des
ribe dissipative pro
esses in the sys-tem. Transport 
ores are built in the generalized 
ows (2.15) and havethe following stru
ture:'BB0(t; t0) = Sp0�IB(t)T (t; t0) 1Z0 d���q (t0)IB0 (t0)�1��q (t0)1A ; (2.21)In parti
ular, the transport 
ore 'NN (ll0; jj0; t; t0) des
ribes dynami-
al dissipative interele
tron 
ows 
orrelations, 'nanb(r; r0; t; t0) des
ribesdynami
al 
orrelations of di�usion 
ows of gas atoms and, as it willbe shown below, is 
onne
ted with the nonuniform di�usion 
oeÆ
ientDab(r; r0; t) of gas atoms or mole
ules. Similarly, the transport 
ore'��0n�an�b(R;R0; t; t0) des
ribes dynami
al dissipative 
orrelations of di�u-sion 
ows of gas atoms in states � and �0 on a metal surfa
e and de-�nes nonuniform di�usion 
oeÆ
ient D��0�a�b (R;R0; t) of adsorbed atomson a metal surfa
e. Another transport 
ore des
ribes dynami
al dissipa-tive 
orrelations between generalized ele
tron 
ow IN (l; l0; t), gas atomsIna(r; t) and adsorbed atoms I�na(R; t). In parti
ular, transport 
ores'�n�anb(R; r0; t; t0), '�0nan�b(r;R; t; t0) des
ribe dissipative 
orrelations be-tween 
ows of gas atoms and adsorbed atoms and de�ne nonuniform 
o-eÆ
ients of mutual di�usion D�0a�b(r;R0; t) "gas atom - adsorbed atom".Study of these di�usion 
oeÆ
ients in adsorption pro
esses is very im-portant.'dadb(r; r0; t; t0) are responsible for the polarization e�e
ts inmole
ules whi
h are indu
ed by dynami
 ele
tri
 �eld of the metal sur-fa
e. Transport 
ores '��G�a�bp(RR0; t; t0) fp = N;n; �n; dg des
ribe dissipa-tive 
orrelations between 
ows and adsorbed atoms density, ele
trons,
ICMP{00{20E 16atoms, mole
ular 
ow densities, mole
ules polarization, and adsorbedatoms. '���0�0G�a�bG�a0�b(RR0;R00R000; t; t0) des
ribe di�usion - rea
tion pro
essesbetween adsorbed atoms on the metal surfa
e. They are higher memoryfun
tions with respe
t to dynami
al variables G���a�b . Cal
ulation of thesetransport 
ores 
onsists a well - known problem of nonequilibrium sta-tisti
al me
hani
s. Thus, we obtained generalized transport equations(2.16){(2.20) for one-ele
tron density matrix, average nonequilibriumdensities of adsorbed and nonadsorbed gas atoms for the 
onsistent studyof kineti
 ele
tron and atomi
 di�usion - rea
tion pro
esses in a system\metal - adsorbate - gas". It 
an be seen, these equations have nonlinearand nonuniform stru
ture, they 
an des
ribe both strongly and weaklynonequilibrium pro
esses. In further 
onsideration our prime interest willbe with the weakly nonequilibrium 
ase.3. Weakly nonequilibrium pro
essesIn su
h a 
ase one should suppose that one-ele
tron density matrixh ^Nll0it, average nonequilibrium densities of adsorbed and nonadsorbedgas atoms h^n��a(R)it, h^na(r)it and h^da(r)it, h ^G�;��a�b (R;R0)it 
orrespond-ingly, re
ipro
al thermodynami
 parameters b(l; l0; t), ���a(R; t), �a(r; t),e(r; t),M���a�b (R;R0; t) deviate slightly from their equilibrium values. Then one
an expand guasiequilibrium statisti
al operator (2.11) on deviations ofparameters b(l; l0; t), ���a(R; t), �a(r; t), e(r; t), M���a�b (R;R0; t) from theirequilibrium values b0(l; l0), ���a(R), �a(r), M���a�b (R;R0) and restri
t ourexpansion by the liner approximation. Then from (2.16)-(2.20) one ob-tains a transport equation in the linear approximation, using the Lapla
etransformation for time t > 0,h ^Aiz = i 1Z0 eizt ^A(t)dt; z = ! + i"; (3.1)zhÆ^pniz �Xj;j0 
pnN (j; j0; z)hÆ ^Nj;j0iz�Xb Z dr0
pnnb(r0; z)hÆ�nb(r0)iz� (3.2)X�b X�0 Z dR0
�0pnn�b(R0; z)hÆ�n�0�b (R0)iz�



17 ðÒÅ�ÒÉÎÔXb Z dr0
pndb(r0; z)hÆ�db(r0)iz�X�a�b X�0�0 Z dR00 Z dR000
�0�0pnG�a�b(R00;R000; z)hÆ �G�0�0�a�b (R00;R000)iz =hÆ^pnit=0;where Æ^pn = (Æ ^Nl;l0 ; Æ�na(r); Æ�n��a(R); Æ�da(r); Æ �G���a�b (R;R0)).Here Æ ^Nll0= ^Nll0 � h ^Nll0 i0, Æ�na(r)=�na(r) � h�na(r)i0,Æ�n��a(R)=�n��a(R)� h�n��a(R)i0, Æ�da(r) = �da(r)� h�da(r)i0,Æ �G���a�b (R;R0) = �G���a�b (R;R0) � h �G���a�b (R;R0)i0 where average values are
al
ulated with the use of equilibrium statisti
al operator�0 = Z�1 expf��(H �Xll0 b0(l; l0) ^Nll0� (3.3)Xa Z dr�a(r)^na(r)�X�a X� Z dR���a(R)^n��a(R)�X�a�b X�� Z dRdR0M�;��a�b (R;R0) ^G�;��a�b (R;R0))g;Z = Sp expf��(H �Xll0 b0(l; l0) ^Nll0� (3.4)Xa Z dr�a(r)^na(r)�Xa X� Z dR���a(R)^n��a(R))�X�a�b X�� Z dRdR0M�;��a�b (R;R0) ^G�;��a�b (R;R0)gis the grand partition sum of the system \metal - adsorbate - gas". �a(r),���a(R) are lo
al equilibrium values 
hemi
al potentials of nonadsorbedand adsorbed gas atoms. h: : :i0 = Sp(: : : �0). Ex
lusion of parameters�Æb(l; l0; t), �Æ�a(r; t),�Æ���a(R; t) and M�;��a�b (R;R0) in �q(t)0 with the help of self-
onsisten
y
onditions (2.12) results in appearing of 
orresponding orthogonal vari-ables �na(r) = ^na(r) �Xl;l0j;j0 h^na(r) ^Nll0 i0��1NN (l; l0; j; j0) ^Njj0 ;�n��a(R) = ^n��a(R)�Xl;l0j;j0 h^n��a(R) ^Nll0i0��1NN(l; l0; j; j0) ^Njj0�
ICMP{00{20E 18Xab Z dr Z dr0h^n��a(R)�na(r)i0[��1nn(rr0)℄ab�nb(r0)�da(r) = ^da(r)�Xl;l0j;j0 h^da(r) ^Nll0 i0��1NN (l; l0; j; j0) ^Njj0�Xa0b Z dr0 Z dr00h^da(r)�na0 (r0)i0[��1nn(r0r00)℄a0b�nb(r00)�X�a�b X�0�0 Z dR0 Z dR00h^da(r)�n�0�a R0)i0[��1nn(R0R00)℄�0�0�a�b �n�0�b (R00);�G���a�b (R;R0) = ^G���a�b (R;R0)�Xl;l0j;j0 h ^G���a�b (R;R0) ^Nll0i0��1NN(l; l0; j; j0) ^Njj0�Xa0b Z dr0 Z dr00h ^G���a�b (R;R0)�na0(r0)i0[��1nn(r0r00)℄a0b�nb(r00)�X�a0�b0 X�0�0 Z dR00 Z dR000h ^G���a�b (R;R0)�n�0�a0R00)i0[��1nn(R00R000)℄�0�0�a0�b0 �n�0b (R000)Xa0b Z dr0 Z dr00h ^G���a�b (R;R0)�da0(r0)i0[��1dd (r0r00)℄a0b�db(r00)Conditions of orthogonality for these variables are valid: h�na(r) ^Njj0 i0 =0, h�n��a(R) ^Njj0 i0 = 0, h�na(r)�n��a(R)i0 = 0, h�na(r)�da0(r0)i0 = 0,h�na(r) �G���a�b (R;R0)i0 = 0. Fun
tions��1NN (l; l0; j; j0), [��1nn(r; r0)℄ab � ���1nn(R;R0)����a�b are inversed to 
orre-sponding equilibrium 
orrelation fun
tions:�(ll0; jj0) = h ^Nll0 ^Njj0 i0; (3.5)for ele
tron and gas subsystems�ab(r; r0) = h�na(r)�nb(r0)i0; (3.6)



19 ðÒÅ�ÒÉÎÔ����a�b (R;R0) = h�n��a(R)�n��b (R0)i0 (3.7)and de�ned from 
orresponding integral relations [19℄.
AB(z) = i
AB � 'AB(z); (3.8)i
AB are normalized stati
 
orrelation fun
tions, they read:i
AB = h _^A ^Bi0��1BB ; (3.9)where ^B; ^A = n ^Nll0 ; �na(r); �n�a(R)o, �da0(r0), �G���a�b (R;R0), _^A = iLN ^A.'AB(t; t0) are normalized transport 
ores with the stru
ture like this�'AB(t; t0) = h�IAT0(t; t0)�IBi0��1AB ; (3.10)�IA; �IB = n�IN (l; l0); �Ia(r); �I��a (R)�Iad (r); �I��G�a�b(RR0)o :where T0(t; t0) = exp f�(t0 � t)(1�P0)iLNgis the evolution operator in the linear approximation;�IN (l; l0) = (1�P0) _^N ll0 ;�Ia(r) = (1�P0) _�na(r);�I��a (R) = (1�P0) _�n��a(R)�Iad (r) = (1�P0) _�da0(r0);�I��G�a�b(RR0) = (1�P0) _�G���a�b (R;R0)are generalized 
ows in the linear approximation, where Mori proje
tionoperator P0 has the following stru
tureP0(: : :) = h: : :i0 +Xl;l0j;j0 h: : : ^Nll0i0��1(l; l0; j; j0) ^Njj0+Xab Z dr Z dr0h: : : �na(r)i0[��1nn(r; r0)℄ab�nb(r0)+X�a�b X��0 Z dR Z dR0h: : : �n��a(R)i0 ���1nn(R;R0)���0�a�b �n�0�b (R0)+Xa0b Z dr0 Z dr00h: : : �da0(r0)i0[��1dd (r0r00)℄a0b�db(r00)+
ICMP{00{20E 20X�a�b X�a0�b0X��0 X��0 Z dR Z dR0 Z dR00 Z dR000h: : : �G��0�a�b (R;R0)i0[�GG(R;R0;R00;R000)℄��0��0�a�b�a0�b0 �G��0�a0�b0(R00;R000):Its operator properties are as usual: P0P0 = P0, P0(1 � P0) = 0,P0 ^Nll0 = ^Nll0 , P0�na(r) = �na(r), P0�n��a(R) = �n��a(R), P0�da(r) = �da(r),P0 �G��0�a�b (R;R0) = �G��0�a�b (R;R0).The set of transport equations for weakly nonequilibrium 
ase is lin-ear, 
losed and des
ribes kineti
 ele
tron and atomi
 di�usion - rea
tionpro
esses 
onsistently. Fun
tions i
AB (2.22) are stati
 
orrelation fun
-tions and 
an be expressed via the 
orresponding interparti
le potentialsof intera
tions and stru
tural equilibrium distribution fun
tions of ele
-trons and atoms of our system. �'AB(t; t0) are time 
orrelation fun
tionswhi
h are built on generalized 
ows and des
ribe dissipative pro
essesin a system. In parti
ular, �'NN (l; l0; j; j0; t; t0) des
ribe interele
tron dis-sipative pro
esses, �'aa(r; r0; t; t0), �'��0�a�a (R;R0; t; t0) des
ribe nonuniformdi�usion pro
esses of adsorbed and nonadsorbed gas atoms. All othersmemory fun
tions des
ribe 
ross dissipative 
orrelations of 
ows of ele
-trons and atoms in spatially inhomogeneous system \metal - adsorbate -gas". Set of transport equations (2.22) allows limiting 
ases. In parti
u-lar, if formally one negle
ts of di�usion - rea
tion pro
esses of adsorbedand nonadsorbed gas atoms, then ele
tron kineti
s in a system of metalsurfa
e is des
ribed by an equation for nonequilibrium one-ele
tron den-sity matrix. Using the propertis Æ^pn = Æ ^Nl;l0 in the (2.22), su
h anequation 
an be represented in a formzhÆ ^Nll0iz �Xj;j0 
NN (l; l0; j; j0; z)hÆ ^Nj;j0iz = hÆ ^Nll0it=0; (3.11)where 
NN (l; l0; j; j0; z) = i
NN(l; l0; j; j0)� �'NN (l; l0; j; j0; z)is the mass operator of an ele
tron subsystem. This set of equationsallows to de�ne elements of one-ele
tron density matrix h^a+f�� ^pl��0 it.Ele
tron tunnelling 
urrent between positions f and l on a metal sur-fa
e is then expressed via these elements. Another limiting 
ase 
an beobtained if one formally does not take into 
onsideration the ele
tron ki-neti
 pro
esses, whereas the intera
tion of adsorbed atoms and substrate
onsiders to be 
lassi
al only. Then the set (2.22) transfers to a set ofnonuniform di�usion - rea
tion equations of adsorbed and nonadsorbed



21 ðÒÅ�ÒÉÎÔgas atoms:��thÆ^na(r)it = �Xb Z dr0 tZ�1 e�(t0�t) ��rDab(r; r0; t; t0)��r0 hÆ^nb(r0)it0dt0+X�b X�0 Z dR0 tZ�1 e�(t0�t) ��rD�0a�b(r;R0; t; t0) (3.12)��R0 hÆ�n�0�b (R0)it0dt0�+X�a�b X�0�0 Z dR00 Z dR000 tZ�1 e�(t0�t) ��rK�0�0naG�a�b(r;R00;R000; t; t0)hÆ �G�0�0�a�b (R00;R000)it0dt0;��t hÆ�n��a(R)it = �X�b X�0 Z dR0 ��RD��0�a�b (R;R0; t; t0)��R0 hÆ�n�0�b (R0)it0dt0�Xb Z dr0 ��RD��ab(R; r0; t; t0) (3.13)��r0 hÆ^nb(r)it0dt0++X�a0�b X�0�0 Z dR00 Z dR000 tZ�1 e�(t0�t) ��RK�;�0�0n�aG�a0�b(R;R00;R000; t; t0)hÆ �G�0�0�a0�b (R00;R000)it0dt0;��t hÆ �G���a�b (R;R0)it =Xb Z dr0 tZ�1 e�(t0�t)K��G�a�bnb(R;R0; r0; t; t0)��r0 hÆ^nb(r0)it0dt0

ICMP{00{20E 22+X�b0 X�0 Z dR00 tZ�1 e�(t0�t)K��;�0G�a�bn�b0 (R;R0;R00; t; t0) (3.14)��R0 hÆ�n�0�b0 (R00)it0dt0�X�a0�b0 X�0�0 Z dR00 Z dR000 tZ�1 e�(t0�t)K��;�0�0G�a�bG�a0�b0 (R;R0;R00;R000; t; t0)hÆ �G�0�0�a0�b (R00;R000)it0dt0;where�n��a(R) = ^n��a(R)�Xab Z drdr0h^n��a(R)^na(r)i0[��1nn ℄ab(r; r0)^nb(r0)�G���a�b (R;R0) = ^G���a�b (R;R0)�Xa0b Z dr0 Z dr00h ^G���a�b (R;R0)^na0(r0)i0[��1nn(r0r00)℄a0b^nb(r00)�X�a0�b0 X�0�0 Z dR00 Z dR000h ^G���a�b (R;R0)�n�0�a0 (R00)i0[��1nn(R00R000)℄�0�0�a0�b0 �n�0�b (R000)and Daa(r; r0; t; t0), D�0a�a(r;R0; t; t0), D��aa(R; r0; t; t0),D��0�a�a (R;R0; t; t0) are generalized nonuniform di�usion 
oeÆ
ients of non-adsorbed and adsorbed gas atoms on metal surfa
e. In parti
ular, 
oef-�
ient Dab(r; r0; t; t0) reads:Dab(r; r0; t; t0) =Xb0 Z dr00h(1�P0)^Ia(r)T0(t; t0)(1�P0)^Ib0(r00)i0 (3.15)[��1nn(r00; r0)℄b0b;^Ia(r) = 1ma ^pa(r) is the density of a gas atoms 
ow. Fun
tions[��1nn(r00; r0)℄ab are de�ned from the integral equationXb0 Z dr00�ab0(r; r00)[��1nn(r00; r0)℄b0b = Æ(r� r0)Æab;where �ab(r; r0) = h^na(r)^nb(r0)i0



23 ðÒÅ�ÒÉÎÔis the equilibrium pair distribution of gas atoms. Then, from the integralequation like above one 
an obtain the relation:[��1nn(r00; r0)℄ab = Æ(r� r0)h^na(r0)i0 Æab � 
ab2 (r; r0);h^na(r0)i0 is unary distribution fun
tion, whereas 
ab2 (r; r0) is dire
t dis-tribution fun
tion of gas atoms. Di�usion 
oeÆ
ients D�0a�a(r;R0; t; t0),D��aa(R; r0; t; t0), D��0�a�a (R;R0; t; t0) have stru
ture similar to Daa and area generalization of Green-Kubo formulae for di�usion in spatially inho-mogeneous systems. Their 
al
ulations depend on pro
esses under 
on-sideration: long-time or short-time.Transport 
ore K��G�a�bnb(R;R0; r0; t; t0);K�;�0�0n�aG�a0�b(R;R00;R000; t; t0);K��;�0�0G�a�bG�a0�b0 (R;R0;R00;R000; t; t0)are higher memory fun
tions and des
ribe du�usion - rea
tion pro
essesun the system.They have the following stru
ture:K��G�a�bnb(R;R0; r0; t; t0) = (3.16)Xb0 Z dr00h�I��G�a�b(R;R0)T0(t; t0)�Ib0 (r00)i0[��1nn(r00; r0)℄b0b;K�;��0G�a�bn0�a(R;R0;R00; t; t0) = (3.17)X�0�b0 Z dR000h�I��G�a�b(R;R0)T0(t; t0)�I�0�b0 (R000)i0[��1nn(R000;R00)℄�;��b0�a0 ;K�;��0�0G�a�bG�a0�b0 (R;R0;R00;R000; t; t0) = (3.18)X

0 X�
�
0 Z dR4 Z dR5h�I��G�a�b(R;R0)T0(t; t0)�I

0G�
�
0 (R4;R5)i0[��1GG(R4;R5R00;R000)℄

0�0;�0�
�
0�a0�b0 ;where [��1GG(R4;R5R00;R000)℄

0�0;�0�
�
0�a0�b0 are the elements of inverse matri
e(
an be found with the help of integral relations of type (2.32)) to the
ICMP{00{20E 24matri
es, the elements of whi
h are the equilibrium quantum 
orrelationfun
tions�

0�0;�0�
�
0�a0�b0 (R4;R5R00;R000) = h �G

0�
�
0 (R4;R5)G�0�0�a0�b0 (R00;R000)i0 (3.19)for the adsorbed atoms in 
orresponding states on the metal surfa
e.Correlation fun
tions (3.26)-(3.28) are expressed via the four- three-two- and one- pari
le quantum distribution fun
tions. Problems of thier
al
ulation is one of the most important in equilibrium statisti
al me-
hani
s. For our 
ase an additional 
ompli
ation arises due to the 
om-plexity of \metal - adsorbate - gas" system. The mentioned above 
orre-lation fun
tions 
an be 
al
ulated as the fun
tional derivatives of equi-librium Massie - Plan
k fun
tional value, i.e. grand statisti
al sum:� = lnZ. In parti
ular, the equilibrium 
orrelation fun
tions (3.26) -(3.28), (3.40) are expressed via the equilibrium fun
tions:h^na(r)^nb(r0)i0; h ^Nll0 ^Njj0 i0;h^n��a(R)^n��b (R0)i0; h ^G

0�
�
0 (R4;R5) ^G�0�0�a0�b0 (R00;R000)i0h^na(r)^n��b (R0)i0; h ^G

0�
�
0 (R4;R5)^n��b (R0)i0;whi
h are 
al
ulated for the equilibrium statisti
al operator �0 (3.24). Asit follows from its stru
ture, the averages, given above, 
an be expressedvia the Massie - Plan
k fun
tional:h^na(r)^nb(r0)i0 = Æ2Æ�a(r)Æ�b(r0) lnZ � ÆÆ�a(r) lnZ ÆÆ�b(r0) lnZ;h^n��a(R)^n��b (R0)i0 = Æ2Æ���a(R)Æ���b(R0) lnZ�ÆÆ���a(R) lnZ ÆÆ���b (R0) lnZ;h ^G

0�
�
0 (R4;R5) ^G�0�0�a0�b0 (R00;R000)i0 =Æ2ÆM

0�
�
0 (R4;R5)ÆM�0�0�a0�b0 (R00;R000) lnZ�ÆÆÆM

0�
�
0 (R4;R5) lnZ ÆÆM�0�0�a0�b0 (R00;R000) lnZ;h ^Nll0 ^Njj0 i0 = Æ2Æb0(ll0)Æb0(jj0) lnZ � ÆÆb0(ll0) lnZ ÆÆb0(jj0) lnZ:



25 ðÒÅ�ÒÉÎÔOther 
ross equilibrium fun
tion 
an be obtained from lnZ in the sameway. So, the lnZ, or grand statisti
al sum (3.25) should be 
al
ulated forthe \metal - adsorbate - gas" system. This 
al
ulation depends mu
h onthe 
hoi
e of the statisti
al model and 
an be performed with the help of
olle
tive variables method [25℄, whi
h takes into a

ount the s
reeninge�e
ts.Thus, using the NSO method by D.N.Zubarev, we have obtained gen-eralized transport equations of 
onsistent des
ription of kineti
 ele
tronand di�usion- rea
tion atomi
 pro
esses in a system \metal-adsorbate-gas". These equations are valid for both strongly and weakly nonequi-librium pro
esses. They 
an be used for the 
al
ulation of one-ele
trondensity matrix and, in su
h a way, for ele
tron 
urrents and nonuni-form di�usion and 
hemi
al rea
tions 
oeÆ
ients of adsorbed and non-adsorbed gas atoms on a metal surfa
e. This is very important for theinvestigation of surfa
e phenomena, in parti
ular, in ele
tron tunnellings
anning and in 
atalysis pro
esses. It is important to take into 
onsid-eration phonon os
illations of substrate atoms and study their a�e
tionon ele
tron tunnelling pro
esses and di�usion - rea
tion pro
esses of ad-sorbed atoms.It is important to role of lo
al magneti
 �eld, or, more generally,of ele
tromagneti
 �eld of ele
tron - ion metal surfa
e subsystem. Su
hmagneti
 feilds e�e
t on ion, ele
tron spin subsystems, and thus 
an in-du
e lo
al magnetization phenomenon, whi
h together with polarizationphenomenon 
ause the re
onstru
tion of surfa
e, in
reasing its 
atalyti
a
tivity. Certainly, these ele
tromagneti
 pro
esses should be taken intoa

ount in 
atalyti
 syntesis on nanostru
ture.A 
onsideration of these problems in our approa
h will be the subje
tof our future work.Finan
ial support of this work by INTAS proje
t UA 95-0186 isgreatly a
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