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1 PreliminariesThe 
on�guration spa
e � := �Rd over Rd , d 2 N, is de�ned as the set of alllo
ally �nite subsets of Rd ,� := �
 � Rd : j
�j <1 for every 
ompa
t � � Rd	 ; (1.1)where j�j denotes the 
ardinality of a set and 
� := 
 \ �. As usual we identifyea
h 
 2 � with the non-negative Radon measure Px2
 Æx 2M(Rd ), where Æxis the Dira
 measure with unit mass at x, Px2? Æx is, by de�nition, the zeromeasure, and M(Rd) denotes the spa
e of all non-negative Radon measureson the Borel �-algebra B(Rd). This identi�
ation allows to endow � with thetopology indu
ed by the vague topology on M(Rd ), i.e., the weakest topologyon � with respe
t to whi
h all mappings� 3 
 7�! hf; 
i := ZRd f(x)d
(x) =Xx2
 f(x); f 2 C0(Rd );are 
ontinuous. Here C0(Rd ) denotes the set of all 
ontinuous fun
tions on Rdwith 
ompa
t support. We denote by B(�) the 
orresponding Borel �-algebraon �.Let us now 
onsider the spa
e of �nite 
on�gurations�0 := 1Gn=0�(n);where �(n) := �(n)Rd := f
 2 � : j
j = ng for n 2 N and �(0) := f?g. For n 2 N,there is a natural bije
tion between the spa
e �(n) and the symmetrization(̂Rd )n�Sn of the set (̂Rd)n := f(x1; :::; xn) 2 (Rd )n : xi 6= xj if i 6= jg underthe permutation group Sn over f1; :::; ng a
ting on (̂Rd )n by permuting the
oordinate indexes. This bije
tion indu
es a metrizable topology on �(n), andwe endow �0 with the topology of disjoint union of topologi
al spa
es. ByB(�(n)) and B(�0) we denote the 
orresponding Borel �-algebras on �(n) and�0, respe
tively.Given a 
onstant z > 0, let �z be the Lebesgue-Poisson measure�z := 1Xn=0 znn!m(n);where ea
h m(n), n 2 N, is the image measure on �(n) of the produ
t measuredx1:::dxn under the mapping (̂Rd)n 3 (x1; :::; xn) 7! fx1; :::; xng 2 �(n). Forn = 0 we set m(0)(f?g) := 1.We pro
eed to 
onsider the K-transform [8℄, [9℄, [10℄, [4℄, that is, a mappingwhi
h maps fun
tions de�ned on �0 into fun
tions de�ned on the spa
e �. LetB
(Rd ) denote the set of all bounded Borel sets in Rd , and for any � 2 B
(Rd )2



let �� := f� 2 � : � � �g. Evidently �� = F1n=0 �(n)� , where �(n)� := �� \ �(n)for ea
h n 2 N0 , leading to a situation similar to the one for �0, des
ribed above.We endow �� with the topology of the disjoint union of topologi
al spa
es andwith the 
orresponding Borel �-algebra B(��).Given a B(�0)-measurable fun
tion G with lo
al support, that is, G��0n��� 0for some � 2 B
(Rd), the K-transform of G is a mapping KG : �! R de�nedat ea
h 
 2 � by (KG)(
) := X�b
G(�); (1.2)where � b 
 means that � � 
 and j�j <1. Note that for every su
h fun
tion Gthe sum in (1.2) has only a �nite number of summands di�erent from zero, andthus KG is a well-de�ned fun
tion on �. Moreover, if G has support des
ribedas before, then the restri
tion (KG) ��� is a B(��)-measurable fun
tion and(KG)(
) = (KG)���(
�) for all 
 2 �, i.e., KG is a 
ylinder fun
tion.Let now G be a bounded B(�0)-measurable fun
tion with bounded support,that is, G��0n�FNn=0 �(n)� �� 0 for some N 2 N0 ;� 2 B
(Rd ). In this situation,for ea
h C � jGj one �nds j(KG)(
)j � C(1 + j
�j)N for all 
 2 �. As aresult, besides the 
ylindri
ity property, KG is also polynomially bounded. Inthe sequel we denote the spa
e of all bounded B(�0)-measurable fun
tions withbounded support by Bbs(�0). It has been shown in [4℄ that the K-transform isa linear isomorphism whose inverse mapping is de�ned on 
ylinder fun
tions by�K�1F � (�) :=X���(�1)j�n�jF (�); � 2 �0: (1.3)Note that as mapping K�1 is well-de�ned on the set of measurable fun
tions.2 The des
ription of problem and main results2.1 Basi
 fa
ts and notationsTwo-
omponent 
onta
t pro
ess in Rd des
ribes a birth-and-death sto
hasti
dynami
s of a in�nite system of two type parti
les. Su
h system may be inter-preted as pair of 
on�gurations in Rd as well as one 
on�guration of markedparti
les that means that ea
h parti
le has mark (spin) +1 or �1. The �rstinterpretation sometimes is more useful but we should additionally assume thatthese two 
on�gurations don't intera
t.Let us give the rigorous de�nitions. Consider two 
opies of the spa
e �: �+and ��. Let �2 := n(
+; 
�) 2 �+ � �� : 
+ \ 
� = ?o: (2.1)Any 
on�guration 
 := (
+; 
�) 2 �2 may be identi�ed with marked 
on�gu-ration 
̂ = �(x; �x) : x 2 
+ [ 
�; �x = 11x2
+ � 11x2
�	 2 �̂;3



sin
e 
+ t 
� 2 �. Here �̂ is the spa
e of all marked 
on�gurations in Rd withmarks equal to �1. One 
an indu
e topology on �2 from the weakest topologyon �̂ su
h that all fun
tions�̂ 3 
̂ 7�! X(x;�x)2
̂ f̂((x; �x)) 2 Rare 
ontinuous for all f̂ 2 C0(Rd � f�1; 1g). Clearly, in this indu
ed topologyon �2 all fun
tions�2 3 
 = (
+; 
�) 7�! Xx2
+ f(x) + Xy2
� g(y) 2 Rwill be 
ontinuous for any f; g 2 C0(Rd).On the other hand this topology may be indu
ed from the topology onprodu
t �+���. Let B(�2) := B(�+)�B(��) be the 
orresponding �-algebra.Let us now 
onsider the spa
e of �nite 
on�gurations. Consider two 
opiesof the spa
e �0: �+0 and ��0 . Let�20 := n(�+; ��) 2 �+0 � ��0 : �+ \ �� = ?o: (2.2)Again one 
an 
onsider the topology on �20 indu
ed by the produ
t-topology.By B(�20) := B(�+0 )�B(��0 ) we denote the 
orresponding �-algebra.We will say that a fun
tion G : �20 ! R is a bounded fun
tion with boundedsupport if for any (�+; ��) 2 �20G(�; ��) 2 Bbs(�+0 ); G(�+; �) 2 Bbs(��0 ):Class of all su
h fun
tions we denote by Bbs(�20).For any G 2 Bbs(�20) one 
an de�ne the K-transform of G as mappingKG : �2 ! R de�ned at ea
h 
 = (
+; 
�) 2 �2 by(KG)(
) = X�+b
+��b
�G(�+; ��): (2.3)On the other hand if 11� are unit operators on fun
tions on ��0 and K+ :=K 
 11�, K� := 11+ 
K thenK = K+K� = K�K+:Hen
e, KG <1 and KG is 
ylinder fun
tion on both variables.Moreover, KG is polynomially bounded: for the proper C > 0, � 2 B
(Rd ),N 2 N j(KG)(
)j � C(1 + j
+� j)N (1 + j
�� j)N :The inverse mapping is given on 
ylinder (on both variables) fun
tions by(K�1F )(�) := X�+��+�����(�1)j�+n�+j+j��n��jF (�+; ��); � = (�+; ��) 2 �20 (2.4)4



and again this formula has sense for any measurable fun
tion F .Let � be a probability measure on ��2;B��2�� (we denote 
lass of the allsu
h measures by M1��2�). The fun
tion k� : �20 ! R is 
alled a 
orrelationfun
tion of the measure � if for any G 2 Bbs(�20)Z�2(KG)(
)d�(
) = Z�20 G(�+; ��)k�(�+; ��)d�1(�+)d�1(��): (2.5)2.2 Des
ription of modelLet us 
onsider the generator L of two-
omponent 
onta
t pro
ess with oneindependent 
omponent. The detailed explanation and interpretation of su
hpro
esses 
an be found in [2℄. This generator is well-de�ned at least on 
ylindri
fun
tions on �2 and has the following form:L = L+CM + L�CM + L+int: (2.6)Here L+CM is the generator of the one-
omponent 
onta
t model of (+)-system(see [7℄), L�CM is the analogous generator of (�)-system, L+int is intera
tion termthat des
ribes birth of (+)-parti
les under in
uen
e of (�)-parti
les. Therefore,birth of (+)-parti
les is by the in
uen
e of two types of parti
les, birth of (�)-parti
les is by the in
uen
e of parti
les of the same type; the death of all parti
lesis independent. Namely,�L+CMF � (
+; 
�) = Xx2
+ �F �
+ n x; 
��� F (
+; 
�)�+ �+ ZRd0� Xx02
+ a+ (x� x0)1A�F �
+ [ x; 
��� F (
+; 
�)� dx;�L�CMF � (
+; 
�) = Xy2
� �F �
+; 
� n y�� F (
+; 
�)�+ �� ZRd0� Xy02
� a� (y � y0)1A�F �
+; 
� [ y�� F (
+; 
�)� dy;�L+intF � (
+; 
�) = � ZRd0�Xy2
� a (x� y)1A�F �
+ [ x; 
��� F (
+; 
�)� dx:Constants �+; ��; � are positive, fun
tions a+; a�; a are non-negative, even,integrable and normalized: ha+i = ha�i = hai = 1:Here and in the sequel we use the following notationhfi := ZRd f(x)dx; f 2 L1(Rd ):5



We also denote the Fourier transform of su
h f as f̂ :f̂(p) = ZRd e�i(p;x)f(x)dx;where (�; �) is a s
alar produ
t in Rd .Next theorem is the partial 
ase of the results obtained in [2℄.Theorem 2.1. Let d � 2 and there exists 
onstants A > 0; Æ > 2d su
h thata+(x) + a�(x) + a(x) � A(1 + jxj)Æ : (2.7)Then there exists a Markov pro
ess Xt on �2 with generator L.We will always suppose also thatâ; â+; â� 2 L1(Rd ): (2.8)Hen
e, one has sto
hasti
 dynami
s of 
on�gurations that implies dynami
sof measures, namely M1��2� 3 �0 7! �t 2 M1��2� su
h that for any measur-able bounded fun
tion F : �2 ! RZ�2 F (
)d�t(
) := E"Z�2 F (X
t )d�0(
)#;where pro
ess X
t starts from 
 2 �2 (more pre
isely, 
 belongs to propersupport set, see [2℄).This dynami
s of measures implies dynami
s of 
orresponding 
orrelationfun
tions (if they exist). For obtain expli
it di�erential equations for this dy-nami
s we should 
al
ulate so-
alled des
ent operator L̂ whi
h de�ned on fun
-tions G 2 Bbs(�20) by�L̂G�(�) = �(K�1LK)G�(�); � 2 �20: (2.9)Next we should obtain the adjoint operator L̂� (with respe
t to measure d�1d�1):Z�20 L̂G(�+; ��)k(�+; ��)d�1(�+)d�1(��)= Z�20 G(�+; ��)L̂�k(�+; ��)d�1(�+)d�1(��): (2.10)Then equations for time evolution of 
orrelation fun
tion will be following:�kt(�+; ��)�t = �L̂�kt�(�+; ��): (2.11)6



In the present arti
le we 
on
entrate our attention on the 
orrelation fun
-tions of the �rst and se
ond orders:k+t (x) := kt(fxg;?); x 2 Rd ;k�t (y) := kt(?; fyg); y 2 Rd ;k++t (x1; x2) := kt(fx1; x2g;?); x1; x2 2 Rd ;k+�t (x; y) := kt(fxg; fyg); x; y 2 Rd ;k��t (y1; y2) := kt(?; fy1; y2g); y1; y2 2 Rd : (2.12)The main subje
t for our studying will be expli
it expression for 
orrelationfun
tions of the �rst and se
ond orders and their asymptoti
s at t!1.2.3 Problems and resultsIn this subse
tion we state main problems and formulate results. All proofs arepresented in the next se
tion.First two results give expli
it forms of the equation (2.11) for the �rst andse
ond order 
orrelation fun
tions (2.12).Proposition 2.1. For any x; y 2 Rd�k�t (y)�t = �k�t (y) + �� ZRd a�(y � y0)k�t (y0)dy0;�k+t (x)�t = �k+t (x) + �+ ZRd a+(x� x0)k+t (x0)dx0 + � ZRd a(x� y)k�t (y)dyProposition 2.2. For any x; y; x1; x2; y1; y2 2 Rd�k��t (y1; y2)�t = �� ZRd a�(y2 � y0)k��t (y1; y0)dy0 + �� ZRd a�(y1 � y0)k��t (y2; y0)dy0� 2k��t (y1; y2) + ��a�(y1 � y2)[k�t (y1) + k�t (y2)℄;�k+�t (x; y)�t = �+ ZRd a+(x� x0)k+�t (x0; y)dx0 + �� ZRd a�(y � y0)k+�t (x; y0)dy0� 2k+�t (x; y) + �a(x� y)k�t (y) + � ZRd a(x� y0)k��t (y; y0)dy0;�k++t (x1; x2)�t = �+ ZRd a+(x1 � x0)k++t (x2; x0)dx0 + �+ ZRd a+(x2 � x0)k++t (x1; x0)dx0� 2k++t (x1; x2) + �+a+(x1 � x2)[k+t (x1) + k+t (x2)℄+ � ZRd a(x1 � y)k+�t (x2; y)dy + � ZRd a(x2 � y)k+�t (x1; y)dy:Obviously, equations for (�)-system are independent. Re
all that su
h equa-tions were studied in [5℄.Let us formulate the main problem for the �rst order 
orrelation fun
tions.7



Problem 1. We should to study the asymptoti
 properties of the solutions ofequations from Proposition 2.1 under following initial 
onditions:k+0 (x) = 
+ +  +(x) � 0; k�0 (y) = 
� +  �(y) � �� > 0; (2.13)where 
onstants 
+; 
� are positive, fun
tions  +;  � and their Fourier trans-forms  ̂+;  ̂� are integrable on Rd .Expli
it expressions for solutions are in the next se
tion. The answer of theProblem 1 may be found in the next theorem.Theorem 2.2. Let d � 3 and (2.7), (2.8) hold. The �rst 
orrelation fun
tionshave the following asymptoti
s at t!1:1) for any y 2 Rdk�t (y)! � 0; if �� < 11; if �� > 1 ;and in the 
ase �� = 1 k�t (y)! 
�;2) for any x 2 Rdk+t (x)! � 0; if maxf�+; ��g < 11; if minf�+; ��g � 1 ;next, in the 
ase 1 = �+ > ��k+t (x)! 
+ + �
�1� �� ;and in the 
ase �+ < �� = 1 k+t (x)! �
�1� �+ :Let us dis
uss this result. Of 
ourse, �rst part about the independent (�)-system is the same as in [5, 7℄. It state that �� = 1 is 
riti
al value; below ofthis value (�)-system will degenerate at in�nity, above of this value (�)-systemwill grow (exponentially, see next se
tion for details). At this 
riti
al value(�)-system 
ontinues to be stable.(+)-system 
onsists of two parts: independent 
onta
t and in
uen
e from theside of (�)-system. If maxf�+; ��g < 1 it means that independent part of (+)-system is sub-
riti
al (and should disappear at in�nity) and additionally it hasin
uen
e of disappearing (�)-system; naturally, su
h (+)-system will disappear.If minf�+; ��g � 1 it means that growing or stable independent part of (+)-system has in
uen
e by stable or growing (�)-system, hen
e, (+)-system willgrow.Let us 
on
entrate our attention on two other 
ases. If �+ = 1; �� < 1 itmeans that independent part of (+)-system is stable and has in
uen
e by degen-erating (�)-system. As a result, (+)-system will keep stability property but the8



limiting value will have the initial value of (�)-system whi
h will disappearingat in�nity. Hen
e, (+)-system will have memory about vanished (�)-system.If �+ < 1; �� = 1 it means that degenerating independent part of (+)-systemhas in
uen
e by stable (�)-system. In result, (+)-system will stop disappearingand be
ome stable. But \fare" for this will be absen
e of the initial value of(+)-system in limit. Therefore, (+)-system \will lost memory" about its originand \remember" only about origin of \donor".In studying asymptoti
s of the se
ond 
orrelation fun
tions we 
on
entrateour attention only on this two 
ases when (+)-system will be stable. For sim-pli
ity of 
omputations we 
onsider translation invariant 
ase only: + =  � � 0: (2.14)Problem 2. We should to study the asymptoti
 properties of the solutions ofequations from Proposition 2.2 under following initial 
onditions:k++0 (x1; x2) = 
++ + '++(x1 � x2) � 0;k+�0 (x; y) = 
+� + '+�(x� y) � 0;k��0 (y1; y2) = 
�� + '��(y1 � y2) � 0; (2.15)where 
��; 
+�; 
++ are positive 
onstants and and fun
tions '��; '+�; '++are even fun
tions whi
h are integrable on Rd together with their Fourier trans-forms '̂��; '̂+�; '̂++.Expli
it expressions for solutions are also in the next se
tion. The answer ofthe Problem 2 may be found in the next theorem.Theorem 2.3. Let d � 3 and (2.7), (2.8), (2.14) hold. The se
ond 
orrelationfun
tions have the following asymptoti
s at t!1:1) let �+ = 1; 0 < �� < 1, then for any x; y; x1; x2; y1; y2 2 Rd8>>><>>>: k��t (y1; y2)! 0;k+�t (x; y)! 0;k++t (x1; x2)! �
++ � 2�
+��� � 1 + �2
��(�� � 1)2�+
++(x1 � x2) <1;2) let �� = 1; 0 < �+ < 1, then for any x; y; x1; x2; y1; y2 2 Rd8>>>>><>>>>>: k��t (y1; y2)! 
�� +���(y1 � y2) <1;k+�t (x; y)! �
��1� �+ +�+�(x� y) <1;k++t (x1; x2)! �2
��(1� �+)2 +�++(x1 � x2) <1;here fun
tions ���;�+�;�++ depend on initial value 
� only and fun
tion 
++depends on initial value 
+ only (of 
ourse, they also depend on �; ��; a; a�).9



The expli
it expressions for limits will be presented in the next se
tion.As we see, the situation with \memory" whi
h we had for the �rst 
orrelationfun
tions is the same for the se
ond one: in the �rst 
ase (+)-system will obtainadditional memory about vanished (�)-system; in the se
ond 
ase (+)-systemwill have memory about (�)-system only.Remark 2.1. Note that if 
++ = (
+)2, 
+� = 
+
�, 
�� = (
�)2 then theprevious theorems show, in fa
t, that there exist �nite limits of so-
alled se
ondorder Ursell fun
tions k++t � (k+t )2, k+�t � k+t k�t , k��t � (k�t )2.3 ProofsIn this se
tion we present proofs of all our results.3.1 Equations for time evolution of the 
orrelation fun
-tionsFirst of all we show how to obtain the equations from the Propositions 2.1 and2.2. We start from the expli
it form of the des
ent operator L̂.Proposition 3.1. Let G 2 Bbs(�20). Then for any � = (�+; ��) 2 �20�L̂G� (�+; ��) = � ����+��+ �������G(�+; ��)+ �+ ZRdG ��+ [ x; ���0� Xx02�+ a+ (x� x0)1A dx+ �+ ZRd Xx02�+G ��+ n x0 [ x; ���a+ (x� x0) dx+ �� ZRdG ��+; �� [ y�0� Xy02�� a� (y � y0)1A dy+ �� ZRd Xy02��G(�+; �� n y0 [ y)a� (y � y0) dy+ � ZRdG ��+ [ x; ���0� Xy02�� a (x� y0)1A dx+ � ZRd Xy02��G ��+ [ x; �� n y0� a (x� y0) dx
10



Proof. Let us denote death and birth parts of the operator L+CM by(L+d F )(
+; 
�) := Xx2
+ �F �
+ n x; 
��� F (
+; 
�)� ;(L+b F )(
+; 
�) := �+ ZRd0� Xx02
+ a+ (x� x0)1A�F �
+ [ x; 
��� F (
+; 
�)� dx:In the same way we denote death and birth parts of the operator L�CM: L�CM =L�d + L�b . As a result, L = L+d + L+b + L�d + L�b + L+int:Now we 
al
ulate pre-image under K-transform of all this operators. Onehas for any � = (�+; ��) 2 �20�L̂+b G� (�) = �K�1L+b KG� (�)= X�+��+(�1)j�+n�+j X�����(�1)j��n��j�+ ZRd Xx02�+ a+(x� x0)�0� X�+��+[x X�����G(�+; ��)� X�+��+ X�����G(�+; ��)1A dx= �+ ZRd Xx02�+G ��+ [ x; ��� a+ (x� x0) dx+ �+ ZRd Xx02�+G ��+ n x0 [ x; ��� a+ (x� x0) dx;analogously, we have that�L̂�b G� (�+; ��) = �� ZRd Xy02��G ��+; �� [ y�a� (y � y0) dy+ �� ZRd Xy02��G ��+; �� n y0 [ y� a� (y � y0) dy:Next,�L̂+intG� (�) = �K�1L+intKG� (�)= X�+��+(�1)j�+n�+j X�����(�1)j��n��j� ZRd Xy2�� a(x� y)�0� X�+��+[x X�����G(�+; ��)� X�+��+ X�����G(�+; ��)1A dx11



= � ZRd Xy02��G ��+ [ x; ��� a (x� y0) dx+ � ZRd Xy02��G ��+ [ x; �� n y0�a (x� y0) dx:Finally,�L̂�d G� (�) = �K�1L�d KG� (�)= X�+��+(�1)j�+n�+j X�����(�1)j��n��j� Xy2��0� X�+��+ X�����nyG(�+; ��)� X�+��+ X�����G(�+; ��)1A= � ������G(�+; ��);and, analogously, �L̂+d G� (�+; ��) = � ���+��G(�+; ��):The statement is proved.Now we should 
al
ulate the adjoint operator L̂�.Proposition 3.2. The adjoint operator L̂� has the following form:�L̂�k� (�+; ��) = � ����+��+ ������� k(�+; ��)+ �+ Xx2�+ Xx02�+nx a+(x� x0)k ��+ n x; ���+ �+ Xx2�+ ZRd a+(x� x0)k ��+ n x [ x0; ��� dx0+ �� Xy2�� Xy02��ny a�(y � y0)k ��+; �� n y�+ �� Xy2�� ZRd a�(y � y0)k ��+; �� n y [ y0� dy0+ � Xx2�+ Xy2�� a(x� y)k(�+ n x; ��)+ � Xx2�+ ZRd a(x� y)k ��+ n x; �� [ y� dy
12



Proof. We may use the following 
orollaries of the 
lassi
al Me
ke formula (see,e.g., [11℄):Z�20 Xx2�+ h+(x; �+; ��)d�1(�+)d�1(��)= Z�20 ZRd h+(x; �+ [ x; ��)dxd�1(�+)d�1(��);Z�20 Xy2�� h�(y; �+; ��)d�1(�+)d�1(��)= Z�20 ZRd h�(y; �+; �� [ y)dyd�1(�+)d�1(��);Z�20 Xx2�+ Xy2�� h(x; �+; ��)d�1(�+)d�1(��)= Z�20 ZRd ZRd h(x; �+ [ x; �� [ y)dxdyd�1(�+)d�1(��):Then one 
an obtain the expli
it formula for the operator L̂� dire
tly fromde�nition (2.10).As a result, the statements of the Propositions 2.1 and 2.2 are dire
tly followfrom the Proposition 3.2 and (2.11){(2.12).3.2 Solution of the equations for time evolution of the
orrelation fun
tionsTo solve the equations from the Propositions 2.1 and 2.2 using 
lassi
al pertur-bation method we rewrite these equations in the following forms:�k�t (y)�t = (�� � 1)k�t (y) + ��(L�k�t )(y); (3.1)�k+t (x)�t = (�+ � 1)k+t (x) + �+(L+k+t )(x) + � ZRd a(x� y)k�t (y)dy; (3.2)where Markov-type generators L� are de�ned on fun
tions on Rd by(L�f)(y) = ZRd a�(y � y0)[f(y0)� f(y)℄dy0;(L+f)(x) = ZRd a+(x � x0)[f(x0)� f(x)℄dx0;
13



and for the se
ond order 
orrelation fun
tions:�k��t (y1; y2)�t = 2k��t (y1; y2)(�� � 1) + ��(L��1 k��t )(y1; y2)+ ��(L��2 k��t )(y1; y2) + ��a�(y1 � y2)[k�t (y1) + k�t (y2)℄;(3.3)�k+�t (x; y)�t = (�+ + �� � 2)k+�t (x; y) + �+L+�1 k+�t (x; y) + ��L+�2 k+�t (x; y)+ �a(x� y)k�t (y) + � ZRd a(x� y0)k��t (y; y0)dy0; (3.4)�k++t (x1; x2)�t = 2k++t (x1; x2)(�+ � 1) + �+L++1 k++t (x1; x2) + �+L++2 k++t (x1; x2)+ f�+a+(x1 � x2)[k+t (x1) + k+t (x2)℄+ � ZRd a(x1 � y)k+�t (x2; y)dy + � ZRd a(x2 � y)k+�t (x1; y)dyg;(3.5)where Markov-type generators L��i , i = 1; 2 are de�ned on fun
tions on Rd�Rdby (L��1 f)(y1; y2) = ZRd a�(y1 � y0)[f(y2; y0)� f(y2; y1)℄dy0;(L��2 f)(y1; y2) = ZRd a�(y2 � y0)[f(y1; y0)� f(y1; y2)℄dy0;(L+�1 f)(x; y) = ZRd a+(x � x0)[f(x0; y)� f(x; y)℄dx0;(L+�2 f)(x; y) = ZRd a�(y � y0)[f(x; y0)� f(x; y)℄dy0;(L++1 f)(x1; x2) = ZRd a+(x1 � x0)[f(x2; x0)� f(x2; x1)℄dx0;(L++2 f)(x1; x2) = ZRd a+(x2 � x0)[f(x1; x0)� f(x1; x2)℄dx0:Next propositions are dire
t 
orollaries of the perturbation method (notealso that any Markov semigroup preserves 
onstants).Proposition 3.3. The solutions of (3.1){(3.2) with initial values (2.13) havethe following forms:k�t (y) = 
�et(���1) + et(���1)et��L� �(y); (3.6)k+t (x) = 
+et(�+�1) + et(�+�1)et�+L+ +(x) + �
�et(�+�1) Z t0 e�(����+)d� (3.7)14



+ �et(�+�1) Z t0 e�(����+)e(t��)�+L+(a � (e���L� �))(x)d�:Proposition 3.4. Let (2.14) holds. Then the solutions of (3.3){(3.5) withinitial values (2.15) have the following forms:k��t (y1; y2) = et2(���1)et��L��1 et��L��2 (
�� + '��(y1 � y2))+ Z t0 e(t��)2(���1)e(t��)��L��1 e(t��)��L��2 ��a�(y1 � y2)[k�� (y1) + k�� (y2)℄d�;(3.8)k+�t (x; y) = et(�++���2)et�+L+�1 et��L+�2 (
+� + '+�(x� y))+ Z t0 e(t��)(�++���2)e(t��)�+L+�1 e(t��)��L+�2� f�a(x� y)k�� (y) + � ZRd a(x� y0)k��� (y; y0)dy0gd�; (3.9)k++t (x1; x2) = et2(�+�1)et�+L++1 et�+L++2 (
++ + '++(x1 � x2))+ Z t0 e(t��)2(�+�1)e(t��)�+L++1 e(t��)�+L++2 f�+a+(x1 � x2)[k+� (x1) + k+� (x2)℄+ � ZRd a(x1 � y)k+�� (x2; y)dy + � ZRd a(x2 � y)k+�� (x1; y)dygd� (3.10)3.3 Te
hni
al lemmasIn this subse
tion we present several useful notations and notes and prove te
h-ni
al lemmas needed in the sequel. Let us de�ne�+ := �+ � 1; �� := �� � 1; (3.11)f+(p) := �+â+(p)� 1; f�(p) := ��â�(p)� 1: (3.12)Note that 
onditions 0 < �� � 1 equivalent to �1 < �� � 0 and �� = 0only if �� = 1. Re
all that a� are positive, even and normalized. Thenâ�(p) = ZRd 
os(p; x)a�(x)dx; jâ�(p)j � 1; (3.13)and â�(p) = 1 only at p = 0. Hen
e, the 
onditions 0 < �� � 1 imply��� � 1 � f�(p) � �� � 0; (3.14)and f�(p) = �� only at point p = 0.Let C�(Rd ) be the set of non-positive 
ontinuous fun
tions on Rd whi
hequal to 0 only on 
ountable sets. Sin
e Fourier image of integrable fun
tion is
ontinuous one has f� 2 C�(Rd ). For any f 2 C�(Rd) de�ne two 
losed setsD�f := fx 2 Rd : f(x) = f�(x)g: (3.15)15



Note that that set Rd n D+f� = Rd n D�f+ has zero Lebesgue measure only if�+â+ � ��â� and, hen
e, �+ = ��.Lemma 3.1. Let d � 3 and b 2 L1(Rd ) \ L1(Rd ).Then
�(p) = b(p)â�(p)� 1are integrable fun
tions on Rd .Proof. By (3.13), â�(0) = 1. Due to (2.7), a� has at least �rst and se
ond �nitemoments. Then using (3.13) one has in some neighbourhood of the originâ�(p)� 1 = ZRd[
os(p; x)� 1℄a�(x)dx � �12 ZRd(p; x)2a�(x)dx � �12 jpj2and outside of this neighbourhood jâ�(p)� 1j are bounded from below.Hen
e, 
� are integrable in this neighbourhood sin
e b is bounded and 1jpj2 2L1(Rd) for d � 3; and 
� are integrable outside of this neighbourhood sin
e bis integrable.Lemma 3.2. Let d � 3, 0 < �� � 1, and b 2 L1(Rd) \ L1(Rd ).Then for anyf 2 C�(Rd ) d�(p) = b(p) supt�0 etf (p) � etf�(p)f(p)� f�(p)are integrable fun
tions on Rd nD�f .Proof. Let p 2 Rd n D+f for example. Without loss of generality assume thatp 6= 0 and f(p) 6= 0. Set a = f(p); b = f+(p). Then a < 0, b < 0, a 6= b. Let usde�ne h(t) := eta � etba� b ; t � 0:Clearly, h(t) � 0 and h(t) = 0 only at t = 0. One hash0(t) := beta�ab � et(b�a)�a� b :Set t0 = 1b� a ln ab . If 0 > a > b then t0 > 0 and for 0 < t < t0 we haveet(b�a) > ab , hen
e, h0(t) > 0; for t > t0 one has h0(t) < 0. If 0 > b > a thent0 > 0 also and for 0 < t < t0 we obtain et(b�a) < ab , therefore, h0(t) > 0; fort > t0 again h0(t) < 0. As a result,max[0;1)h(t) = h(t0) = et0a(1� et0(b�a))a� b = et0a�1� ab�a� b = �1b et0a < �1b ;16



sin
e �b > 0, a < 0.Hen
e, for any p 2 Rd nD+f , t � 00 � etf (p) � etf+(p)f(p)� f+(p) < � 1f+(p) :Then using (3.14), (3.11) for �+ < 1 one has �+ < 0 and d+(p) < b(p)��+that imply the statement of this Lemma. For �+ = 1 the result is followed fromLemma 3.1.3.4 Asymptoti
 behaviour of the �rst order 
orrelationfun
tionsIn this subse
tion we prove the Theorem 2.2.1) We should use (3.6). Note that  � 2 L1(Rd) and Markov semigroupmaps L1(Rd ) into L1(Rd ). Then using inverse Fourier transform one has�et��L� ��(y) = 
d ZRd ei(p;y)et��(â�(p)�1) ̂� (p) dp; (3.16)where 
d := 1(2�n)d . Using (3.13), the expression in the integral in (3.16) goesto 0 for any y and a.a. p. Sin
e  ̂� 2 L1(Rd ) and ���ei(p;y)et��(â�(p)�1)��� � 1 onehas that the integral also goes to 0 for any y. Then the statement is dire
tlyfollowed from (3.6).2) We will use (3.7). Note that similarly to the �rst step et�+L+ + ! 0point-wisely.2:1) If �+ > 1 then for any �� > 0k+t (x)!1;sin
e  � � �� � 
� > �
�, hen
e, the last term in (3.7) is bigger than��
�et(�+�1) Z t0 e�(����+)d�and, therefore,k+t (x) > 
+et(�+�1) + et(�+�1)et�+L+ +(x)!12:2) Let now �+ � 1. Divide proof on several sub-steps.2:2:1) Suppose �+ = �� = � then using (3.7) one hask+t (x) = et(��1)
+ + et(��1)et�L+ + (x) + �et(��1)
�t+ ut(x) (3.17)17



where ut(x) = �et(��1) Z t0 e(t��)�L+ �a � (e��L� �)� (x) d�:Let us �nd limt!1ut(x), for � � 1. Note that ut 2 L1(Rd ) sin
e semigroupand 
onvolution preserve integrability. Hen
e, we may 
ompute the Fouriertransform of ut:ût(p) =8>><>>: �â(p) ̂�(p)etf+(p)t; p 2 D+f� ;�â(p) ̂�(p)etf�(p) � etf+(p)f�(p)� f+(p) ; p 2 Rd nD+f� : (3.18)Sin
e  ̂� is bounded and â is bounded and integrable due to (2.7) one 
anapply Lemma 3.2, hen
e, ût(p) has integrable majorant on Rd n D+f� . Sin
eetat < �e�1a for any t � 0, a < 0 one has for any p 2 D+f� n f0g��ût(p)�� � 
1����� â(p)f+(p) �����:Again if � < 1 then denominator is separated from zero, otherwise one 
anapply Lemma 3.1. As a result, ût(p) has integrable majorant on whole Rd andpointwisely goes to 0 as t ! 1 (ex
ept 
ase � = 1, p = 0). Therefore, usingdominated 
onvergen
e theorem the inverse Fourier transform of ût(p) 
onvergesto zero, i.e. pointwisely ut(x)! 0 as t!1.Thus, using (3.17) one has that k+t !1 if � = 1 and k+t ! 0 if � < 1.2:2:2) Let now �+ 6= ��. Using (3.7) obtaink+t (x) = 
+et(�+�1) + et(�+�1)et�+L+ + (x)+ �
� 1�� � �+ �et(���1) � et(�+�1)� (3.19)+ �et(�+�1) Z t0 e�(����+)e(t��)�+L+ �a � e���L� �� (x) d�:2:2:2:1) Suppose that �� > 1. Then sin
e �+ � 1 and  � � ���
� >0 we obtain that k+t (x)!1; t!12:2:2:2) Next, let �� < 1; �+ < 1. Sin
e  ̂� is bounded one has forM = supRd j ̂�j that the last term in (3.19) is not bigger (by absolute value)than M�� � �+ �et(���1) � et(�+�1)�! 0:Then due to (3.19) k+t (x)! 0. 18



2:2:2:3) Finally, let �� < 1; �+ = 1 or �� = 1; �+ < 1. The last termin (3.19) is integrable fun
tion sin
e semigroup and 
onvolution preserve inte-grability. By dire
t 
omputation its Fourier transform has form (3.18). Hen
e,this last term pointwisely goes to 0.As a result, by (3.19) we obtain that if �+ = 1, �� < 1k+t (x)! 
+ + �
�1� �� ; t!1;and if �+ < 1, �� = 1 k+t (x)! �
�1� �+ ; t!1:Theorem 2.2 is proved.3.5 Asymptoti
 behaviour of the se
ond order 
orrelationfun
tionsIn this subse
tion we prove the Theorem 2.3.First of all we present expli
it expressions for 
++; ���; �+�; �++, andafter that we prove the Theorem. These fun
tions are inverse Fourier transformsof the following!++(p) = �� + �� 1�� � 1 � 
+â+ (p)1� â+ (p) ; (3.20)���(p) = 
�â� (p)1� â� (p) ; (3.21)�+�(p) = 12 � �� + 22� �+â+ (p)� â� (p) � 
��â (p)1� â� (p) ; (3.22)�++(p) = �1� �+â+(p) ��+
�â+(p)1� �+ + �
�2� �+â+(p)� â+(p) � â2(p)1� â�(p)� ;(3.23)
orrespondingly.Let us introdu
e the following denotations for the Markov semigroupsT 11t = et�+L++1 ; T 12t = et�+L++2 ; T 13t = et�+L+�1 ;T 21t = et��L��1 ; T 22t = et��L��2 ; T 23t = et��L+�1 :We start with trivial remark that for any even fun
tions 
; g 2 L1(Rd )(L1g) (x1 � x2) = (L2g) (x1 � x2) ;where (L1f)(x1; x2) := ZRd 
(x1 � x0)[f(x2; x0)� f(x2; x1)℄dx0;(L2f)(x1; x2) := ZRd 
(x2 � x0)[f(x1; x0)� f(x1; x2)℄dx0:19



After transformations, substitutions and simplifying we obtain for (3.8){(3.10) the following representations:k��t (y1; y2) = 
��e2��t + e2��tT 21t T 22t '��(y1 � y2) + U��t (y1 � y2);k+�t (x; y) = �
+� � �
���� � �+� e(�++��)t + �
���� � �+ e2��t+ e(�++��)tT 13t T 23t '+�(x� y) + U+�t (x� y);k++t (x1; x2) = �
++ � 2�
+��� � �+ + �2
��(�� � �+)2� e2�+t+� 2�
+��� � �+ � 2�2
��(�� � �+)2� e(�++��)t+ �2
��(�� � �+)2 e2��t+ e2�+tT 11t T 12t '++(x1 � x2) + U++t (x1 � x2):Here U��t (y1 � y2) = 2��
� Z t0 e���e2��(t��)T 21t��T 22t��a�(y1 � y2)d�;U+�t (x� y)= �
� Z t0 e���e(�++��)(t��)T 13t��T 23t��a(x� y)d�+ � Z t0 e2���e(�++��)(t��)T 13t��T 23t�� ZRd a(x� y0)T 21� T 22� '��(y � y0)dy0d�+ 2
���� Z t0 e(�++��)(t��)T 13t��T 23t��� ZRd a(x� y0) Z �0 e��se2��(��s)T 21��sT 22��sa�(y � y0)dsdy0d�;U++t (x1 � x2)= 2�+
+ Z t0 e�+�e2�+(t��)T 11t��T 12t��a+(x1 � x2)d�+ 2��+
� Z t0 e2�+(t��)T 11t��T 12t��a+(x1 � x2) Z �0 e��se�+(��s)dsd�+ 2� Z t0 e(�++��)�e2�+(t��)T 11t��T 12t�� ZRd a(x1 � y)T 13� T 23� '+�(x2 � y)dyd�+ 2�2
� Z t0 e2�+(t��)T 11t��T 12t�� ZRd a(x1 � y)� Z �0 e��se(�++��)(��s)T 13��sT 23��sa(x2 � y)dydsd�20



+ 2�2 Z t0 e2�+(t��)T 11t��T 12t�� ZRd a(x1 � y) Z �0 e2��se(�++��)(��s)T 13��sT 23��s� ZRd a(x2 � y0)T 21s T 22s '��(y � y0)dy0dsdyd�+ 4��
��2 Z t0 e2�+(t��)T 11t��T 12t�� ZRd a(x1 � y)� Z �0 e(�++��)(��s)T 13��sT 23��s ZRd a(x2 � y0)� Z s0 e���e2��(s��)T 21s��T 22s��a�(y � y0)d�dy0dsdyd�:Sin
e semigroups and 
onvolutions preserve integrability we have that T 21t T 22t '��,T 13t T 23t '+�, T 11t T 12t '++ as well as U��t ; U+�t and U++t are integrable on Rdfun
tions. So, to �nd their limits as t!1 we may use the Fourier transforms.Namely,T 21t T 22t '��(y1 � y2) = 
d ZRd eip(y1�y2)e2(f�(p)���)t'̂��(p)dp;T 13t T 23t '+�(x� y) = 
d ZRd eip(x�y)e(f+(p)��+)te(f�(p)���)t'̂+�(p)dp;T 11t T 12t '++(x1 � x2) = 
d ZRd eip(x1�x2)e2(f+(p)��+)t'̂++(p)dp:Sin
e '̂��; '̂+�; '̂++ are integrable we have using (3.14) and dominated 
on-vergen
e theorem that these three terms go to 0.Let us introdu
e for further simpli
ity of notations the following fun
tionsh1(p) := �+ � 2f+(p) � 0;h2(p) := �� � 2f�(p) � 0;h3(p) := f+(p) + f�(p) < 0;h4(p) := �� � f+(p)� f�(p) � 0:These inequalities are followed from (3.11), (3.12) and (3.14) as well as the fa
tthat equalities are possible only at p = 0.Consider also the following two fun
tions g1 and g2g1(p) = f�(p)� f+(p);g2(p) = �� � 2f+(p):They 
an be equal zero on a set of non-zero measure.21



We have in the new notations:
Ut��(p) = 2
���â�(p)e2f�(p)t tZ0 eh2(p)�d�;
Ut+�(p) = 
��â(p)eh3(p)t tZ0 eh4(p)�d�+ �â(p)'̂��(p)eh3(p)t Z t0 eg1(p)�d�+ 2
��â(p)��â�(p)eh3(p)t tZ0 eg1(p)� Z �0 eh2(p)sdsd�;
Ut++(p) = 2
+�+â+(p)e2f+(p)t tZ0 eh1(p)�d�+ 2�
��+â+(p)�� � �+ e2f+(p)t�Z t0 eg2(p)�d� � Z t0 eh1(p)�d��+ 2�â(p)'̂+�(p)e2f+(p)t tZ0 eg1(p)�d�+ 2
��2â2(p)e2f+(p)t Z t0 eg1(p)� �Z0 eh4(p)sdsd�+ 2�2â2(p)'̂+�(p)e2f+(p)t tZ0 eg1(p)� Z �0 eg1(p)sdsd�+ 4
���â�(p)�2â2(p)e2f+(p)t tZ0 eg1(p)� Z �0 eg1(p)s sZ0 eh2(p)�d�dsd�:Let us 
onsider the following 
losed set D = D1 [ D2, where D1 := fp :g1(p) = 0g = D+f� ; D2 = fp : g2(p) = 0g. It's easy to see that D1 \D2 = ?.Indeed, by (3.14) for any p 2 D1 \D2�� = 2f+(p) = 2f�(p) � 2��:But �� � 0, hen
e, it should be equality that implies f�(p) = ��, and withne
essity p = 0. But if 0 2 D1 \D2, then f+(0) = f�(0), i.e., �+ = ��, that
ontradi
ts to the 
ondition of the theorem.Next we note that the fun
tions 
Ut+�(p) and 
Ut++(p) have di�erent expli
itexpressions for p 2 D and for p 2 D
 := Rd nD . Note also that these fun
tionsare 
ontinuous fun
tions of p as 
ompositions of the integrals of the 
ontinuous22



fun
tions of t with 
ontinuous dependen
e on a parameter p. Hen
e, for 
al
ulatethese expressions for p 2 D we may 
al
ulate their for p 2 D
 and take limitsas dist(p;D)! 0.By dire
t 
al
ulations for any p 2 D
 n f0g we obtainbU��t (p) = 2��
�â�(p)e��t � e2f�(p)t�� � 2f�(p) ;bU+�t (p) = �
�â(p) � �� + 2�� � 2f�(p) � e��t � e[f+(p)+f�(p)℄t�� � [f+(p) + f�(p)℄+��â(p)'̂��(p)� 2
����â(p)â�(p)�� � 2f�(p) �G(1)t (p)e2f�(p)t;bU++t (p) = �2�
��+â+(p)�� � �+ + 2
��2â2(p)�� � f+(p)� f�(p) � �� + 2�� � 2f�(p)�G(2)t (p)e2f+(p)t+ 2
+�+â+(p) � �� � �+ + ��� � �+ � e�+t � e2f+(p)t�+ � 2f+(p)+��2â2(p)'̂��(p)� 2
���â�(p)�2â2(p)�� � 2f�(p) ��G(1)t (p)�2 e2f�(p)t+�2�â(p)'̂+�(p)� 2
��2â2(p)�� � f+(p)� f�(p) � �� + 2�� � 2f�(p)��G(1)t (p)e[f+(p)+f�(p)℄t;where we denote obje
ts whi
h are not de�ned for p 2 D byG(1)t (p) = e[f+(p)�f�(p)℄t � 1f+(p)� f�(p) ; p 2 D
1 := Rd nD1;G(2)t (p) = e[���2f+(p)℄t � 1�� � 2f+(p) ; p 2 D
2 := Rd nD2:Obviously dist(p;D1)! 0 implies g1(p)! 0 and, hen
e, G(1)t (p)! t. In thesame manner dist(p;D2) ! 0 provides G(2)t (p) ! t. Therefore, for obtain theexpli
it expressions for 
Ut+�(p) and 
Ut++(p) on D n f0g it's enough to de�neG(1)t (p) := t; p 2 D1; G(2)t (p) := t; p 2 D2:Then we have for any b 2 L1(Rd) \ L1(Rd )jb(p)jG(1)t (p)ef�(p)t �8>><>>:jb(p)jef+(p)t � ef�(p)tf+(p)� f�(p) ; p 2 D
1 n f0g;jb(p)j e�1�2f�(p) ; p 2 D1:And by result and proof of Lemma 3.2 this fun
tion has integrable majorante(whi
h doesn't depend on t) on whole Rd . Note also that ef�(p)t � 1, hen
e, allterms with G(1)t have this property. 23



Next,jb(p)jG(2)t (p)e2f+(p)t � 8>><>>:jb(p)je��t � e2f+(p)t�� � 2f+(p) ; p 2 D
2 n f0g;jb(p)j e�1�2f+(p) ; p 2 D2:If �� < 0 then may apply the previous 
onsiderations (�� 2 C�). Otherwise,we may use that a fun
tion u(t) = 1� eat�a (a < 0) is in
reasing and, hen
e,bounded by u(+1) = �1a:Note also that other numerators depended on t in the expressions for bU��t ,bU+�t , bU++t may be estimated by 2 (re
all that 
orresponding denominators arenot equal to 0 if p 6= 0).Therefore, for prove that fun
tions bU��t , bU+�t , bU++t have integrable majo-rants it's enough to show that all terms whi
h independent on t are integrable.Re
all that '̂��, '̂+� and '̂++ are bounded, â; â+ and â� are bounded andintegrable. Thus, we should prove integrability of two terms:b(p)�� � 2f�(p) and b(p)�� � f�(p)� f+(p) � 1�� � 2f�(p) ; (3.24)where b 2 L1(Rd ) \ L1(Rd ).If �� = 0 then we have b(p)�� � 2f�(p) = �12 b(p)â�(p)� 1and due to Lemma 3.1 these fun
tions are integrable. If �� < 0 then using(3.14) we obtain 0 < ��� � �� � 2f�(p);that implies jb(p)j�� � 2f�(p) � jb(p)j���whi
h are also integrable fun
tions.Next, if �� = 0 then �+ < 0 and using (3.14)(�� � f�(p)� f+(p))(�� � 2f�(p)) � �2�+(1� â�(p));and we again may use Lemma 3.1. Finally, if �� < 0 then �+ = 0 and�(�� � f�(p)) + (�f+(p))� � ��� � 2f�(p)� � ���(1� â+(p));and we also may use Lemma 3.1. 24



As a result, the fun
tions bU��t , bU+�t , bU++t have integrable majorants and bydominated 
onvergen
e theorem for obtain limits of U��t , U+�t , U++t as t!1we may 
al
ulate limits of the Fourier transforms and after apply the inverseFourier transforms. Hen
e, taking t ! 1 in the expressions for bU��t , bU+�t ,bU++t we immediately obtain the statement of the Theorem 2.3 with fun
tions
++; ���; �+�; �++ whi
h are inverse Fourier transforms of (3.20){(3.23).Referen
es[1℄ S. Albeverio, Yu. G. Kondratiev, M. R�o
kner, Analysis and geometry on
on�guration spa
es, J. Fun
. Anal. 154 (1998), 444{500.[2℄ D. L. Finkelshtein, Yu. G. Kondratiev, A. Skorokhod, One- and Two-
omponent Conta
t Pro
ess with Long Range Intera
tion in Continuum, Inpreparation.[3℄ K. Ito, F. Kappel, Evolution equations and approximations, Series on ad-van
es in mathemati
s for applied s
ien
ies, Vol. 61, World S
ienti�
, 2002.[4℄ Yu. G. Kondratiev and T. Kuna, Harmoni
 analysis on 
on�guration spa
eI. General theory, In�nite Dimensional Analysis, Quantum Probability andRelated Topi
s 5 (2002), no. 2, 201{233.[5℄ Yu. G. Kondratiev, O. V. Kutoviy, S. Pirogov, Correlation fun
tions and in-variant measures in 
ontinuous 
onta
t model, SFB-701 Preprint, Universityof Bielefeld, Bielefeld, Germany (2007).[6℄ Yu. G. Kondratiev, O. V. Kutoviy, S. Stru
kmeier, Conta
t model withKawasaki dynami
s in 
ontinuum, SFB-701 Preprint, University of Biele-feld, Bielefeld, Germany (2007).[7℄ Yu. G. Kondratiev and A. Skorokhod, On 
onta
t pro
esses in 
ontinuum,In�nite Dimensional Analysis, Quantum Probabilities and Related Topi
s 9(2006), no. 2, 187{198.[8℄ A. Lenard, Correlation fun
tions and the uniqueness of the state in 
lassi
alstatisti
al me
hani
s, Commun. Math. Phys. 30 (1973), 35{44.[9℄ A. Lenard, States of 
lassi
al statisti
al me
hani
al systems of in�nitelymany parti
les. I, Ar
h. Rational Me
h. Anal. 59 (1975), 219{239.[10℄ A. Lenard, States of 
lassi
al statisti
al me
hani
al systems of in�nitelymany parti
les. II, Ar
h. Rational Me
h. Anal. 59 (1975), 241{256.[11℄ K. Matthes, J. Kerstan, J. Me
ke, In�nite divisible point pro
esses,A
ademie-Verlag, Berlin, (1978).
25


