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1. INTRODUCTION ' 

The information transmission theorem for Ьlock codes(cf. 1 11, 
Thm.7 . 2.6) asserts that а source can Ье t r ansmitted over 
а channel of capacity С > R(D) in such а way that the channel 
outpu·t process reproduces the original process with fidelity 
D, provided the Ьlock length is sufficiently large and, on 
the other hand, if С < R(D), then fidelity D is not achievaЬle 
whatever the Ьlock length will Ье. Here~ R(.) stands for the 
rate-distortion function of the source. 

The main proЬlem addressed in this paper is а dual form 
of the information transmission theorem. That is, we are gi
ven а source [А,~. having the distortion-rate function (DRF) 
relative to some distortion measure, and а channel [В, v, Cl 
wi th capaci ty С. Then we ask which are the connections between 
the optimum performance theoretically attainaЬle using encoder
decoderpairs(ф,ф); ф: А"" ... В "", ф: C"" ... A"",andthecapa
ci ty С. We are interested in the case when ф, i[l are statio
nary (finite or infinite) codes. Denoting the corresponding 
ОРТА Ьу fi*, the resul t we seek for is о * = D(C). This result 
was previously obtained Ьу Gray121 for B-sources and noiseless 
channels, Ьу Gray and Ornstein 131 for ergodic sour ces and disc
rete memoryless channels, and Ьу Gray, Ornstein, and Dobru-

h . 141 f d 1 d . - . h s 1n or B-sources an tota ly ergo 1с d -cont1nuous с an-
nels. We extend it to arbitrary ergodic sources ana ergodic 
~eakly continuous channels. The proof makes use of the sliding
Ьlock coding theorem with а fidelity criterion which was obtai
ned in 151 using somewhat complex arguments. In the firiite alpha
bet case and for B-sources it is possiЬle to replace it Ьу 
а strong form

1
of Sinai's theorem (а slight generalization of 

Theorern 1 in 6 
) • Its formulation and а simple direct proof 

will Ье given in the next section. / 

2. STRONG SINAI's ТНЕОRЕН 

iLet А , А Ье finite sets, and suppose that р :(А uA)x(AuA) .... 
_, [0, ""] is а finite-valued metric on А u A. Let 

Р м= max 1 р (а', а"): а', а" t;;. А u А 1. 

А proce'< i• defined г~.·•·; ·Ьilatёrai . !'jiтnce 
G '- 11 •. • : :-: • · Ш~~2 

~::~с; ~· .. • i,• : '·; ; •,!' .А. 
-~-"'-~~" · · ~ ~. L:..,)\r\ - - ' 

Х = /Xi ~~=-"" 
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of random variaЬles defined on ~ome common probabil ity space 
((О, 1, Р), say), and taking values in а common finite set (cal
led the state space o f Х ) • If the state space of Х is А 
then, Ьу regarding Х as а mapping frora О to А"", the measu
raЬle space of all bilateral sequences from А, we let dist(X) · 
denote the induced probability measure on А"". If dist(X) = 11 , 
then we shall write [А, р.] or [А, р., Х] for the corresponding 
source 171. А process Х or, а source [А, р.], is said to Ье sta
tionary (ergodic) if dist(X) or , р., is invariant (ergodic) with 
respect to the shift Т on А "" (we shall use Т fo r the shift 
in any space of the form С"'; the state space С being always 
clear from the context). Similar comments aP,~ly to pair pro
ces ses (Х, Y),triple processes (Х, У, Z), etc. "~ 1. 

If Х is а process with state space А, У а process with 
state space .А. let' х v У denote the set ot ан jointly inva
riant measures on (А х А) оо having dist (Х) and dist (У) as matgi
nals. If the pair proce~s (Х, Y)is ergodic then we define the 
p-distancebetween Х and У as р(Х,У) = inf Ерр(Х0,Х0 ) 

р~Х vy 

(see (12) . in161; more on р -distance see in19/ ) • In particular , 
if р is а metric, th~n so is р . 

А process Х with а finite state space (а source [А, р.] with 
а finite alphabet А ) is said to Ье а B-process (а B-source) 
if it adrnits an isomorphic representation in the form of а bi
lateral sequence of independent, identically distr ibuted( i .i.d. ) 
random variaЬles (cf., e .g., 110,11,7 / ) • 

Theorem 1 (Strong Sinai# s Theorem). Let А , А and р Ье 
specified as above. Let Х Ье а stationary, ergodic, and ape
riodic (rneaning that Р[Х = х] = О, х ~ А"" ) process with state 
space А, and let У Ье а B-process with state space А such 
that their entropies satisfy h(X).? h(Y). Then for any у > О 
there is а stationary code Т: Аоо __, А "" such that 

( i) 1 Х = У , and 
(ii) Е11 р 'Х 0 , (ё Х)о) S р (Х , У)+ у; 11 = distjX) . 

Recall fr om 171 that а measuraЬle mapping f : А"" .... Л"" is said to 
Ье а stationary (or, infinite) code if ( о T=T 0 f. А statio
nary со~с 1 is said to Ье а sliding-Ьlock (or, fi nite) code 
if ~ there exists a_positiveJnteger N"" and а mapping f : A2N+1_, 
.... А such that (fx)o = f(x_N); х r;,_A . The window_length N will 
Ье sometirnes indicated Ьу writing r<N>instead of f. 

As·sertion (i) is the usual forrn of Sinai# s theorem: each 
ergodic aperiodic finite state process Х has Вernoulli fac tors 
with entropy Н for any О < Н S h (X) ~10 · 71 . The expectation in (ii) 
i~ usually denoted Ьу pX(f) (or, р11 ( f) if 11 = dist (Х)) ) · - i t is 
the average distortion when r is used to code Х. 

The special case when У is an i.i.d. process is Theorem 1 
in161. Th~ ·proof from 161 easily extends to our case, however, it 
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is based 9 n а rather complex construction from 151. Here we 
give а simple direct proof based on the following lemma: 

Lemma 2. Let(X, У) Ье а stationary and ergodic pa~r process 
with Х and У each having а finite state space such that Х 
is aperiodic and h (Х) :;t h(Y). - Then there is а sequence У (N) of 
processes having the same state space as У for which 

(i) each y<N) is а finite coding of Х ; 

(ii) (Х, y<N>) __, (Х, У) in distribution; and 

( . •.• ) ( (N)) 
1.1.1 h У .... h(Y) as N .... "". 

This is а special case of Lemma 1 in181 (cf. also 1121 ). As is 
shown iд Sect.IV of 181, Lemma 2 follows easily from the Shannon
McMillan theorem using а standard construction of good- sliding
Ьlock codes from good Ьlock codes (s~e 113.7,111 ) • 

Proof of Theorem 1. Ву redefining the underlying probaЬility 
space, if necessary, we can and do assume that (Х, У) is jointly 
stationary and ergodic. Ву Lemma 2 we find а sequence y(N) of 
sliding-Ьlock codings of Х such that 

(а) (Х, y<N)) .... (Х, У) in distribution, 

(Ь) h(Y(N}) .... h(Y) ·. 

.. 

S . у . . . f. . 1 d . d 110 111 с 1.nce 1.s а B-process, 1.t 1.s 1.n1.te у etermLne • . on-
sequently, (а) and (Ь) yi~ld 

- (N) 
(с) d (У , У) .... О, 

h -d . о . # -d d. 1101 - d. . h w ere LS rnsteLn s - 1.stance ; d- 1.stance 1.s t е spe-
cial case of р -distance when the role of р is played Ьу the 
Hamming distance dн. Since р is а finite-valued metric, for 
any .!>', Ь"~ А, р(Ь', Ь") SРмdн(Ь', Ь "). Hence also р(У (N). У) ~ 
,5 Рмd (y(N) ,У) so that (с) implies 

- (N) 
(d) р(У ,У) .... О. 

Using (d) we may pick а good initial coding of Х. Take some 
Е > О and pick а sequence Е 1 , Е 2 , ••• of positive numbers such 
that lEi <Е. Ву (d), choose some stationary coding Z of Х 
for which p(Z, Y) <E 1.Since E1 <IEi, Ьу taking Е < ·у/3 we can 
find (from the definition of р) а process У having the same 
state ~расе as У, such that (Х, У) is jointly ergodic, dist(Y)= 
= dist(Y) , 

(е) Е11 р(У0 , Z 0)<E 1, and _ 
' 

(f) Е11 р(Х0, У0 ) < р(Х, У)+ у/3. 

Consider the pair process ((Х, Z), Y).Since У is again а B-pro
cess, using the proper t y of finitely determined we find а sta-
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tionary coding zO) of Х s·uch that ((Х, Z), zO>) is as close 
in distribution to ((Х, Z), У), and · ь(zC 1>) so close to h(Y) that 

с1>) -с· с1> ) EIL p(Zo• z О < t1' р z • у < t2. 

(In fact, finitely determined implies the latter inequalities 
wi th d н and d in .place of р and р, but we can pass to р and 
~ as above fтom (с) to (d)). Ву making use of this argument 
repeatedly we find а sequence Z (1) , Z (2), ••• of stationary 
codings of Х such that 

- (i) 
(g) p(Z , У) <Е. 

1
, 

1+ 
( ) Е . (Z С i - 1) zCi) ) · h рР о • о < (i • 

Since we know Ьу cons-truction that· also 

(i- 1) (i) . (i- 1) . (i)] 
I EIL dн(Z0 , Z 0 ) = I Prob [ Z 0 .f. Z 0 < I f i < "" , 
1 1 

there exists a.s. limit, i. of the sequence Z(i). Ву (g) and 
(h) we see that 

(j) р (Z, У)= О ( in particular, . dist (Z) = dist (У)); 

(k) EILp (Z
0

, Z
0

) < lfi < у/3. ' 
Since с < у/3, from (k), (f), and (е) we get 

1 

E/Lp(X0 , Zo) 5.Ер.р (Х0 , У0 ) + E/Lp(Y0 , ZJ + 

+ ~p(Z0 , Z0 ) < р(Х, У)+ у/3 + f 1 + у/3 < р(Х, У)+ у. 
( 1) 

It remains to show that Z is а stationary coding of Х, too. То 
see this, let f(i) denote the stationary code with r(i)x = z(i). 
Define the distance 

' . 
jf(i)- r(i- 1

) lx= Prob((rCi>x)0 .f.(fCi- 1)X)~=Prob[Zcii- 1);izcii>]. 

As ~hown in 141 , the space of all stationary codes Т from А"" 
to А"" is complete r~elative to th~t metri~ so t~at j7Ci) - f lx _, О 
for sornef. Since Z is an a.s. limit of zC1>=r<1>X, it follows 
that Z=fX.By (k) and (1), f has the desired properties. 

\le have proved actually а little bit more in the course of 
passing from (d) till the end of the proof: 

Corollary 3 .• Let the hypotheses of Theorem 1 prevail. Sup
pose there is а stationary coding ~ of , Х such that p(Z, Y)<f . 
Then there is а stationary coding Z of Х for which 
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( i) dist (Z) = Dist(Y) , and 

(ii) Ep.p(Z 0 , z 0) < (. 

'fhis' ~orm of Sinai"' s theore~ (\vith dн replacing/, and the rela
tive d -distance replacing d ) was obtained in 7 1. In case of . 
B-processes, Theorem 1 makes it possiЬle to get а different 
expr~ssion of the DRF in the spirit of the "topological" ap
proach to source coding with а fidelity criterion/5, 151 

Corollary 4. Let А , А and р Ье specified a s at the be
ginning of this section. Let Х Ье а В -process with the state · 
space А. Then for any R ~ [О, h (Х)] , D(R) = inf\p(X, У): h(Y) .s:; R 
У is а В - process 1, where D(.) is the DRF о{ the process Х. ' 

Proof. This followd from the following chain of equalities: 

(а) - - (Ь ) 
D(R) = inf\px(f):h(fX) < Rl •= 

(Ь) - - - ( 
= inf\px(f):h(fX )_5R, fX is а B-process\ ~ 

~) inf\p(X, У): h(Y) .$ R, у. is а B-process !. 

Equation (а) is but of the process definitions of the DRF (va
lid, by 114~for any ergodic process Х ). Eq~ality (Ь) is tri
vial for, if х is а в -process then so is rx for any statio-

. ваrу code f 110•111 Equality (с) was proved in161 iп case wheп 
fX апd У wете rest.ricted to i.i.d. processes •. Usiпg our Theo
rem 1 instead , of Thm.1 161 we сап repeat the quoted pro~ f word 
Ьу word, and thereby get (с). ' 

Iп particular, we get the followiпg strengtheпiпg of the 
(statioпary) source codiпg theorem for В -processes: 

Corollary 5. Let А, А , р , апd Х Ье as iп the precediпg 
corollary " Let О.$ R .$ h(X). Тhеп for апу f > О there exists . 
_а В :rro~c!ss У with the state space А and а statioпary code 
f : А _,А such that 

(i) rx = У,апd 
-

(ii) px(f) < D(R) + f . 

Proof ~ Giveп R апd f > О, Ьу Corollary 4 fiпd а В -process У 
with h(Y) .$ R such that · 

(а) р(Х, Yl.._ .$ D(R) + t /2 . 

Siпce h(Y) .$ R .$ h(X), we may apply Theorem 1 (with у =f/2) in 
order to fiпd а statioпary code f such that (i) is true апd · 
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Px(f) < р(Х, У)+ f /2. 

Assertion (ii) follows from (а) and (Ь). 

~· ТНЕ INFORМAТION TRANS"НISSION ТНЕОRЕ"Н 

Throughout this section we are given an ergodic source 
[А, IL, U] and а finite alphabet channel [В, v, С] such that either 
(а) А u В is finite and р is а pseudo-metric distortion measure 

(i.e., satisfies the triangle inequality), 
or, 

(Ъ) А u В is а complete separaЪle metric space under а metric р 
and there exists а reference letter а 0 Е- А fo1!' which 

Ellp (U 0 , а 0) < "". 

Recall that а channel [В, l/ , С] is а measuraЪle family (v (.) ; 
х Е В"") of probability measures on С"". We suppose that xv is 
stationary, i.e.' Vтx<TF) = 1/х (F) ; х Е- в""' F t С""(Ьу writing 
inclusions like F с C""we shall automatically assume F is mea
sutaЪle). А channel [В, v , C]is said to Ье ergodic if for any 
stationary and ergodic input source [В, Л] the joint input-output 
source [В х С, Лv] is also. stationary and ergodic, where 

Лv (Е х F) = f vx(F) Л(dх); Е С в"", F С с "" . 
Е 

Recall from 1131 that [В, v, С] is weakly continuous if for any 
sequence of stationary and ergodic input sources [В, л<n1 such 
that л<n> . weakly converges to а stationary and ergodic source 
[В, Л], the measures л<n> v weakly converge to Лv. 

Given [А, IL] and [В , v. С],а quadruple (U, Х, У, V) is said 
to Ье а stationary (infinite or finite) hookup of the given 
source and channel, if U has the state space А, the state space 
of V is contained in А , Х has the state space В , У has 
the state space С, and if (U, Х, У, V) forms а Markov chain in 
the sense that there exist stationary (infinite or finite) codes 
f!J: л""_, в"", f: с"" _,л"" such that dist(U) = IL , х = фu, dist(X, У) = 

(!L ?>- 1) v and V = ifi У (note that Ф is well-defined also for 
continuous alphabet А ) • 

Let C(v) denote the Shannon (= information rate) capacity 
of[B,v,C] (cf., e.g., 1161 ). Thus, C(v)=supi(X,Y), where 
the supremum is over all stationary and ergodic processes Х 
with the state space В, У is the output process of v given Х 
at the input, and I(X, У) is the average mutual information 
rate /1,14,161. 
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Theorem б (Information Transrnission Theorem). Let А, В , С 
and р Ье given as specified above. Let [~IL] Ье а stationary 
and ergodic source wi th the DRF D(. ) . Le t [В , v, С 1 Ье an ergo
dic and weakly continuous channel with the Shannon capacity 
C(v). Given sta.tionary codes ф: А""_, в"", and ifi: С""_, А "",let 
us denote Ьу (U, Х, У, V) the corresponding hookup. Then 

inf Е p(U
0

, V
0

) = D[C(v)]. 

<Ф. f> IL 

Proof of the negative part. Since (U, Х, У, V) forms а Mar
kov chfin, I(U, V),::; l(X, V) Ъу the information processing theo
rem117 .Next, I(X, У),::; C(v). Ьу definition. Using the process 
definition of the DRF 

114 , 

Ellp(U0 , V0 );::: infEPp (U 0, Vo) = D[C(v)], 

where the infimum is over all stationary and ergodic joint 
distributions р of (U, V) under which dist(U) = IL and ~(U, V)SC(v). 

Before turning to the proof of the positive part observe the 
following. If ф: л""_, воо is an infinite code, where В is 
а finite set, and if [A./L. U] is а stationary sourceL than for 
any f > О we can find а finite approximation ф(N) to ф in the 
sense that Prob[( ф U) 0 1 ( ф <N>u )0 ] s f (see Thm. 3.1 of 121). Since 

- - -(N) - -(N) 
d ( ф U , ф U ) ,::; Prob [ ( Ф U ) 0 i ( Ф U) 0] • 

- -(N) 
and since ф U, ф U each have the finite state space В, as 
in the proof of Theorem 1 we get from the above inequalities 
that iJ<Фu. ф<N>u) < р с 

Thus; we get the fo\lowing result: 

Corollary 7. Let the hypotheses of Theorem б prevail. Then, 
if 

р(ф(N) • ф<М>) = Ellp(Uo• [.j;(M)(ф(N)U)]o). 

we have the formula 

- -(N) -(М) 
inf inf р ( ф , ф ) = D [ С ( v ) ] 

(N ,М) ( ф<N> • ф(М)) 

Corollary 7 thus represents а generalization of Theorem б.1 
iн 121 and of Theorem 2 in 131, the sliding-Ьlock information trans
mission theorems known up to now. 

The idea of the P.roof of the positive patt is motivated Ьу 
the proof of Gray 12l for the case of а noiseless channel. One 
first uses the sliding-Ьlock source coding theorem with а fi-
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delity criterion 151 in order to achieve the goal of entropy comp-
ression to а level under the Shannon capacity of [В, v, С]. As , 
shown in 151 , proof of Th~orem 2, this can Ье done using а finite 
reproduction alphabet, А say. Since а finite coding of an er
godic source is again ergodic, we arrive at the situation of 
having а finite alphabet source rA.,;,u]such that h(U)<C(v) 
(care must Ье taken of the case h(U) = C(v) ) • This makes it ?,os
siЬle to use the zero-error transm~ssion theorem of Kieffer 181 

in order to achieve the goal of transmission of the compressed 
process U over the channel. Since this second step is perfect
ly noiseless, all the distortion comes from the first step,which 
is easy to see giviпg the optimum distortion D[C)v)]. 

First let us recall two useful concepts from 14 . А sourc'e 
[А,~] (А finite!) is said to Ье zero-error transmissiЬle over 
а channel [В, v, С] if there exists а statioпary hookup (U, X, ,Y,V) 
(see Sect.2) for which Prob[Uo f. Vo] = О. А source [В, Л] is said 
to Ье v -invulпeraЬle (in symbols, Л Е I(v) ; we shall use э.lso 
the пotation Х <; I(v) if · Л~ I(v), where Л= dist(X)), _ if there 
is а Иarkov chaiп (Х, У, V) and а s tationary code ~ : С"" _. в"" . 
such that Х , V each have the state space ' В , У.:.. has the 
state space С, dist(X) = Л , dist(X, У) = Лv ,and V = ~у satis-
fies Prob(X0 f. V0 ] =О. 

As shown in147, а source (А,~] is zero-error transmissiЬle 
over [В, v , С] if and only if i t is isomorphic to а v -invulne
raЬle source [В, Л]. 

Proof of the positive part o Since I(v) necessarily contains 
processes Х with h(X) < C(v), but not those for which h(X) = C(v), 
we have to work with rates below capacity. Since D(.) is conti
nuous 111, for any f > О there is а о> О (we may assume о ~ f / 4) . 
so that .D(C(v)- о) < D(C( v )] + f/4. Take R = C(v)- о <C(v).By 
Theor~m 2 of 151 уе find а finite set А С А and а sliding-Ьlock 
code f (N): А "" _. А"" such that 

(а) h(f(N)U) $ R; 

(Ь) p(f(N)) ,5 D(R) + f/4 ;S..D[C(v)] + f/2, 

Le t Q = 'f<Nb. Then h (lJ) < C(v), and U is an ergodic process, so 
that U is zero-error transmissiЬle over (В, v, C],Find (В, А] Е 

· EJ(v) and а stationary invertiЬle code С : -go ... В"" such that 
fU=X, dist(X)=Л. SinceЛCI(v),we find а stationary code [: 
с ""-+ в"" such that 

(с) Prob(X0 f. (~У)0 ] =О 

where. dist(X, У)=Лv. Since f is an isomorphism, it follows from· 
Х = f[{<N>u] that (<N{J = {- 1 х. Hence 

(d) Prob(cf(NtJ)
0 

f cf- 1X)
0

] = 0. 

8 

Now put ф = f о с (N) , f = f'- 1o ~. and let V denote the corres
ponding decoded process. Since f is an isomorphism, all the 
distortion in <Pu comes from (<N). Hence 

-(N) -
(е) E~p(U, (f U)

0
) =Е p(U

0
, (фU)0 ) 

~ . 
and this, together with (Ь), shows that 

( f) р ( ф) ~ D (С ( v )] + f / 2 < D [С ( v)] + f. 

Since V = фу = f - 1( l У), and since f - 1 is an isomorphism, we get 

-(N) . -(Nb --1 
EP.p((f tJ)0, v0) = EP.p((f ) 0 , (f ~У) 0) 

- -(N) - - -
= E~p((f (f U] )

0
, (~У)0) = Е~р(Х0, (~У)0) S . PмProb[X 0 f. (~У)0 ]. 

Using (с) we get 

(g) EP.p(((<N>u)
0

, v
0

) = о. 

Let р(ф, ф) =Е p(U, (ф(фu)] 0). 
Then (е)~ (f), fg), and the triangle inequality together 

yield р(ф, ф) <D(C(v)] +с. Since f has been arЬitrary, the proof 
is complete. -

If (А, р., U] is а B-source with а finite alphabet А ·, then 
we may ref~r to Corqllary 5 instead of the source coding theo
rem of151. This gives (Ь) and а strengthening of (а) in the above 
proof to the effect that not only (а) is true but we may find 
а B-process Х and а stationary code f : А""_. в"" such that fU = 
=X.In conclusion, observe that the positive part of Theorem б 
can Ье formulated, with the aid of Corollary 5, as follows: 

Corollary 8. Let (А, р., U]be а stationary, ergodic, and ape
riodic source, where А is finite. Let В , р and the channel 
(В, v, С] Ье specified as in Theorem ? • If h(U) > С( v) tnen for 
any f.J' О there exists а В -process Х Е I(v) and а stationary 
code f : А"" ... В"" such that 

-
(i) fU=X,and 

(ii) р (f) < D(C(v)] + с , 
u -

U is isomorphic with а process 
then U has а v -invulneraЬle 

Thнs, if h(U) < C(v ), tnen 
XEI(v), while if h(U) > C(v), 
factor which is а B-process 
morphism gives distortion as 
please. 

and the corresponding factor homo
close to the optimal one as we 
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В Объединенном институте ядерных исследований начал 

выходить сборник "Краткие с ообщения ОИЯИ", В нем 
будут помещаться статьи, содержащие оригинальные научные, 

научно-технические, методические и прикладные результаты, 

требующие срочной публикации, Будучи частью ••сообщений 

ОИЯИ11 , статьи, вошедшие в сборник, имеют, как и другие 
издания ОИЯИ, статус официальных nубликаций. 

Сборник 11Краткие сообщения ОИЯИ 11 будет выходить 
регулярно. 

The Joint Institute for Nuclear Research begins puЫi
shing а collection of papers entitled JINR Rapid Communi
oations which is а section of the JINR Communications 
and i s intended for the accelerated puЫication of impor
tant results on the following subjects: 

Physics of elementary particles and atomic nuclei. 
Theoretical physics. 
Experimental techniques and methods. 
Accelerators. 
Cryogenics. 
Computing mathematics and methods. 
Sol id state physics·. L iquids. · 
Theory of condenced matter. 
Applied researches. 
Being а part of the JINR Communications, the articles 

of new collection like all other puЬlications of 
the Joint Institute for Nuclear Research have the status 
of official puЬlications. 

JINR Rapid CommunioatioпS will Ье issued regularly. 

""" 



COMMUNICATIONS, JINR RAPID COMMUNICATIONS, PREPRINTS,AND 
PROCEEDINGS OF ТНЕ CONFERENCES PUBLISHED ВУ ТНЕ JOINT INSTITUTE 
FOR NUCLEAR RESEARCH HAVE ТНЕ STATUS OF OFFICIAL PUBLICATIONS. 

JINR Communication and Preprint references should cohtain: 

- names and initials of authors, 
- abbreviated name of the lnstitute (JINR) and publicat~ on 

index, 
- location of publ isher (Dubna), 
- year of publication 
- page number (if necessary). 

For example: 

1. Per vushi n V. N. e t aL. JINR~ P2-84-649~ 
Duhna~ 1984. 

References to concrete articles, incluqed into the Pro-
ceedings, should contain 

- names and initials of authors, 
- title of Proceedings, introduced Ьу word "ln:" 
- abbreviated name of the lnstitute (JINR) and publication 

index, . 
- location of publ isher (Dubna), 
- year of publication, 
- page number. 

For example: 

KoLpakov I.F. In: XI Intern. Symposium 
оп NuaLear ELeatronias~ JINR~D1J-84-53~ 
DиЬпа~ 1984~ р.26. 

Savin I.A.~ Smirnov G.I. In: JINR Rapid 
Communiaations~ N2-84~DиЪna~1P84~p.J. 


