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ABSTRACT 

A theoretical invest igat ion is made of the flow of two fluids over £m obstacle . Particula r 
attention is g ive n to the upstream disturba nce that occurs when t he obstac le is star ted 
up fro m rest in a long channe l. This has importance as it re lates to the blocking phe ­
nomenon t hat occurs when a stratiiied fluid like t he atmosphere moves over barr iers. The 
resul ts o f t he analys is aro borne ou t by the exper im en ts in t he sp ec ia l case o( disturb­
a nces ut a water-air interface. The blocking t hat occur. is accomplished by a bore mov­
ing up ahead of Lhe obstacle rais ing t he upstream depth. The phenomenon is unsten.dy; 
it is a lso non- linear as indicated by t he fac t that t he upstream may be d isturbed even 
when condit ions pe rm it no infinitesimal di turbance to pl'Ogress upstream . 

I. Introduction 

In papers dealing wi th problems of air flow 
over· mom1tains, two assumptions- a mong others 
- a re commonly made : (1) t he mountain is in 
t he fo1·m of a ridge, so that t he motion may be 
considered two-dimensional, (2) conditions up­
s tream may be prescribed. These two assump­
tions are related because in two-dimensional 
motion, as seen iJ1 experimen t, the obstacle can 
d rastically a ffect t he approach concli t ions far 
upstream whereas this seem s unlikely in three­
dimensional flows. 

One of the ea rliest papers on t his and a related 
proble1n was an experimental pap r by Taylor 
( 1922) who observed that a sphere m oving slowly 
a long t he axis of a ro tating fluid pushes a col­
mnn of fl uid ahead of it of t he . amo radius as 
the sphere. More recently, L ong (1955) observed 
strong upstream effects when an obstacle is 
moved slowly and horizontally in astratif ied fluid . 
In t his case, wh ich is more eas ily obse1·ved than 
the rotating case, the obstacle causes a blocking 
of the fluid up to the level of the obstacle crest. 
Above this, there is a high-velocity je t moving 
toward t he obstacle. T h is, in t urn, has another 
stagnant layer above it and so on, with as many 
as six or seven sets of al ternate je ts and stag­
nation layers fo r very slow flow a nd la rge ob­
stacles. At higher velocities, t he pictLu·e simpli­
fies. Fig. 1 for example, shows only two blocked 
regions, one up to the level of the obstacle crest 
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and one just below the free surface. There is a 
high-velocity r egion in-between. 

Theoret ical investigations (Long, 1959; Martin 
& Long, 1968) h ave been made of t his phenome­

non at such low velocit ies that t here is a balance 
of buoyancy, p ressure and viscous forces. Jano­
witz (1968) conducted a more general investiga­
t ion including in ertial effects by using the Oseen 
approximation. In a ll cases, the genera l flow 
pattern described above appears upstream and 
over t he obstacle. A s imple qualitative explana­
t ion for the a lternate jets a nd stagnation layers 
is fundamenta l. Thus below the level of t he 
obstacle crest th e fluid may be advanced in 
which t he effect of fri ctionis blocked upstream 
because of t he stratification. With viscosity, 
t his effect weakens upstream so that t he 
approach flow is g reater in t his layer far from 
the obstacle t han it is closer to the obstacle. 
This yields a positive vert ical velocity as in 
F ig. 2 and, considering the relative orienta­
tion of t he constant density and constant pres­
Sl1re surfaces, a generation of vorticity in the 
sense shown. This yields t he vorticity for t he 
lower half of the jet that appears just above the 
level of the obstacle crest. This jet is strongest 
near t he obstacle because t h e whole pattern 
must weaken through viscous action as we look 
upstream . The resu lt is a downward vertical ve­
locity just above t he jet and a generation of vor­
ticity of the opposite sense to support the shear 
in the upper half of the jet- layer. Cont inuing up-
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Fig. l. Pattern of flow of a stratified fluid over an obstacle. In this experiment, the continuous, ap­
proximately linear density gradient in the basic state has been obtained by a mixture of salt and water. 
The tracer is aluminum powder. 

ward, we see that from a vorticity viewpoint a 
whole system of alternate jets and stagnation 
layers are possible. That viscosity is an essential 
ingredient in the explanation of the system is 
also indicated by a theoretical investigation of 
Bretherton ( 1967). When he neglected viscosity 
altogether, he got blocking only at the level of 
the obstacle. When he allowed a small amount 
of friction, the alternate jet system tended to 
appear. 

Thus, theoretical and experimental evidence 
is conclusive that blocking in stratified fluids 
occurs at low velocities and is of the form indi­
cated above. When the velocity becomes larger 
but still smaller than the velocity at which all 
waves are washed downstream, the situation is 
less clear-cut. The theory of Trustrum (1964) is 
important in this respect. Using the Oseen ap­
proximation, she solved the initial-value problem 
of stratified-fluid flow in the presence of a dis­
turbance switched on at t = 0 at the origin. In 
most cases, she found disturbances propagating 
indefinitely far upstream and modifying the up­
stream velocity distribution. In short, except at 
the very highest supercritical speeds, it may well 
be incorrect to prescribe upstream conditions in 
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Fi']. 2. Schematic picture of blocking motion in flow 
of a continuously stratified fluid over an obstacle. 

constructing mountain-wave solutions, although 
the mathematical procedure in which these con­
ditions are given is a well-defined and determined 
one even for finite-amplitude disturbances 
(Miles, 1969). 

An immediate need would seem to be to solve 
the problem as an initial-value problem, and 
Trustrum's contribution is a valuable one. But 
there are uncertainties in her analysis stemming 
from the Oseen approximation. Indeed, in her 
solution the disturbance velocities are not small 
compared to the basic velocity. In addition, one 
form of blocking in a fluid system involves basic 
non-linearity in that finite-amplitude wave pro­
pagation is a fundamental feature. This is in the 
flow of a single-fluid or multiple-fluid system over 
an obstacle in a channel. It has been observed 
(Long, 1954) that finite-amplitude disturb­
ances frequently form ahead of the barrier and 
propagate upstream, changing the upstream ve­
locity and density profile. In some cases this 
occurs at high values of the Froude number in a 
regime of flow in which linear disturbances can­
not move upstream at all. In particular on a 
water-air interface, this blocking can occur when 
the original upstream flow yields a Froude num­
ber greater than one. The reason, of course, is 
that non-linear, finite-amplitude disturbances 
can travel at supercritical speeds and so can pen­
etrate upstream. 

In this paper, we investigate theoretically the 
non-linear, unsteady phenomenon of blocking 
waves in a two-fluid system and, as a special 
case of this, at a water-air interface. An experi-
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ment is also described in which good agreement 
with the theory is obtained with regard to dis­
turbances on a water surface. 1 

2. Flow of two fluids over an obstacle 

Consider the case of two superimposed fluids 
moving over a barrier in a channel. For simplic­
ity, we suppose the fluids are contained between 
two rigid planes at z = 0 and z = H. The flow with 
respect to the obstacle is shown in Fig. 3. We 
have assumed, in accordance with observations 
in a single fluid system (Long, 1954), that the 
upstream disturbance is in the form of a wave 
of elevation or depression moving upstream at 
speed c relative to the obstacle. In Fig. 4 we have 
chosen a coordinate system fixed with respect 
to the wave. Velocities in the coordinate systems 
are connected by the equations 

u 1a=u+c 

Uza =u +c 

hoo 
U1b =U1 +C=U1ah 

0 

(1) 

Momentum considerations. We may derive an 
equation governing momentum transfer through 
the entire depth of the fluid on either side of the 
wave in Fig. 4. This, together with a critical 
condition at the obstacle crest (see below) and 
the Bernoulli Equation are insufficient, however, 
to determine all quantities. We overcome this 

///r///////////r////////rlrlllll/1111 

-H-h0 P1 U H·h Uz H·h·b 
- oo H-hc-bc 

Fig. 3. Flow of two fluids over an obstacle. 

1 Yih (1969) has given a qualitative discussion of 
the disturbances that arise when an obstacle is in­
serted in a stream of water. 

• This is analogous to the assumption by Yih & 
Guha (1955) for the case where the upper surface 
is free. Their theory yielded good agreement with 
experiment. Yih & Guha also assumed hydrosta­
tics in the wave and a separate momentum con­
dition for each fluid. 
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Fig. 4. Flow of two fluids relative to a coordinate 
system moving with upstream wave disturbance. 

problem by deriving momentum equations for 
both layers of fluid ignoring the momentum ex­
change across the interface by viscous stresses 
from the velocity shear at the interface or by tur­
bulent mixing when the wave has the character 
of a hydraulic jump. It seems likely that this 
will be a reasonably good approximation for 
nearly laminar waves. The two momentum 
equations may be found from Fig. 4. Assuming 
a pressure :n:(x) on the upper rigid surface, we 
get for a time interval !:lt, 

= JH [ -(!.(J(y-H) + :n:a] dy 
hoo 

-JH [-e2g(y-H)+:n:b]dy-f pdy8 (2) 
ho D 

1 
- [(.11 U1b( U1b f:lt) ho - (.11 U1a ( Uia f:lt) hooJ 
At 

= J.h .. [ - e1 g(y- hool - e. g(hoo - H) + :n:a] dy 

_ J.h. [ -e1 g(y-h0) -e.g(h0 -H) +:n:b]dy 

+ Lpdy. (3) 

where the last integral in each equation is over 
the interface, y =y,(x). If we assume hydro­
statics in the wave, we have 

If we now assume• a mean value for :n:(x), i.e. 
:n:(x) = (:n:a + :n:b)/2, we get 
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(5) 

The momentum equations become 

(6) 

(7) 

Critical condition at obstacle crest. The two 
Bernoulli Equations linking conditions over the 
obstacle to conditions just upstream are 

e. u~(H - h0 )• 
n+ + e,gH =const. (8) 

2(H-h-b)2 

e1 uih~ n+e,g(H -h-b) +-- + e1 g(h+b) =const. (9) 
2h• 

Subtracting and evaluating the constant, we 
get 

We now differentiate (10) with respect to x. 
We get 

h'[e•u~(H -h0 )• _,_th ui h~ _ _ ] 
(H-h-b)• · h• (e1 e.lg 

-b' - "'" 0 + 
[ 

n u~(H - h )• ] 
- (H-h-b)• (e1 -e.lf! (11) 

where primes denote derivatives. Thus at the 
crest of the barrier where b' = 0, we must have 
h' =0, or 

We refer to this as the critical condition at the 
crest and, in accordance with observations of a 
single-fluid system (Long, 1954), assume that it 
is associated with the occurrence of a wave 
upstream. If N > 0, we say that conditions are 
supercritical. If N < 0, we say that conditions 
are subcritical. These reduce to standard defi­
nitions in the case of a single fluid. 

Bernoulli Equation. Finally, Eq. (10) applied 
at the crest is 

e. u~[ (H -h0 )• - l] _ e1 ui[~ - l] 
2 (H -he-be)• 2 h~ 

= (e1 -e,) g(he + be-h0 ) (13) 

We now use (1) to refer Eqs. (6), (7), (12) and 
(13) to conditions far upstream. We get 

[
(H- h )• ] e2 (u+c)• 00 -(H-h00 ) 
(H-h0 ) 

(!1 
[ h00 

] 
2 [h~ ] -~ (u+c)--c 2 -1 

2 h0 he 

Notice that these equations reduce to those for 
a single fluid if we put1 e2 = 0 or if we let H -+- oo. 

In the latter case g is replaced by "reduced grav­
ity", g' =g(e1-e.)/e1. Thus we have the well­
known result that a two-fluid system consisting 
of a very deep upper fluid behaves as a single­
fluid system in a reduced gravity field. 

(12) 1 We give a special discussion of this case in the 
next section. 
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Let us now non-dimensionalize with the fol­
lowing definitions: 

be H 
B = - r= - (17) 

c h •• ' h •• 

We also make the Boussinesq approximation in 
which we ignore differences in !h and !?• except 
in the gravity terms of the equations. Eqs. (14)­
(16) become 

(F+n{((:=~· -(r-l))R; 1 -(~-1) 

x (r-~-~)] = -~(1-R•) (r-~-~) (18) 

[(F+r) (r-1) _ r]' (r-R)• 
(r-R) (r-Rc-Bc) 3 

+ [(F+r) -r]•R• = 1 
R R~ (19) 

![(F+r)(r-l)_r]"[ (r-R)• -1] 
2 (r-R) (r-R0 -Bc)• 

_![(F+r)_r] 2 [R"_1] =R +B -R (20) 
2 R R~ c c 

Energy considermions. These equations may 
be solved for the unknowns r,R, RC although 
we do not present results in this paper in the gen­
eral case. In solving them, however, we must 
insure that there is no energy increase through 
the bore. We do this as follows: the energy equa­
tion for the fluid in any volume V with boundary 
Bis 

where e• is positive and the time differentiation 
is following the fluid which occupies the volume 
at time t. The quantity vn is the outward normal 
velocity at the boundary. If we apply (21) to the 
fluid originally between the two vertical solid 
lines in Fig. 4 we get 
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Using Eq. (1) and the sum of Eqs. (6) and (7), 
this may be written 

2e• 
(23) 

Using (14) in the form 

(u+c)•[2e2 (H-h00 ) 

g' e1 (H-h0 )(2H-h00 -h0 ) 

2h.. J 
+ h

0
(h

0 
+ h

00
) = 

1 (24) 

We get 

1 
2h00 2e, (H - h00 ) ---- + - -----~--

h.(ho + h00 ) (?1 (H - h0 ) (2H - h00 - h0 ) 

2e• 

(u + c) (h00 -h0 )• g' 
(25) 

Since the denominator in the first term of (25) 
is always positive, we may write 

(26) 

We investigate this condition by setting R = 
1 +e, where e is small. Then, approximately, 

(28) 

Thus ifs =(r-1) 2, then to this order, A >Oand 
so no disturbance of the type foreseen in this 
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analysis can propagate upstream. In the case of 
interest here, when s = 1 (Boussinesq approxi­
mation), (27) yields an energy loss for a hydrau­
lic jump when r > 2 and for a hydraulic drop 
when r < 2, i.e. when the depth of the lower fluid 
is less than or greater than that of the upper 
fluid. When s = 0, the results reduce to those for 
a single fluid, namely R > 1. 

3. Single-fluid system 

The equations of the two-fluid case are compli­
cated algebraically, and it is simplest to confine 
attention here to a theoretical and experimental 
study of the case of a single fluid. The equations 
corresponding to (18)-(20) may be obtained by 
putting!?• =0 in Eqs. (14)-(16). Then, in terms 
of the quantities in Eq. (17), (except with F 
replaced by the ordinary Froude number) we get 

2(F+r)•(~-l)=(l-R•) (29) 

R• [F+r - r]
2

=1 (30) 
R~ R 

! [F+r -r] [R• -1] =R-R -B (31) 
2 R R~ c c 

In these equations, B 0 and Fare given and r, 
Rand R 0 are to be determined. We do this as 
follows: we write Eqs. (29)-(31) as 

[
R(l +R)] t 

I'=-F+ 
2 

3 IR~ 
B =R--R +--

c 2 c 2R2 

(32) 

(33) 

(34) 

We fix F and R. Then Eq. (32) determines r, 
Eq. (33) determines R 0 and Eq. (34) determines 
B 0 • As the computation proceeds, Re may fall 
to zero. For higher values of B 0 the fluid is un­
able to move over the obstacle. In the plane of R 
and B

0 
this corresponds to the straight line B 0 

= R. On the other hand, r may be negative. We 
reject this solution since it corresponds to a 
blocking wave moving toward the barrier. The 
curve corresponding to r = 0 is 

B =R+__!__+!-~[R(l+R)]! (35) 
c 4R 4 2 2 

Finally, we reject all solutions corresponding 
to R < 1. The computed results are shown in 
Figs. 5-7. 

The experimental measurements related to 
this theory were performed in a long channel 
containing water of depth h00 using a long ob­
stacle. The obstacle is started up from rest in the 
channel and moved at constant speed for some 
time. The obstacle is drawn down the channel 
by a thin line wrapped around a cylindrical win­
der. The winder is driven by a variable-speed 
transmission and motor. To find u, or the vel­
ocity with which the obstacle moves down the 
channel, it is only necessary to know the rpm of 
the winder and its circumference. The velocity 
is then computed by counting a large number 
of revolutions. 

The obstacles were formed from thick sheets 
of plexiglas folded over crossribs cut to the de­
sired obstacle shape. Two obstacles were used, 
one 9.1 cm high and the other 2.0 cm high in a 
channel 15 cm wide. 

Leakage between the obstacle and the sides 
of the channel was a problem. The tendency, of 
course, is to lower the R-values when blocking 
occurs ahead of the obstacle. The leaking was 
reduced by widening the obstacle with thin 
sheets of plexiglas until the barrier could just 
barely pass down the channel. Leakage under 
the obstacle also occurred, but was minimized 
by weighing the obstacle down. The difficulty 
here was greatest at high speeds as the obstacle 
tended to lift off the bottom. 

Greater experimental difficulties arose in 
creating flows at the higher Froude numbers. 
As the speed of the obstacle increased, the time 
available to measure depths ahead of it was re­
duced. On the other hand, because variation in 
the denominator of F is as the square root of the 
depth, reducing the depth to increase F was not 
very effective. In addition the use of shallower 
depths increased the percentage error in the 
depth measurements. A combination of the above 
two methods was finally employed. By using 
an obstacle 2 cm high moving at a velocity of 
l! feet per second, a Froude number of approxi­
mately one was achieved for a ratio of B 0 =1. 

There were other difficulties at the higher 
Froude numbers. For example, the difference 
between the speed of the jump and the speed of 
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R 

Be 

Fig. 5. Solution of Eqs. (32)-(34) for Ras a function of Be and F. 

3.5 
Be 

Fig. 6. Solution of Eqs. (32)-(34) for r as a function of BC and F. 
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Fig. 7. Solution of Eqs. (32-(34) for R
0 

as a function 
of B 0 and F. 

the obstacle becomes so small as r -> 0 that there 
is very little space between the obstacle and 
jump in which to measure depths. Furthermore, 
the fluid immediately ahead of the obstacle be­
comes involved in the turbulence behind the 
jump so that the level h0 and hence R fluctuates 
to make measurements uncertain. 

Finally, some difficulty of measurement re­
sults from the curvature of the free surface 
against the glass sides of the channel due to sur­
face tension. This, together with the parallax 
misalignment of the observer's eye and the scale 
through the thick glass walls, added further 
error. 

Six quantities were measured in the experi­
ment: obstacle height b0 , water depth at rest h00 , 

the obstacle speed u, the level of water just ahead 
of the obstacle h0 , the speed of the moving up­
stream jump c, and the water depth above the 

0 Large Ob11ael1 

t:. SrnallOb1!act1 

Be 

Fig. 8. Experimental measurement of R, B
0 

and F. 
The theoretical curves are those in Fig. 5. The circles 
and triangles refer to the large obstacle and the small 
obstacle, respectively. 

Supercritical Flow 

r·o 

··~.~~~~,,...~~~~~, .• ~~~~-rl;,--~~~~,. 

Be 

Fig. 9. Observations at Froude numbers above the 
curve r = 0 in the supercritical region. 

crest of the obstacle he The non-dimensional 
quantities in the graphs in Figs. 5-7 may be cal­
culated using these six quantities. The measuring 
equipment consisted of a metric scale graduating 
in millimeters and a standard stop watch. It is 
estimated that depth measurements are accu­
rate to 0.5 mm and time measurements to 0.1 
sec. 

The channel sloped about 2 mm/meter in the 
direction of motion of the obstacle. Since the 
water surface is initially level, h 00 varies when 
measured at different stations by as much as 
4 mm over the 2 meter-long path of the obstacle. 
Since h00 is used to calculate B 0 , F, R, R 0 and 
r, a corresponding error is introduced in all these 
values as well. This was minimized by using an 
average depth h00 over the path of the obstacle 
and by measuring all other depths relative to 
the level of the resting water surface. This error 
tended to lower the measured R-values but some 
compensation was provided by a small parallax 
error of about 0.5 mm in reading the water level 
ahead of the obstacle and by an error due to the 
surface tension lip at the side of the channel. 

The most accurate of the measured quanti­
ties is the Froude number since the obstacle 
speed can be measured very accurately as noted 
above. Some of the experimental results are 
shown in Fig. 8 in which data is entered on the 
theoretical curves of Fig. 5. The agreement is 
generally good but, as explained above, the data 
becomes less accurate and more difficult to ob­
tain at the higher Froude numbers. Indeed, no 
attempt was made to obtain measurements when 
the jump spread was low (r near zero). We did 
verify the r = 0 curve, however, in that super­
critical flow was observed above this line. Two 
cases are shown in Fig. 9. 

Fig. 10 taken from Fig. 7 shows measurements 
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0.5 

o.4 

Re 

0.3 

0.2 

0.1 

0 
0 Be 

0.7 

0.6 

0.5 

Fig. 10. Experimental measurements of Re, F and 
Be. The theoretical curves are those of Fig. 7. 

of Re. The agreement is rather poor since, as we 
have noted, it was very difficult to get accurate 
measurements of he. This was especially true at 
the higher Froude numbers and velocities. The 
main tendency was to read the depth h0 ahead 
of the obstacle rather that the smaller depth he. 
This resulted in he values being too large in 
most cases as shown by the data. Only in regions 
of deep water were the measurements in rea­
sonably good agreement with calculations. 

By way of contrast, there is no single direc­
tion of the error in the measured values of r as 
we see in Fig. 11 taken from Fig. 6 of the theory, 
One source of error in measuring wave speeds 
comes from the ± 0.1 sec error in the stop-watch 
readings since there was no way to increase the 
measuring times. A measured length of 6! ft 

Tellus XXII (1970), 5 

was used, and an average absolute time for the 
wave to travel this distance might be 2.6 ±0.1 
sec corresponding to a 4% error. This yields an 
average velocity of 2.5 ± 0.1 ft/sec. Subtracting 
the accurately determined obstacle speed from 
this to give the relative velocity between the 
jump and the obstacle lowers the magnitude of 
the relative velocity to about 1 ft/sec on the 
average, and the error is now about 10%. Most 
of the measured values of r were within a 10% 
error of the calculated values, and in most cases 
the error was not in any one preferred direction. 
An additional source of error in measuring speed 
of the jump occurs at the lower Froude numbers. 

00~-----1~.0------2~.o 

Be 
1.0,---------r-------, 

o~-----~-----~ 0 LO 2.0 
Be 

Fig. 11. Experimental measurements of r, F, and 
Be. The theoretical curves are those of Fig. 6. 
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When F is in the range 0.0-0.3 the upstream 
disturbance is in the form of an undular hydrau­
lic jump which appears as a series of long, low 
waves. Finding a fixed point in the first wave 
was a recurring problem. Furthermore, the situa­
tion may not have been steady in that the suc­
ceeding waves traveling behind the first one may 
not have been moving at the same speed. 

In the regime of totally blocked flows, the 
measured values of R in Fig. 8 remain constant 
with Be, since the precise height oftheobstacle 
is of no importance once total blocking occurs. 
The measured value was generally slightly less 
than the value of F at which the corresponding 
Froude-number curve in Fig. 5 crosses the line 
R =Be. This discrepancy was probably due to 
the increased importance of leakage at the low 

depths corresponding to large values of Be. The 
upstream jump in the totally-blocked case is the 
same as the partially-blocked case at the same 
Froude number. 

Mention may be made of the transition to 
subcritical flow. The subcritical region begins 
at the predicted value of F and Be. Transition 
from the blocked flow to the subcritical flow 
occurs as the upstream wave disturbance be­
comes smaller and smaller and finally can no 
longer be detected. 
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3<l><l>EKT BJIOKMPOBAHlUI B IIOTOKE HA)]; IIPEIIHTCTBMEM 

II poAeJiaHo TeopeT1Piec1we 1:1ccJie):\osamrn 110-

TORa ABYCJIOilHoil lRHl:\ROCTH Hal:\ 11pe11HTCTs1:1eM. 
Ocoooe BHl:IMaHl:le oopa~eHO Ha pac11pocTpaHe­

H1:1e B03My~eHl:lll: BBepx 110 TeqeHHIO, ROr):\a 
11pe11HTCTBl:le Haq1:1HaeT ):\Bl:lraThCH 1:13 COCTOHHl:IH 

llOROH B ):\Jil:IHHOM RaHaJie. 3TOT BalRHh!Jl: B011poc 
CBH3aH c OJIOimposaHHeM, ROTopoe HMeeT MeCTO, 

ROr):\a CTpaT1:1<J>1:1111:1posaHHaH lRl:l):\ROCTh, 110-

):\00HaH aTMoc<J>epe, ):\Bl:llR0TCH Ha):\ npe11HT­
CTBl:IHMl:I. PeayJihTaThl aHaJI1:1aa 1101:\TBepm)l;aJOTCH 

3RCnep1:1MeHTaMl:I B c11e11HaJihHOM CJiyqae B03-

My~eH1:1Jl: Ha 11osepxHOCT1:1 paa):\eJia BOAa-soa­

AYX· BJioR1:1posaH1:1e coa):\aeTcH 6opoll:, ABH­
my~eilcH s11epel:\H 11pe11HTCTBl:IH 1:1 yseJI1:1q1:1-

naro~ell: rJiy61:1Hy ssepx 110 TeqeH1:1ro. HsJieH1:1e 
HecTaQl:IOHapHo; OHO TaRme H0Jil:IHell:Ho. Ilo­

CJI0):\Hee 110):\TBepm):\aeTCH TeM <f>aRTOM, qTO 110-
TOR BBepx 110 TeqeHl:llO MOlReT Oh!Th B03My~eH, 
):\ame ROr):\a ycJIOBl:IH He ):\OllYCRaJOT pac-

11pocTpaHeHl:IH 00CROHeqHQ MaJih!X B03My~eHl:IJl: 
BBepx 110 TeqeHHIO. 
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