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ABSTRACT 

A preliminary analytical study has been made of the synoptic situations associated 
with thunderstorms that initiate upward-moving leaders from the towers on the Mt. 
San Salvatore near Lugano, Switzerland. Synoptic situations at the time of the lightning 
occurrences were divided into six categories based on the surface weather and flow 
pattern during the period 1967-1969 at Lugano. Cloud thicknesses were estimated 
from the LFC (Level of Free Convection) and LCL (Lifting Condensation Level) from 
the mean sounding at Milan. Large cloud thicknesses were found to  be associated with 
the combined upward and downward discharges and smaller cloud thicknesses were 
associated with only upward discharges (flashes initiated by upward moving stepped 
leaders). Furthermore, the large cloud thicknesses were associated with the thunder- 
storms that had proportionally more flashes to the surrounding countryside than to 
the tower itself. We offer the speculation that the difference in upward and downward 
discharges to the towers with associated synoptic situations may be explained on the 
basis of a deficiency of large raindrops which are believed to  be necessary for the initia- 
tion of downward discharges. 

1. Introduction 

Studies of synoptic conditions associated with 
thunderstorms and studies on the physical char- 
acteristics of the lightning flash have been pur- 
sued for years-and always independently. The 
different time and spatial scales suggest that  
there is no reason to consider these atmospheric 
phenomena in any other way. And yet, observa- 
tions in the 1960's a t  the Mt. San Salvatore 
Lightning Observatory suggested that certain 
types of lightning are associated with different 
synoptic situations. The latter do not need 
further discussion but the different types of 
lightning are easier understood by considering 
the Lightning Observatory in more detail. 

The observatory was established on Mt. San 
Salvatore (45"58' N, 8"55' E) near Lugano, 
Switzerland in 1943 (Fig. 1). A tower was erected 
on the highest peak of the mountain (912 m 
above mean sea level) and instrumented to  ob- 
tain electric current oscillograms of the lightning 
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flash. This tower was replaced in 1958 by a 
new construction which serves as a lightning 
research station and as a radio and television 
tower. This tower is referred to as T1 (Berger, 
1967), and was 70 m high until 1969, when its 
height was increased to 92 m. A second tower 
(T2), erected in 1950, is used only for lightning 
research. It is located on a second peak, a t  a 
distance approximately 400 m from T1, and 
its top is about 47 m lower than that of T1. 
T2 is 70 m high. The setting of both towers 
with respect to  the city of Lugano is shown in 
Fig. 1. 

Continuous operation of this observatory from 
the spring to fall of each year indicates that  
the two towers are involved in approximately 
100 lightning flashes per year. These flashes 
may be initiated within a cloud and the result- 
ing stepped leader propagates toward the towers 
to  produce the characteristic branching in the 
direction of the ground (Fig. 2). These are the 
downward (cloud-to-ground) flashes which have 
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Fig. 1.  Perspective of twin towers atop Mt. San Salvatore, Lugano, Switzerland. 

been extensively studied and whose charac- by the presence of the towers. I n  tlicsc cases, 
teristics are summarized by Uman (1969, pp. the stepped leader propagates from the towers 
1-10). On the other hand, it is not so well to the clouds to produce an upward (ground- 
known that flashes can be initiated or triggered to-cloud) flash with characteristic branching 
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Fig. 2. Downward lightning flash (cloud-to-ground) to T2. 

pointing towards the clouds (Fig. 3). These up- 
ward discharges-sometimes termed “triggered” 
discharges-are not unique to the Mt. San Salva- 
tore towers but are also often observed from 
other tall structures such as the Empire State 
Building (McEachron, 1939). Triggered lightning 
has also occurred from planes and rockets, and 
the general characteristics of ’ triggered dis- 
charges have been summarized by Pierce (1972). 

Approximately 80 yo of the discharges in- 
volving the Mt. San Salvatore towers are up- 
ward flashes. It has been observed, however, 
that individual storms produce a series of strikes 
involving the towers which are nearly all up- 
ward flashes or all downward flashes. Observers 
have noted the high fraction of upward flashes 
which seem to be associated with frontal pas- 
sages. Furthermore, the occurrence of pre- 
dominately downward flashes seems to be as- 
sociated with air mass thunderstorms. It is the 

purpose of this study to determine in fact 
whether there are characteristic synoptic situa- 
tions which can be associated with the type of 
discharge involving the San Salvatore towers. 

2. Data and Analysis 

Climatological survey of lightning occurrence 
A thunderstorm day is defined as a local 

calendar day on which thunder is heard (WMO, 
1953). A report of distant lightning in the ab- 
sence of thunder would not be counted as a 
thunderstorm day. Published tables by Berger 
(1967) show that the number of thunderstorm 
days for the period 1955-1963 has a mean value 
of 51 for March to  October, the time that the 
observatory is normally operating. A seasonal 
variation is evident with a minimum frequency 

Tellus XXVI (1974), 4 

33 - 142893 
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Fig. 3.  Upward lightning flash (ground-to-cloud) from TI. 

in the early spring and fall and the maximum 
frequency during tho summer period. 

An examination of the flashes involving the 
towers with respect to the direction of stepped 
leader propagation shows that upward flashes 
predominate and that T I  is hit more often than 
T2 (Bergcr, 1967). 

Thunderstorms producing two or more oscillo- 
grams during the period 1967 to 1969 are divided 
into two different groups, frontal and non- 
frontal. Tho data used in the selection process 
consisted of northern hemisphere 1000-500 mb 
thickness charts with surface isobars analyzed 
at 8 mb intervals and available a t  0000 and 
1200 GMT; northern hemisphere surface charts 
analyzed a t  8 mb intervals and available a t  
0000, 0600, 1200 and 1800 GMT and northern 
hemisphere 500 mb charts available a t  0000 
and 1200 GMT. The data source was the United 
Department of Commerce, Environmental Data 

Service, National Climatic Center, Asheville, 
North Carolina. 

Frontal type thunderstorms are categorized 
as follows: ( 1 )  low pressure wave along the front 
(WCF) as defined by the existence of one closed 
isobar with the center of low pressnre located 
within 200 km of the station, (2)  post-cold front 
(POCF) in the following 3 to 12 hours after 
frontal passage wit,h the front within 50 to 200 
km of the station, (3 )  pre-cold front (PRCF) in 
the 3 to 12 hour period prior to frontal passage 
with the front within 50 to 200 km of the sta- 
tion, and (4) cold front passage (CFP) within 
three hours of the time of discharges to the 
tower and the front within 50 km of the station. 
Note that no case in category 1 is included in 
categories 2-4. The criteria are arbitrary and 
are based upon synoptic experience. 

Non-frontal types are sub-divided into two 
categories as follows: (1) low center as defined 
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Table 1. Number of thunderstorms producing more than two current oscillograms for frontal and non- 
frontal categories at Mt.  S u n  Salvatore (1967-1969) 
Sub-categories are described in the text 

Number March April May June July August Sept. October 

Frontal Category 
WCF 6 
CFP 7 
PRCF 3 
POCF 7 
Total 23 

Non-frontal 
Low 6 
Air 17 
Total 23 

1 1 
1 2 
0 0 
0 0 
2 3 

0 2 
4 3 
4 5 

1 0 
0 0 
1 1 
0 0 
2 1 

0 1 
1 1 
1 2 

by the presence of at least one closed isobar 
(LOW) within 200 km of the station and no 
analyzed surface fronts, and (2 )  to the south 
of the eastern extension of the Atlantic sub- 
tropical anticyclone with cyclonic curvature in 
the surface isobars within the vicinity of the 
station or no well defined synoptic pattern but 
usually under a very weak anticyclonic regime 
(AIR). This latter category includes air mass 
type thunderstorms. 

(i)  Thunderstorms producing two or more current 
oscillograms during 1967-1969: 46 cases 

The lightning data in Tables 1 and 2 were 
obtained from Mr H. Binz of the Mt. San 
Salvatore Lightning Observatory. The meteoro- 
logical classifications in these tables are de- 
scribed above. 

There are 46 thunderstorms equally divided 
between frontal and non-frontal types. The 
number of thunderstorms for different sub- 
categories is shown in Table 1. No obvious sea- 
sonal preference for different types of thunder- 
storms is indicated. Air mass thunderstorms are 
found in 17 cases with a maximum of 12 upward 
flashes compared to frontal type thunderstorms 
in 23 cases with a maximum of 41 upward 
flashes. Similarly, the data indicate a larger 
number of lightning flashes from the towers to 
the cloud associated with frontal type thunder- 
storms and was first observed by the San Salva- 
tore observers (Berger, private communication). 

No time preference is indicated for air mass 
type thunderstorms although the three year 
sample size is small. Perhaps orographic lifting 
of a moist air stream from the Mediterranean 
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along the southern slopes of the Alps serves to 
trigger the conditional instability in such syn- 
optic situations. Some of these storms may drift 
northward in turn. This should be contrasted 
with the more typical late afternoon or early 
evening air mass type thunderstorm over the 
interiors of featureless continents under a mari- 
time-tropical air flow. 

The smallest category proved to be pre-cold 
front thunderstorms with only three cases. 
Evidently approaching cold fronts from the 
northwest of the Alps usually advance very 
slowly southeastward and the observatory re- 
mains in a warm sector with a very weak surface 
convergence that is unfavorable for orographic 
lifting in general. 

(ii) Fifteen selected cases during 1964-1969 
Many of the 46 thunderstorms discussed in 

the previous section produced only downward 
discharges to the towers or a very high per- 
centage of downward strikes. Personal observa- 
tion by one of the authors (Orville) during three 
summers and continuous observation by the Mt. 
San Salvatore observers has easily identified 
these cases with air mass thunderstorms. The 
purpose of this preliminary study, however, is 
to examine in detail the synoptic weather pat- 
terns associated with numerous upward dis- 
charges. Consequently, fifteen cases during the 
period 1964-1969 were selected for further study 
on the basis of having predominately upward 
discharges from the towers. The synoptic data 
source described earlier was supplemented by 
the European Surface Weather Maps published 
by Deutscher Wetterdienst at 0000 and 0600 
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Table 2. Fijteen selected cases of tower flashes for different synoptic situations (1.964-1969) 

Surface weather at the time of the lightning occurrence 
(Personal observations by H. Uinz at the Aft. San 

Day/ Salvatore Lightning Observatory) 
Cate- month/ 
gory LST year Flashes Precipitation Wind 

WCF 2235-0018 7-8 July 1969 12 upward 
WCF 0227-0517 7 May 1966 29 upward 

WCF 0134-0417 15 June 1964 1 downward 
17 upward 

CFP 0716-0752 7 July 1969 3 upward 
CFP 0853-0930 17 July 1966 2 downward 

6 upward 
CFP 1638-1757 2 May 1967 2 upward 

CFP 0003-0004 5 Aug. 1967 2 upward 
2237 4 Aug. 1967 1 downward 

POW 1147-1351 3 May 1967 41 upward 

POCF 1839-1912 4 June 1968 9 upward 

PRCF 2241-0233 15-16 Oct. 1966 35 upward 

PRCF 1126-1236 2 Oct. 1967 18 upward 
PRCF 1535-2047 1 May 1967 3 downward 

23 upuard 
LOW 0205-0625 12 Sept. 1965 1 downward 

42 upward 
AIR 2213-0158 27-27 July 2 downward 

1967 6 upward 
AIR 2244-0109 1 Oct. 1967 12 upward 

Rain (moderate) 
Rain (moderate) 
03:09 Hail (light) 
Rain (heavy to moderate) 

Rain (heavy) to  no rain 
Rain (moderate) 

Rain (moderate) 
Rain (heavy) 
Rain (light) 
11:25 Rain and small hail 
11:33 Rain and snow 
11:40 Rain (heavy) and hail 
12:07 Snow and sleet, snow to 
end of storm 

Itain (moderate) 

Rain (moderate to  heavy) 

Rain (heavy) 
Rain (light-heavy-moderate) 

Rain (moderate to  heavy) 

Rain (moderate to heavy) 

Rain (moderate) 

and hail 

N'CV (strong) --f NE 
N (strong) 

N 

S (moderate) 
Calm 

Calm 

NW 

N (strong) 

ESE (modorate to  

NE (moderate) + SSW 

Calm 
WNW (strong) + N 
(moderate) + NE 

N 

S (weak)-tN-tNW 

Calm 

strong) 

(strong) + ESE 

(moderate) 

GMT. Radiosonde data were obtained from Milan 
(45"30'N, 9"15'E, about 50 kni south of the 
lightning observatory) at 0000 and 1200 GMT. 
This was tho closest station to the observatory 
for which we could obtain such data. 

Composite 500 mb height charts were con- 
structed for these cases in an effort to better 
understand the synoptic patterns. Fig. 4a, 4b, 
and 4c show the 500 mb height patterns 24 
hours prior to, a t  the time of, and 24 hours after 
the time of lightning occurrence. A linear inter- 
polation and inverse weighting scheme in time 
was used for those cases between regular radio- 
sonde observations. 

During the 48 hour period centered on the 
time of lightning occurrence, an initially con- 
fluent trough in the westerlies moves east- 
ward. The southern portion of this trough in- 
tensifies leading to a diffluent pattern in the 
southern branch of the westerlies over northern 

Italy. Such synoptic patterns are often associ- 
ated with active surface weather regimes. The 
pattern a t  300 mb (not shown) is quite similar 
such that a strong upward increase of cyclonic 
vorticity advection at the time of lightning oc- 
currence (Fig. 4 b )  suggests significant synoptic 
scale upward motion accompanying the surface 
cyclone. Active surface fronts were noted in 12 
of the 15 cases (Table 2). 

Table 2 summarizes the local weather and 
lightning conditions for the 15 cases under dis- 
cussion. Upward flashes predominate across the 
different synoptic classifications for this rather 
limited sample size. No downward flashes were 
observed for the two post-cold front cases. Solid 
precipitation is observed in three cases cor- 
responding to three out of four of the most 
numerous lightning flash observations. Simi- 
larly, stronger surface winds appear to be as- 
sociated with more frequent flashes. This is 
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Fig. 4. Composite 500 mb charts for 24 hours prior 
to lightning occurrences (a) ,  at  time of occurrence 
b ) ,  and 24 hours after occurrence ( c ) .  Heights in, 
dekameters. Solid triangle indicates observat,ory 
location. 

probably due to two effects: (1) strong upward 
motion induced from strong low level conver- 
gence in connection with an upper level trough, 
and ( 2 )  terrain induced upward motion of moist 
air. This strong upward motion of moist air is 

Tellus XXVI (1974), 4 

favorable for charge separation and the occur- 
rence of lightning. 

The mean freezing level is found a t  690 mb 
and 750 mb for cold front and post-cold front 
passages respectively. A maximum height of 
630 mb and a minimum height of 790 mb were 
noted on 4 August and 3 May of 1967 respec- 
tively. The mean freezing level is found at 715 
mb and the lifting condensation level (LCL) is 
computed as 940 mb for frontal type thunder- 
storms. The corresponding numbers for non- 
frontal type thunderstorms are 700 mb and 
980 mb respectively. 

( a )  Mean conditions for upward and combined 
upward and downward flashes to the towers. Nine 
thunderstorm cases consisting of only upward 
flashes and six cases having mostly upward 
and a few downward flashes to the towers make 
up our sample. Figure 5 indicates the mean 
Milan soundings for both types of cases. The 
freezing level is found at  690 mb and the lifting 
condensation level is computed to be 955 mb 
for the combined upward-downward cases. The 

/ / / I 

TEMPERATURE ("C) 

Pig. 5. Mean soundings at  Milan for upward and 
downward flash thunderstorms (solid) and upward 
flash thunderstorms (dashed). Temperature is re- 
presented by open circles and dew point tempera- 
ture by open squares. 
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TEMPERATURE PC) 

Fig. 6 .  Mean soundings at Milan for thunderstorms 
of less than 18 flashes (solid) and more than 18 
flashes (dashed). Temperature is represented by 
open circles and dew point temperature by open 
squares. 

corresponding numbers for the upward cases 
alone are 720 mb and 935 mb. I n  general the 
mean upward flash sounding is 2°C colder than 
the mixed flash casc with the exception of the 
350 mb region. Also, the air for upward flash 
cases alone had a higher relative humidity be- 
tween 1 0 0 0  and 700 mb and a lower relative 
humidity between 700 mb and 500 mb than in 
the combined upward and downward cases. 

For the upward flash cases alone, frontal or 
orographic lifting could readily result in cloud 
tops extending to approximately 6 km (as 
estimated from the top of the level of free con- 
vection) and cloud bases a t  500 in (as estimated 
from the base of the level of free convection 
and LCL) or below the tower. Similarly for the 
combined upward and downward cases, cloud 
tops could reach approximately 8.5 km in the 
presence of frontal or orographic lifting although 
the initial energy input to trigger convection 
would be somewhat larger than in the upward 
case alone. Attempts to verify the cloud top 
estimates using records of the vertical pointing 

radar at Locarno-Monti, approximately 25 km 
from the Mt. San Salvatore, have not been 
possible. 

A tentative conclusion is made that the larger 
cloud thicknesses are associated with combined 
upward and downward flashes while the smaller 
cloud thicknesses are associated with only up- 
ward flash thunderstorms. This is consistent 
with the observation that clouds of small ver- 
tical dimension do not have enough electrical 
activity to initiate a lightning flash, but can be 
“triggered” by the presence of a tall tower to 
produce an upward flash. A similar flash was 
triggered by the presence of the Apollo/Saturn 
12 vehicle in the clouds over Cape Kennedy on 
14 November 1969. Furthermore, the fact that 
upward and downward flashes to the towers 
are associated with larger cloud thicknesses is 
consistent with previous observations that the 
electrical activity of a cloud increases with its 
vertical extent; thus increasing the probability 
of a cloud initiating a flash; i.e., a downward 
flash to the towers. 

( b )  Mean  conditions for frequent versus non- 
frequent tower flashes. A division in the data at 
18 or more flashes and 12 or less is a natural 
separation in the data. We now examine these 
to see if any significant differences exist be- 
tween thunderstorms. I n  general the flashes to 
the towers are recorded in a time span of less 
than or equal to three hours. Note that thunder- 
storms with more than 18 flashes to the towers 
are not necessarily more violent or active. 
Summertime observations indicate that very 
active thunderstorms may produce few strikes 
to the towers but many strikes to the surround- 
ing areas, lake, city or side of the mountain. 
There arc 7 cases with 18 or more flashes and 
8 cases with 12 or less flashes. 

The mean freezing level is 730 mb for thunder- 
storms with 18 or more flashes and 688 mb for 
thunderstorms with 12 or less flashes involving 
the towers. Evidently this represents a seasona,l 
difference, as there is a higher frequency of 
flashes in the spring and autumn with a lower 
freezing level as compared to a lower frequency 
during the summer period with a higher freez- 
ing level (Table 2) .  

Mean soundings for both cases are shown in 
Fig. 6. It is colder throughout the troposphere 
for the more numerous flash cases. Similarly 
the moist layer extends to 600 mb for these 
cases as compared to 700-650 mb for the fewer 
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flash cases. A similar computation as before 
suggests that cloud tops may reach 6300 m 
and 9000 ni for both cases respectively. Again, 
cloud thicknesses appear to be inversely pro- 
portional to the lower flash activity with cloud 
bases a t  approximately the same height for 
both cases. Small cloud thicknesses are con- 
sistent with many “triggered” flashes. With 
large cloud thicknesses, many discharges are 
initiated within the clouds and strike the ground 
a t  random places; some of the strikes are, of 
course, to the towers. 

(iii) Correlations 
A study was made to determine if there was 

any correlation between the height of the freez- 
ing level above the towers and the number of 
flashes involving the towers. One hundred 
thunderstorms producing 786 flashes involving 
the towers between 1962 and 1970 were exam- 
ined. The height of the freezing level was es- 
timated from the Milan soundings. Since a 
sounding did not usually occur at  the time of 
the lightning strikes, the two nearest soundings 
were used; one before the storm and one after. 

The heights of the freezing level before and 
after the storm were plotted vs. the number of 
lightning strikes involving the towers on 100 
thunderstorm days. There was no significant 
correlation. The 100 thunderstorm days were 
then classified into the following synoptic situa- 
tions; cold air instability, warm air instability, 
cold trough aloft, cold air overrunning, cold 
front, warm front, and occluded front. The 
heights of the freezing level before and after 
the storm were plotted vs. the seven synoptic 
situations. There was no significant correla- 
tion for the fourteen plots. 

Furthermore, the height of the freezing level 
was plotted vs. the number of strikes per hour 
for cold air overrunning and cold trough aloft 
situations; those situations producing a high 
density of lightning strikes. No significant cor- 
relations were found. 

3. Conclusions and Discussion 

The present study is not intended to be a 
thorough analysis of all the available synoptic 
data associated with the many thunderstorm 
days and their associated strikes to the Mt. San 
Salvatore towers. It does, however, analyze a 
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reasonable fraction of the available data to put 
on a quantitative basis the increased frequency 
of upward discharges associated with cold front 
passages. Based on the present investigation, 
we can summarize our results as follows: 

(1) Thunderstorms producing the most light- 
ning flashes involving the towers are associated 
with frontal systems. 

(2) The mean freezing level and the lifting 
condensation level (LCL) are lower in upward 
flash cases than those cases involving upward 
and downward flashes. 

(3) Cases involving both upward and down- 
ward flashes are associated with larger cloud 
thicknesses relative to only upward flash cases 
which are associated with clouds of relatively 
smaller vertical thickness. 

(4) Larger cloud thicknesses appear to be 
associated with thunderstorms producing less 
than 18 strikes to the towers; smaller cloud 
thicknesses associated with more than 18 strikes 
to the towers. 

(5) Only upward flashes from the towers 
were found in post-cold front situations while 
in the other situations both directions were 
found. 

There are no measurements taken on Mt. 
San Salvatore which allow us to specify the 
physical characteristics of the precipitation in 
storms producing flashes which involve the 
towers. We can, however, make a few qualita- 
tive observations. 

The difference between upward and down- 
ward flashes is determined entirely by the point 
of initiation of the lightning flash. This is de- 
pendent upon the attainment of electric fields 
which are sufficient to cause breakdown. In a 
cloud, the cloud-to-ground discharge is pos- 
tulated to begin with positive corona from large 
water drops (Loeb, 1953, 1966; Pierce, 1957). 
Under these conditions we would expect both 
downward and upward discharges involving the 
Salvatore towers. On the other hand, if a defi- 
ciency of large water drops exists in an electri- 
fied cloud, then we would expect a preponder- 
ance of upward discharges from the towers. 

Recent results have been published by Roesli 
& Waldvogel (1972) in which they studied the 
rain types of the Locarno region and developed 
a tentative climatology of 2-R relations. If 
the parameter a of the 2-R relation is inter- 
preted in terms of the drop-size distribution a 
striking feature is found. The only rain type 
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with a sizeable amount of very large drops (3-5 
m m  diametcr) are the  non-frontal local thundcr- 
storms. All other types, including frontal thun-  
derstorms show narrower drop-size distributions 
with the  largest drop diameters rarely excecd- 
ing 3 mm. 

Consequently, in  the absence of further cx- 
perirnental evidence, we conclude t h a t  there is 
sufficient reason t o  suggest that varying rain- 
drop-size distributions m a y  be responsible for 
the  preponderance of upward flashes in  cold 
front passages vs. non-frontal local thunder- 
storms which produce numerous downward 
flashes and occasional upward flashes from the  
towers. 

Of additional interest are the  observations by  
onc of the authors (Roesli) living in the  Lo- 
carno region arid another (Orville) during three 
summer field studies. Their observations, 
not  supported by measurements, suggest t h a t  
a greater proportion of intracloud discharges 
occur during synoptic conditions characterized 
b y  widespread rain (narrow drop-size distribu- 
tion) as compared to  non-frontal local thunder- 
storms. Thc significance of this observation 
rests on t h e  suggestion by  Berger (1967, p. 524) 
t h a t  upward discharges are secondary flashes 
and occur only in  response to  a distant primary 
flash. It is suggested t’hat the  distant flash pro- 

ducas a high transient electric field at the  tower 
top t h a t  is sufficient t o  initiate a discharge from 
the  tower. Consequently, synoptic situations 
characterized by  a high proportion of intra- 
cloud discharges would be expected t o  produce 
a high proportion of upward discharges. E x -  
pcriments to check Berger’s interesting sugges- 
tion are now (1973) in progrcss at the  Mt. Sari 
Salvatore Observatory. 
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II P E A B AP H T E JI b I1 0 E H3Y Y E H B E CB H 0 I2 T H Y E C K H X Y CJI 0 B H m, C B F13 A H I-I LI X CO 
BCIILIUIKAMH MOJIHHm HAA r. CAH-CAJIbBATOPE (JIYPAIIO, IIIBE84APklFI) 

ITpoAenarro n p e n s a p m e n b I < o e  a I I a n m m e c i i o e  
~ a y . r e a ~ e  C r n H o n T w i e c m x  cwryaqmil, C B F I ~ ~ H -  

U n e c F i  B s e p x  minepb1 OT 6 a r u e ~  H a  r. C a H -  
C a n b s a T o p e  ~ 6 ~ 1 1 4 3 ~  J I y r a H o ,  LLInefiqapm. CHH- 
O n T r n q e c m e  c ~ r ~ y a q m  DO BpeMcr  rpo3 6brna 
p a ~ n e n e ~ b ~  H a  m e c T b  H a T e r o p x f i  B B ~ B H C H -  

IIOTOKOB 3a n e p H o n  1967-1969 rr. B JIyraao. 

H a  o c H o B e  c p e n H e r o  ~ O H ~ H ~ O B ~ E I H I - ~  B M m i a H e .  

I IbIX C TPOSBMH, KOTOPbIe B O 3 6 y X g a I O T  A B H X Y -  

MOCTH OT I I O r O n b I  y IIOBepXHOCTH PI BO3AyIUHbIX 

TOJII l lHHbI O ~ J I ~ K O B  O q e H H B a J I H C b  I I O  Y p O B H I o  
CBO6OAHOfi K O l I B e R q H H  If YPOBHIO KOHKeHCaqHPl  

BbIJ IO  H a f i n e K O ,  YTO 6onbruae T O J I ~ l l H b I  O ~ J I ~ I E O B  
C B R 3 a H b I  KBK C HAYWHMH B B e p X ,  T a K  I4 B H H 3  pas- 

PFIAaMH; B TO ?% BpeMFI  MeHbIIIMe T O J I 4 H I I b I  
0 6 n a ~ o ~  CBFI3aHbI TOJIbKO C B B e p X  H R Y U H M H  
p a 3 p R A a M H  (BCIIbIIUIFH, B 0 3 6 y X n a e M b I e  ABLIMy- 

H p O M e  TOrO, 6onbruure T O J I ~ Y l H b I  O ~ J I ~ H O B  CBFI- 
3 a H b I  C r P 0 3 a M H ,  KOTOPbIe  HMeIOT I I p O I I O p q H O -  
H a J I b H O  6onbme BCIIbIIIIeK B O I F p y X a I o I Q y I o  
MeCTHOCTb, YeM B CaM FOPOR. MbI B b I C K a 3 b I B a e M  

ti B H H 3  B SaBHCHMOCTH OT CHHOIITHYeCHOfi CH- 
T y a q H H  M O X e T  6 b I T b  0 6 a F I C H e H a  HeROCTaTHOM 
BOJI~I I IHX A O X n e B b I X  K a I I e J I b ,  KOTOPbIe,  IFaK 
HSBeCTHO, HeO6XOjQ4MbI AJIFI B036yXF~p3HHf1 HAY- 
W X X  BHMS pa3pFIAOB.  

U H M H ~ F I  B s e p x  C M e U a m r q m m c J x  m n e p a M a ) .  

npegnonoxteme, YTO p a 3 ~ ~ q a  ~ ~ ~ P F I A O B  snepx 
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