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Abstract. Samples of the leaf tissue (14 cm ~) were placed in a plexiglass chamber which con- 
sisted of three parts. Water absorbed by the leaf tissue on one side of the sample was transported 
through the middle part of the sample to the opposite side and was transpirated there. The in. 
tensity of transpiration the intensity of water absorption and water saturation deficit (w.s.d.) were 
determined simultaneously in this tissue by gravimetry. Water balance was studied either in 
saturated samples of leaf tissue or in tissue where w.s.d. (10%, 20~o, 30~o, 40%) was established 
in advance. Although conditions for water absorption in leaf segments were optimal, w.s.d, 
originated in the saturated leaf tissue under all given external conditions (evaporation from 41-7 
to 17.8 mg cm -2 h-l). W.s.d. which was established in advance for the most part increased 
during the experiment and reached even high values (more than 60~/o). The equilibration was 
reached only under conditions of low evaporation and initial w.s.d, higher than 20~o in young 
leaves and higher than 30~o in adult leaves. A positive correlation between the ratio of the 
intensity of water absorption to the intensity of transpiration and w.s.d, was found only under 
conditions of lower evaporation (17.8 and 23.2 mg cm-~h-1). The maximal values of w.s.d, were 
limited in this way. 

Water balance was studied: 1. in leaf tissue of upper, middle and lower leaves of fodder 
cabbage, 2. in leaf tissue of middle leaves of young and adult plants of fodder cabbage, 3. in leaf 
tissue of dicots (fodder cabbage) with different vessel orientation in respect to water transport, 
4. in leaf tissue of monocote (banana-tree) with water transport upright to the vessel orientation. 

Considerable change of water balance was observed when the water transport was prolonged 
by two incisions in the middle part of the sample. 

Results of all these experiments revealed the possibility of water stress origin even in leaf 
tissue sufficiently supplied with water. 

L i t t l e  a t t e n t i o n  ha s  b e e n  p a i d  so f a r  t o  t h e  s i m u l t a n e o u s  i n v e s t i g a t i o n  o f  
t h e  i n t e n s i t y  of  t r a n s p i r a t i o n  a n d  w a t e r  a b s o r p t i o n  e v e n  i f  t h e  w a t e r  b a l a n c e  
(d i f fe rence  b e t w e e n  w a t e r  i n c o m e  a n d  o u t p u t )  d e t e r m i n e s  t h e  w a t e r  c o n t e n t  
o f  t h e  who le  p l a n t ,  i t s  o rgans ,  t i s sue s  a n d  cells.  

W a t e r  b a l a n c e  ha s  b e e n  s t u d i e d  e i t h e r  i n  t h e  w ho l e  p l a n t  (KI~A~ER 1937, 
TAI~LOWSKI 1955, 1956, TOTSUKA a n d  M o ~ s I  1959, 1960, KOSTE~ 1960) or  
i n  cells (TA~IA a n d  TAZAWA 1956). 

T h e  a i m  of  t h i s  w o r k  was  to  d e v e l o p  a m e t h o d  for  w a t e r  b a l a n c e  s t u d i e s  
i n  l e a f  t i s sue  s a m p l e s  a n d  to  d e t e r m i n e  t h e  l aws  r e g u l a t i n g  o r i g i n  o f  w a t e r  
s t ress  i n  t h e  i s o l a t e d  l e a f  t i s sue .  

* Address: Flemingovo ng~m. 2, Praha 6, Czechoslovakia. 
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Fig. 1. Ground plan, front view and side view of a plexiglass chamber tbr studying water 
balance in leaf tissue. 

Fig. 2. The position of leaf tissue sample in an open chamber. 

Material and Methods 

90 to 180 days old potted fodder cabbage (Brassica oleracea L., cv. 
acephala) plants grown in the greenhouse (temperature from 18 to 25 ~ were 
used throught the experiment. The plants had 8 to 9 resp. 11 to 13 leaves. 
Banana-tree (Musa 8apietum L.) was also used. 

The leaves were cut off in the early morning before every experiment and 
their petioles immersed in water and left in darkness in a saturated atmo- 
sphere for 24 to 48 hours for saturation. Oblong samples (14 or 24 em z) were 
cut in such a manner that  no major vessels was running parallel with the 
longer axis of the sample, The larger samples were left to dry in a climatic 
chamber (25 ~ from 35% to 40% R.H.) to reach the desired w.s.d. (10%, 
20%, 30%, 40%) and at that  time the smaller samples of 14 em 2 were cut 
from them to prevent undesirable drying of the edges during handling the 
samples. 

Special plexiglass chambers were designed for studying the water balance 
in leaf tissues (inner dimension: 65• • 8 ram). These chambers consisted 
of three parts of the same size (:Fig. 1). Part  C was lined with two plates of 
gel (polymer of ethylenglyeolmonomethacrylate) which loses water very 
easily and in a reversible way. Parts B and C were covered with aluminium 
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foil so that  the samples were in darkness and were not  overheated at the same 
time. Part A was provided with holes on the sides and the conditioned air 
(constant temperature, humidity  and rate of  flow) passed through them. 
These small chambers were placed during the experiment in a large climatic 
box with constant temperature. Each small chamber was il luminated using 
a light channel provided with 100 W krypton bulb, mirrors and water 
filter. The sample of  leaf covered the whole area in part A and B and was 
slid with one shorter edge between two plates of gel saturated with water in 
part C (about 3 mm from the edge). A sufficient supply of water was ensured 
in this way (Fig. 2). The water absorbed by leaf tissue in part C passed 
through part B and was transpired to the surrounding air in part A. 

The transpiration, water absorption and w.s.d, were established gravi- 
metrically at given time intervals, usually every 30 minutes ( •  30 see). The 
weight of the whole chamber and of leaf tissue samples was done on analytical 
balances with accuracy 10 -4 g. Every experiment was repeated tenfold. The 
relationship between ~ and n was quite satisfactory under these conditions. 

In some experiments the stomata opening was determined in the trans- 
piring part by direct observation under the microscope. 

The rate of  transpiration was regulated by external conditions in such 
a way, that evaporation (measured as evaporation from green filter paper 
saturated with water) under conditions IV was less than a half of evaporation 
under conditions I (Table 1). 

Table 1 
Different types of external conditions 

Type 
of conditions 

Temperature 
(oc) 

Relative 
humidity 

(%) 

Densi ty  of 
illumination 

( k =  4 0 0  to 
7 0 0  nm) 

(cal em-  2 
r a i n - l )  

Linear rate 
of air flow 

(m s -1) 
Evaporation 

(mg em-  ~ 
h -1)  

I 
I I  

I I I  
I V  

2 5  
2 5  
25  
2 5  

0 
31 
66  
79"3 

0"19  
0"19 
0"19  
0 ' 1 9  

3 ' 4 8  X 10 -3  
3"48  • 10 -2  
3"48 X 10 -2  
1 .63  • 10 -2  

41"7 
34"1 
23"2  
17"8 

The leaf temperature was checked during the experiment by thermistor 
thermometers. The temperature was never higher than 29 ~ even under con- 
ditions of lowest evaporation. 

For detailed description of the method see PosPI$ILovX 1967. 

Results and Discussion 

1. The influence of external conditions on water balanee in leaf tissue 

The water balance was observed in samples of  tissues from the 3rd, 4th, 
5th leaf under different types of external conditions (I, II,  I I I ,  IV). W.s.d. 
was adjusted to 0%, 10%, 20%, 30% or 40% before the experiment. 
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0nly small differences in the intensity of transpiration appeared between 
samples with different initial w.s.d, under conditions of high evaporation 
(I, II). In particular the amount of water loss during five hours was prac- 
tically the same. The intensity of transpiration decreased with increasing 
initial value of w.s.d, under conditions of lower evaporation (III, IV) (Fig. 3). 
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F i g .  3. Time-course of water loss 
by  transpiring part of  
sample at different levels 
of initial w.s .d .  (w.s .d .  
0 % - - ,  
10% . . . . .  , 
2 0 %  . . . . . .  , 

3 0 %  . . . .  , 
4 0 %  . . . . . .  ) under 
conditions III .  Abscissa: 
time in hours, ordinate: 
amount of transpirated 
water i n  m g .  

This difference may be explained by a gradient in the water potential between 
leaf and air which was greatest under conditions I and lowest under con- 
ditions IV. Lowering of water content in leaves decreased the gradient of 
water potential between leaf tissue and surrounding air. This drop became 
more marked when the whole gradien~ was low (III, IV) and was less ap- 
parent with high gradient (I, II). 

The intensity of transpiration decreased throughout every experiment. 
This was probably caused by gradual closing of stomata, by incipient drying 
of cuticula and cell walls surrounding intereellulars and by a decrease in 
sample area resulting from their drying. 

m /  
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Fig .  4. Time-course of water ab- 
sorption by sample on leaf 
tissue at different levels 
of initial w.s .d .  (w.s .d .  
0% 
1 0 %  
2 0 %  . . . . . .  , 
3 0 %  . . . .  , 
4 0 %  . . . . . .  ) under 
conditions IV. Abscissa: 
time on hours. O r d i n a t e :  
a m o u n t  o f  absorbed water 
i n  rag .  
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The initial value of w.s.d, influenced the rate of water absorption at the 
beginning of the experiment, e.g. in treatment IV only the amount of water 
absorbed after 30 and 60 minutes was higher with higher initial w.s.d. 
(Fig. 4). 

W.s.d. appeared under conditions I, I I  and III  in water saturated samples 
of  leaf tissue and increased under the same conditions in tissues with initial 
w.s.d, from 10 % to 40 %. W.s.d. increased about 20--25 % in every experiment 

Fig. 5. Time-course of water sa- 
turation deficit develop- 
ment in leaf tissue at di- 
fferent levels of initial 
w.s.d, under external con- 
ditions II.  Abscissa: t ime 
in hours, Ordinate: w.s.d. 
in %. (W. s . d .  0 % ~ ,  
1 0 %  - - - ,  2 0 %  . . . . .  , 
30%------  40% . . . . . .  ) 
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under conditions of higher evaporation (I, II) often independently of the 
initial w.s.d. (Fig. 5). W.s.d. under conditions III  increased similar to that 
at lower initial w.s.d, but the highest initial w.s.d, increased only about 7 % 
(Fig. 6.) The conditions of lowest evaporation (IV) resulted in a high incre- 
ment of w.s.d, only in saturated samples and slight one in samples with 
initial w.s.d, of 10 % or 20 %. The deficit remained practically unchanged in 
samples with an initial w.s.d, of 30 % and 40 % and even slightly decreased 
at the beginning of the experiment (Fig. 7). 

Fig. 6. Time.course of water sa- 
t u r a t i o n  deficit develop- 30 
ment in leaf tissue at di- 
fferent levels of initial 
w.s.d, under external con. 20 
ditions III .  Abscissa: time 
in hours. Ordinate: w.s.d. 10 
in %. (W.s.d. 0 % - - ,  
t o %  . - - ,  |~ 2 0 %  . . . . .  , 
30% - - -  40% . . . . . .  ) o 
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Fig. 7. Time-course of water sa- 
tura t ion  deficit develop- 
ment  in leaf tissue a t  di- 
fferent levels of initial 
w.s,d, under  external  con- 
ditions IV. Abscissa: t ime  
in hours. Ordinate: w.s.d. 
in %. (w.s.d. 0 % - -  
1 0 % - . -  2 0 % - - . - - . - -  
3 0 % -  - - ,  4 0 %  . . . . .  > 
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Fig. 8. Relationship of ratio of 
intensi ty of absorption to 
intensity of transpiration 
and of w.s.d, under condi- 
tions IV. Abscissa: w.s.d. 
in %. Ordinate: ratio of 
intensity of absorption to 
intensity of transpiration. 
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Fig. 9. Time-course of w.s.d, de- 
velopment in leaf tissue 
from upper( A ), middle( O ) 
and  lower ([~) leaves a t  
initial w.s.d. 0~o (O)  and  
20~o ( � 9  under  codditions 
IV. Abscissa: t ime in 
hours. Ordinate: w.s.d. 
i n % .  
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The ratio of the intensity of water absorption to transpiration increased 
with increasing value of w.s.d. (positive correlation) only under conditions of 
low evaporation ( I I I  and IV) and thus the maximal value of w.s.d, was 
l imited (Fig. 8). 

Results of all these experiments indicate that  high w.s.d, may be found 
in leaf tissue sufficiently supplied with water from one side, under conditions 
where the evaporation and also the intensity of transpiration are not ex- 
tremely high. An equilibrated water balance existed only under conditions 
of lowest evaporation and with an initial w.s.d, of 30 ~ and 40 %. 

2. W a t e r  ba lanee  of leaf  t i ssue  in re la t ion  to leaf  insert ion and age  

Leaf growth and development is accompanied by many changes in ana- 
tomical and physiological features. In order to confirm the general validity 
of our results we tried to compare experiments on tissues from upper, middle 
and lower leaves and on middle leaves from older and younger plants. 

The upper (2nd leaf), middle (4th leaf) and lower (Tth to 9th leaf) leaves 
differed in relative water content, which was lowest in the upper leaves and 
highest in the lower leaves. 

The intensity of transpiration was higher in middle and upper leaves in 
comparison with lower ones at the initial w.s.d, of 0 %. The highest intensity 
of transpiration was observed in upper leaves at an initial w.s.d, of 20 ~ the 
lowest was under the same conditions in middle leaves. 

The lowest ratio of intensity of water absorption to intensity of transpi- 
ration took place in samples from upper leaves at an initial w.s.d, of 0 %. 
W.s.d. appeared very soon in these leaves. On the other hand only in samples 
from upper leaves the initial w.s.d, of 20 ~ decreased in such a way, that  at 
the end of the experiment (after three hours) there were no more differences 
between samples of initial w.s.d, of 0 % and 20 %. W.s.d. in samples from 
middle and lower leaves at initial w.s.d, of 0%, was lower at the end of the 
experiment than in upper leaves but remained higher at an initial w.s.d, of 
20 ~/o (Fig. 9). The relationship between the ratio of the intensity of absorption 
to the intensity of transpiration and w.s.d, was most clearcut in uppre leaves. 

CATSK~ (1962) studying the development of w.s.d, in plants dried in situ 
found at the beginning of the experiment the highest w.s.d, in young leaves. 
These differences disappeared in the course of the experiment and from the 
average w.s.d, values he ascertained a distinct preference of young leaves 
for water supply. 

The ratio of the intensity of water absorption and transpiration was prac- 
tically equal in the samples from middle leaves of younger (from 90 to 120 
days) and older (from 150 to 180 days) plants at an initial w.s.d, of 0%. 
There were no differences between these samples during the experiment. 
This ratio was higher in samples from younger plants at an initial w.s.d, of 
20% and only in these samples w.s.d, decreased in the course of the ex- 
periment (Fig. 10). 

Although some difference in the intensity of transpiration and water 
absorption and of w.s.d, development were established, the basic trend of 
water balance was the same in all the experiments. The general validity of 
our preceding results on water stress origin in samples supplied unilaterally 
with water was confirmed in this way. 
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Fig. 10. Time-course of w.s.d, de- 
velopment in leaf tissue 
from middle leaves of 
younger (A)  and  older (C)) 
plants  a t  initial w.s.d, 0~/o 
(A)  and  20% (O)  under  
conditions IV. Abscissa: 
t ime in hours. Ordinate:  
w.s.d, in %. 

3. Water balanee in leaf tissue with different vessel orientation to water transport direction 

The water balance of different areas of the leaf blade and thus under con- 
ditions of different vessel orientation in respect to water transport direction 
was compared under lowest evaporation (IV) in following experiments. Four 
directions of water transport were chosen: from the base to the top, from the 
top to the base, from the middle to the margin and from the margin to the 
middle. There were no differences in water loss and water absorption between 
these variants. The highest w.s.d, was found in the transport from the 
margin to the middle and the lowest in the transport from the middle to the 
margin. W.s.d. of the lengthwise type of transport (used for all preceding 
measurements) was between these extreme values (Fig. 11). 

20 

f 2 3 ~ . r a  

Fig. 11. Time-course of w.s.d, de- 
velopment at  different po- 
sitions of samples on leaf 
blade {Transport of water  
from middle to margin O,  
from margin  to middle O,  
from base to top A,  from 
top to base A )  under  
conditions IV. Abscissa: 
t ime in hours. Ordinate: 
w.s.d, in %. 

The intensity of transpiration and of water absorption and w.s.d, was also 
studied, using the same method, in samples from leaves with parallel vessels 
(Musa sapientum L.). The water was transported upright to the direction of 
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Fig.  12. Time-course of water ba- 
lance in leaf tissue of  ba- 
nana under conditions IV. 
Abscissa: time in hours. 
Ordinate: above: w.s.d. 
in %, below: 
quanti ty of transpired wa- 
ter  and 
quanti ty of absorbed wa- 
ter  in mg. 

~0 

5 0  

J 
L _  ~ I I 

t 2 3 

the vessels (Fig. 12). Although the transpiration of banana leaves was in 
average lower then  the transpiration of fodder cabbage leaves, w.s.d, also 
appeared during the experiment. 

Both experiments brought us to the conclusion tha t  water transport  was 
practically independent of vessel orientation in leaf tissue samples. The 
continuity of water columns in the  vessels was apparently disturbed during 
the cutting and thus the role of vessels in water transport  was relatively 
small. Samples of leaf tissue may be hence used as a maeromodel of leaf 
mesophyl. 

4. The Influence of water  transport  pro longat ion  on water  balance 

Water balance was studied in further experiments in leaf tissue from 
fodder cabbage (under conditions IV) where the length of water transport  
was prolonged by two incisions in the middle of the sample. This prolongation 

Fig. 13. Time-course of w.s.d, de- 
velopment in samples with 
prolonged water transport 
length (Q) and in control 
samples (O) under condi- 
tions IV. Abscissa: time 
in hours. Ordinate: w.s.d. 
in%. 

25 
~s.d. 

20 

I I i I i I I J l J 

f 2 3 4 5 ~  
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clearly influenced the water balance of leaf tissue in a negative way. Althought 
the transpiration in the incised samples was only slightly lower than in 
controls, the water absorption was lower in quite dear-cut way. W.s.d. 
developed sooner and reached higher values in samples with longer transport 
(Fig. 13). 

These experiments show that water transport may play an important role 
in water balance of leaf tissue. 
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Vzorky listov6ho pletiva byly nmist~ny v trojdilnych plexitov#ch komfirks tak, ~e voda 
absorbovans listovf~m pletivem na jedn6 stran~i vzorku byla transportov~na st~ednf 5s to- 
hoto vzorku do jeho protflehl6 5Asti, kde byla vydAv~na transpirael. Gravimetrickou metodou 
byla soufasn~ m ~ e n a  intensita transpirace, intensita absorpee vody a vodn~ sytostn~ deficit 
(v. s. d.) tohoto pletiva. Vodn/ bilance byla sledov~na jednak u nasycen~ch vzorkfi listov6ho 
pletiva, jednak u vzorkfi s urf i t~m p}edem navozen~m defieitem (10%, 20%, 30%, 40%). 
Afkoliv podminky pro absorpci vody byly optims vznikal p}i v~ech zvolen~ch typeeh vn~j- 
w podminek (v:~parnost 41,7 a~ 17,8 mgcm-~h -1) v nasycen6m listev6m pletivu deficit. Tak6 
p~edem navozen~ deficit b~hem pokusu v~tw stoupal a dosahoval i vysok~ch hodnot (p~es 
60%). K vyrovnan6 vodni bilanci dochhzelo pouze p}i podmlnk~ch nejnii~i vf~parnosti a po6s 
tefnim defieitu v~it~im ne~i 20% u mlad:~ch listfi a v/tt~frn ne~i 30% u star~ich listfi. Tak6 pouze 
p~i podminks n i~ i  v~parnosti (17,8 a 23,2 mgcm-2h "1) byla zji~t6na ldadn~ korelace mezi 
pom~irem intensity absorpce vody a intensity transpirace a v. s. d., tak~e byly ohrani6eny hod- 
noty maximA]niho deficitu. 

Vodnl bilance byla sledovAna: 1. u listov~ho pletiva hornleh, st~ednich a dolnich listfi ka- 
pusty, 2. u listov6ho pletiva st~edn/eh listfi mladhlch a star~ilch rostlin kapusty, 3. p~i rfizn6 
orientaci ~ilek vzhledem ke sm~ru transportu vody u listfi dvoudflo~n~ rostliny (kapusta), 
4. p~i transportu kolmo na sm/fr ~tilek u listfi jednod~lo~in~ rostliny (ban~novn/k). 

Znafn6 zho~en /vodn /  bilanee bylo zjiltt~no p~i prodlou~enf transportni dr&hy dvfma  z ~ e z y  
ve s~edrd 5~sti vzorkfi tistov~ho pletiva. 

V:~sledky vw t~chto pokusd ukhzaly res mo~.nost vznilm vodn~o deficitu v listov~m 
pletivu i pH jeho dostatefn~m zs vodou. 
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H. Hocii~mm'toaA, HaCT~TyT ~ c n e p ~ e a v a n a ~ o f i  6OTaH~RII q C A H ,  I I p a r a :  Bop j a~ i  
6azaac a~ea~aofi  T~a~m - -  Biol. P lan t .  i i  : t t 9 - - t 2 9 ,  1969. 

O6paz~r~ J~IICTOBOH Tiiaaii 6hlJl• noMenleiiht B IIJIOKCIITOBO~I KaMepe eoeToan~efi Ha Tpex 
o~i ia i ioBhtx  qacTe~[ TaKIIM CIIOC060M, qTO BO~a Hpl~iiiiTaii TI(aHbIO IIa o~iiofi cTopoiie oSpaaaa  
TpaHciiopTvrpoBaaacb qepe3 cpeaiiio~o qacTI, o6paz~a ~ pacxoxoBa~acb n p a  TpaacnapaaHa  
IIpoTHn0iiOJI0}I{ttOi'I qaCTBIO TKaiiII. O~HonpeMeiiiiO 6 ~ a  rpaBffMeTpHqecnii, on~pee~eneiia IIII- 
TOHC~BIIOCTB TpaHcii~paniff~, IIttTeHCIIBIIOCTB a 6 c o p 6 ~ i i  Box~ ~ BO~II~II ~e~I~l~l~V TKaiiIL 
Bo;~ii~fi 5aaa~c ~ccae-~oBaxicii He TOa~KO y o6pa3niOB c n o a i i ~  IIac~t~eiiiie~, IIo ~ y oS- 
pa3aoB c I I e ~ o T o p ~  ~e~n~iiTO~ (10, 20, 30 ~ 40%).  XOTa y C a 0 B ~  a6cop6~iiii  B O ~  5~I~ii 
OHTII~aJIbHMM]~ B Hachmleiiiio~ TKaHII JItICTa BO3HHKaJI BO~IIt,I~I ~e(~iin~T IIpii Bcex II36paHIIMX 
Taiiax n i ie taaax  ycao~af i  (a~aiiopaa~ra OT 1t ,7 XO 17,8 Mr CM -2 q-x). Tam~e ~e~)HI~IITBI ~0, 
20, 30 II 4 0 %  B Teqeiiae onhtTOB yaeziaqiiBaaiic~, a ~(OCTptra/lii aame 6oaee 60%. PaBHo- 
ecii~ft BO~Hh~fi 6a~aiic npo~cxo~vrzt TO~KO B ycJIOS~r~x CaMO~ HHaKOfi 3Banopat~vr~ 
(17,8 Mr CM-Z q-~ ) a nepBoiiaqa/IbHoro 2ie~)iiIIVrTa OKOJIO 20% y MOJIO~KIX JIIICTBeB 
1~ OKO~IO 30% y cTapml~X ~IrrcTBeB. TaHoe  nmn~  B ycaoB~nx CaMOfi H~ra~Ofi oBanoparlan (17,8 

23,2 Mr CM -2 q-x ) 65IJIa ycraiion~teHa no l Io~TeJ I~ i i aa  ~oppeaa~Iaii  M e ~ y  OTiiomeHrreM 
a6cop6~aa  z Tpaiicii i ipaamr n B O a r ~  ~e(~III~IITOM ~IIICTOBO~I TI~aiiII I~ TaKgM CiiOCO6ObI 
Bafiaeii Mancz~ia~ i i~f i  ~e~bIII~IIT, I/IcczteaoBa~c,a B O a i i ~  6a~aBc i .  T~aH~r BepxHr~X, cpe~- 
HHX ~ IIa~H~rX ~IICT~,eB I~anycT~, 2. Tr~aH~ cpeaii~tx TI~CTI, eB MJIa~turrx H cTapm~x pacTeHnf~ 
r~aiiycTh~, 3. n p a  paa~tgarmft op~te~THpOBKe rmpnaTypht no OTiionieii~r~o i~ aanpaBnena~o 
rpa~cnopTa ~oat~ y naCTbeB ~Byx;~o~r, Horo pacTeiiaa (aanycTa) 4. np~r Tpa~ciiopre ~o~ht 
nepnei ianny~tapao n aanpanzieHn~o nepBaTyp~i y oxiioaoa~Horo pacTe~aii (Sanaa).  

3 H a ~ T e ~ H o e  yxy~tne~ae  ~o~iioro 6a~anca 6~ao  IIafiaeiio B cay~ae y~a i i i i enaa  nyT~r 
'rpaiicrtopTa BO,aU aByMii 3apy6rrnaM~ B cpeaHefi qaCT17l o6paan;oB JII;TCTOBO~I" THaiiII. 

Peay~sTaTh~ Bcex 9TIIX aRcnepHMeiiTOB nonaaa~ta pea~thnyIo BO3MOH~HOCTB BOaiit~KIIOBeiiII~I 
~o:~j~oro ~ e ~ a T a  B T i i a ~  3IIICTBeB ~ a ~ e  n p a  ero ~OCTaTOqtIOM ci ia6~eHg~ B02iO~. 


