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Abstract.  The cytoplasmic components of broad bean (Vicia faba L.) root tip cells were 
studied light- and electronmicroscopically. Using a light microscope, differences were revealed 
between cells from the cortex and from the central cylinder. For electron microscope studies 
the cells near the boundary between the mentioned parts of the root tip were selected at a dis- 
tance of about 2 mm from the initials. The orientation of objects during embedding made 
possible fairly accurate localization. No peculiar, strikingly osmiophillic bodies were seen, which 
could be identified without doubt as osmiophillic platelets. I t  follows that some of the current 
cytoplasmic components, perhaps more or less altered were described as osmiophillic platelets. 
After fixation with KMnO4, in which case the electronmicrographs are most instructive, the 
leueoplasts show several inclusions, mostly only partially limited against the matrix; it is not 
clear whether the true membrane is concerned here. The origin of intravacuolar membraneous 
formations is discussed. 

T h e  cells o f  t h e  b r o a d  b e a n  r o o t  t i p  are  a classical  o b j e c t  o f  b o t a n i c a l  
c y t o l o g y .  I t  p r o v e s  t h e y  are  m a t e r i a l  su i t ab le  for  b i o c h e m i c a l  a n d  c y t o -  
c h e m i c a l  r e s e a r c h  o f  cell d iv i s ion ,  t i s sue  d i f f e r en t i a t i on  etc .  I n  c o m p a r i s o n  
w i t h  o t h e r  ob j ec t s  u sed  for  s u c h  s tud ies ,  r e l a t i v e l y  l i t t le  s y s t e m a t i c  con-  
s i d e r a t i o n  has  been  p a i d  t o  t h e  m o r p h o l o g y  o f  t h e  c y t o p l a s m  o f  b r o a d  b e a n  
r o o t  t i p  cells, t h o u g h  it  is fu l ly  d e s e r v e d :  e.g. t h e  q u e s t i o n  o f  o smioph i l l i c  
p l a t e l e t s ?  seems  n o t  t o  be so lved  de f in i t i ve ly  (PRESS 1956, 1957), t h e  n u c l e a r  
l oca l i z a t i on  o f  D N A  has  been  q u e s t i o n e d  (BRANTON a n d  R u c ~  1964, GAHAN 
a n d  CHAYEN 1965) etc.  

T h e  a i m  o f  th i s  s t u d y  is t o  s t a r t  f r o m  l ight  m ic ro scop i c  s tud ies  and ,  us ing  
v a r i o u s  f ixa t ives ,  t o  dea l  w i t h  t h e  u l t r a s t r u c t u r e  o f  th i s  ma te r i a l ,  e spec i a l l y  
in  c o n n e c t i o n  w i t h  t h e  first  o f  t h e  f ind ings  m e n t i o n e d  above .  A t t e n t i o n  has  
also b e e n  p a i d  t o  t h e  u l t r a s t r u c t u r e  o f  l eucop las t s .  

Addresses: * Atomic Energy Research Center, Agricultural Division, P. O. Box 164, Dacca, 
East Pakistan. 

�9 * Institute of Experimental Botany, Czechoslovak Academy of Science, Ke dvoru 15, 
Praha 6-Vokovice, Czechoslovakia. 

�9 ** Institute of Microbiology, Czechoslovak Academy of Science, Budtjovicks 1083, 
Pralm 4-  KrS, Czechoslovakia. 

Unless otherwise stated, the term osmiophillic platelet has here the same meaning as used 
by BOWEN (see PRESS 1957). 
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Material and Methods 

Tips of about 3 cm long main roots of germinating broad bean (Vicia 
]aba L.) seeds were used (AD~MKOV.~ and BENE~ 1966"). For light micro- 
scope studies the material  was fixed by the fixatives of Regaud (WOLF 
1954), ZIRKLE, as modified by  O'BRIEN (O'BRIE~ 1951) and N~mec (chromic 
acid ~-bichromate ~-formol, N~MEC et al. 1962). Using ter t ia ry  butanol 
series the material was dehydra ted  and embedded in paraffin. Longitudinal 
sections 5 /~m thick were made. Staining with Heidenhain's iron haemato- 
xyline (WOLF 1954) or with the modified Altmann's  technique (B~,NE~, in 
preparation). 

For electron microscopic observation transverse sections about 1 mm 
thick, taken at the distance of about 2 mm from the tip, were fixed either 
in a 1.2% solution of KMnO4 in veronal-acetate buffer of p i t  7.2 for 4 hours 
at 0 to 4~ (LuFT 1956), or in a 1~o solution of OsO 4 in veronal-aeetate 
buffer of pH 7.2 to 7.5 for 4 hours at room temperature  (PALADE 1952), or 
in 10% formaline (neutralized with NaHC03) overnight at room tempera- 
ture;  in the lat ter  case the material  was washed in water and postfixed with 
Palade's Os04 solution, as given above (double fixation, SITTE 1958). Ma- 
terial fixed with OsO 4 or with formol/OsO4 was contrasted, when dehydrated,  
with 0.5 %solution of uranylacetate  in 70% ethanol overnight at room tem- 
perature. Otherwise, the  dehydrat ion and embedding (Vestopal W) were 
carried out in the usual way. Polymerization was performed in flat dishes 
made from A1 foil to achieve the correct orientation of objects in order to 
obtain longitudinal sections. The cells were studied near the boundary be- 
tween the cortex and the central cylinder, which concerns cells of the peri- 
cycle and adjacent layers of the central cylinder and cells of the endodermis 
and neighbouring area of the cortex, at the distance of about 2 mm from 
the tip. The material  was sectioned using the ultramicrotome Ultrotome 
LKB with glass knives. The sections were also contrasted either with 5% 
watery  solution of uranylacetate  for 20 minutes at room temperature  or 
with lead citrate (~:~EYNOLDS 1963), or using both t reatments .  Electron- 
micrographs were taken by  a prototype of Tesla Brno BS 413 electron- 
microscope, constructed in the Inst i tute  of Laboratory Devices, Czecho- 
slovak Academy of Science, Brno. To ensure accurate histological localiza- 
tion, thick sections from material  processed for electron microscopy, were 
stained when heated with a 2 ~o solution of toluidine blue in phosphate buffer 
of p i t  9-1 and examined by light microscope. 

Results 

Within the region examined, i.e. at the distance of about 2 mm from the 
tip, differences between the cells of the cortex and of the central cylinder 

* I n  th i s  pape r  it  is n o t  s t a t e d  t h a t  t h e  wa t e r  in t h e  dess ica tor  was  c o n t i n u o u s l y  b u b b l e d  
b y  air.  
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were observed light microscopically when s tudying the objects prepared by 
any of the techniques of fixation and staining. The cortex cells are vacuolized. 
In addition, large starch grains are often visible in these cells. In  the  vacuoles 
there are spherical formations, apparent ly  due to precipitat ion of the va- 
cuolar content.  In  the cytoplasm, bodies of various shape and size are found, 
namely  mitochondria,  proplastids etc. The cells of the central cylinder, 
especially the cells of the core, are also vacuolized, within the region studied, 
but  there are no striking precipitates in the vacuoles. Leucoplasts are the  
most  noticeable cytoplasmic components  in these cells. Cells rich in cyto- 
plasm, still lacking large central vacuoles, located in the proximi ty  of the  
boundary  between the cortex and the central cylinder seem to be most  
suitable for electron microscopic examination.  On the  electronmicrographs 
no special bodies were seen corresponding to osmiophillic platelets. Current 
cytoplasmic components  of root t ip cells were found: profiles of the endo- 
plasmic reticulum, ribosomes, spherosomes, dictyosomes, mitochondria,  pro- 
plastids*, leucoplasts*. Three kinds of bodies, apparent ly  l imited by a uni t  
membrane ,  little smaller than  mitochondria,  are considered here within the 
category of spherosomes: 1. bodies comprising material  of the same densi ty  
as the ground cytoplasm; 2. bodies consisting of material  of a dist inctly 
greater density;  3. bodies, the central part  of which is light on electron- 
micrograph positives, whereas the  per iphery is dark. (See formations de- 
scribed as $1, $2, $3 on Fig. 1, 2, 9). Small vesicles, presumably of mutua l ly  
different character, were revealed in the  proximi ty  of both  dictyosomes and 
profiles of endoplasmic ret iculum ( 7  on Fig. 1). Two types of leucoplasts 
are clearly distinguishable when material  fixed with KMnO 4 is examined:  
leucoplasts with several large inclusions (L 1 on Fig. 1, 2) and leucoplasts 
with fewer small inclusions (L2 on Fig. 3). In  the former case it is obvious 
tha t  the  inclusions are delimited -- though  often incompletely -- from the 
matrix.  After double fixation with formol/Os04 the material  of intraleuco- 
plastidic inclusions is dist inctly filamentous (7  on Fig. 5). The Os04 fixation 
apparently causes an alteration of the material so that it is, for example, 
practicMly impossible to distinguish between mitochondria and young plas- 
tids (Fig. 4). Fig. 5 shows a transverse section of transvacuolar cytoplasmic 
strand remarkably rich in free ribosomes (~). In Fig. 6 ribosomes are 
visible both free ( 5 ) and bound to the outer surface of the endoplasmic 
reticulum (7),. Compared with Fig. 5, the cytoplasm here is much more 
"relaxed". Mitochondria bear tubulous type invaginations (Fig. l, 2, 6, 7, 9). 
Fig. 7 shows mitochondria or proplastids wedged by a protrusion into 
a neighbouring one (7). The larger formation -- it is more suitable to de- 
scribe it as a proplast id -- is either b u d d i n g -  or s i m p l y -  branched. After 
formol/Os04 fixation there arc usually membranes  visible in the vacuoles 
(see Fig. 8 and 10). The montage  (Fig. 10) helps to show the frequency of 

* I t  seems possible and necessary to distinguish between proplastids and leueoplasts. Leueo- 
plasts are formations much larger than mitochondria, they have a regular rourLd border in 
section, the inclusions of storage material usually account for a substaneiM portion of their 
volume. OI~ the other hand, proplastids (lVIEN]~ and FRICKE 1964 noted that  this term is not 
fully acceptable) have approximately the same diameter as mitoehondria, their margin is ix. 
regular, sometimes they are apparently amoeboid. Cases exist where it is impossible to dis- 
tinguish proplastids from and mitoehmldria with certainty. 
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Longi tudinal  sect ions of  t he  broad bean  (Vicia faba L.) root  t ip  cells, located near  the  boundary  
be tween  cor tex and  centra l  cyl inder  about  2 m m  from initials. Figs. 1, 2, 3, 7, 9 f rom KMnO 4 
fixed mater ia l ,  fig. 4 from mater ia l  fixed wi th  OsO 4, fig. 5, 6, 8, l0 t aken  f rom formol fixed OsO 4 
postf ixed mater ia l .  The lengths  of the  abscissas correspond to 1 fire. Abbrevia t ions  used: CW 
cell wall,  D dic tyosome,  E R  endoplasmic  ret iculum, I intraleucoplast idic  inclusion, L (L1, L2) 
leucoplast ,  M mi tochondr ion .  S (S 1, S~, Ss) spherosome,  u vacuole. 

Fig.  1. 3 types  of  spherosomes ($1, $2, S~), small  vesicles a t  the  endoplasmic  re t iculum ( f ) ,  
mi tochondr ia ,  leucoplasts  bear ing inclusions. 
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Fig. 2. Leucoplast (Lx) with well developed inclusions. Inclusions partially limited from 
matrix. 
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Fig. 3. Leucoplast (L2) with underdeveloped inclusions. 
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Fig. 4. OsO 4 f ixa t ion  resu l t s  in a l t e r a t ion  of  ma te r i a l  so, tha~ e.g. m i toehond r i a  are  n o t  dis- 
t i ngu i shab l e  f rom proplas t ids .  
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Fig. 5. Double fixution formol/OsO 4 is rather suitable. The preserved inclusion m~teri~l is 
filamentous (S) .  Note the abundance of free ribosomes in ~ transw,cuolar strand ( ~ ) .  

Fig. 6. :Ribosomes bound to the outer surface of endoplasmic retieulum (S )  and free ones ( ~ ) .  
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Fig. 7. ~ i t o c h o n d r i a  or p rop las t ids  wedged  by  a p ro t ru s ion  into a n e i g h b o a r i n g  one ( S ) .  The  
larger  b o d y  is e i the r  b u d d i n g  or b ranched .  

Fig. 8, I n t r a v a c u o l a r  m e m b r a n e o u s  fo rmat ion .  
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Fig. 9. Cytoplasm of 2 doughter (sister) cells. Note the various types of cytoplasmic bodies. 
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Fig, lO. ~Ioatage. -Note the frequenco of cytoplasmic bodies of differe~t types wltlJii!, a cell. 
ia vacuoles see ~ransvacuolar cy~;oplasmic strands, mcmbrmieoas fvr~ions and 
various intravacuolar material, Ia nuclei, the apparently heteroehromatiaic eitromo- 
cea~ra ai'e well rccogaizablc (7), 
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all types of cytoplasmic components within one cell. In  addition, within the 
nuclei ehromocentra are visible, apparently heteroehromatinic ( /  on Fig. 10). 

Diseussion 

I t  is apparently quite hopeless to continue discussion of the nature of 
plant cell cytoplasmic components only on the basis of their light micro- 
scopical morphology (see e.g. ZmKLE I937, WEIE~ I938, NA•M 1940, NEW- 
COME~ 1940, I951, GUmLIE~gOND I94I, DANGEA~D 1947, WEIER and 
STOCKING 1952, PENNER 1953, !V[ILOVIDOV 1962, 1964). Objective findings 
were often not distinguished from subjective interpretation in these con- 
troversies. We refrain from commenting on the relatively recent light micro- 
scope findings on broad bean root tip cells (CHAYEN 1952), because, among 
other reasons, the author did not t ry to start from the results of previous 
authors achieved by classical techniques. Only one aspect of light micro- 
scopic studies should be mentioned here: inequMity or uneven relative fre- 
quency of cytoplasmic components in cells of different parts of the root tip. 
This aspect was stressed by BOWEN (1928) in his paper on osmiophillic 
platelets. NSmec (see MIIX)vIDov 1929) explained differences in the effect of 
a given fixative on various objects by the dissimilarity of intracellular 
milieu, e.g. pi t .  InequMity of intracellular milieu could be considered where 
there is suspicion of the differential effect of a fixative on cells from different 
parts of the same object (N~EC 1965, personal communication). On the 
other hand, one can also admit unequM diffasibility of individuM components 
of the fixative during its penetration into the materiM. In this case there 
are at least quantitative diferences in the composition of fixative when 
affecting cells on the periphery and in the middle of the object (BAKER 
I958). As far as the present findings are concerned, differences between 
cells from the cortex and those from the centrM cylinder, revealed by light 
microscope, have been caused by tissue differentiation, not by alteration 
during the treatment.  Those cytoplasmic components, found in different 
regions of the root tip, are of the same appearance without any signs of 
Mteration. 

The first electronmicrographs of broad bean root t ip cells taken in i953 
(CHAYEN and JACKSON 1957) are a matter  of history in electron microscopy. 
The findings of PRESS (1956, 1957) will be thoroughly discussed further. 
HEITZ (1957) published, among others, electronmicrographs of cells of the 
broad bean root tip, distinguishing mitochondria and proplastids, the pro- 
plastids lacking Primargrauum. On this point, he disagrees with the light 
microscope findings of BA~TELS (1955). Both authors are of the same 
opinion concerning the unstable amoeboid shape of proplastids. The broad 
bean root tip cells were one of the first object in which dictyosomes were 
identified (PERNER 1958). In  the same object D6BE5 (1964) observed groups 
of proplastids often wedged into their neighbour by a protrusion. 

The electronmieroscopic findings, achieved during this study, correspond 
quite well to the results given above, concerning the electron microscopy of 
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the cells in the root tip of broad bean and also to the ultrastrueture of 
similar objects in other species. 

In the present work no peculiar, strikingly osmiophillic cytoplasmic com- 
ponents were revealed, which could be considered as osmiophillie platelets. 
For osmiophillic platelet identification, there is no other way but to take 
into account the common cytoplasmic components, especially spherosomes, 
plastids, vacuoles and dietyosomes. Formations that  FI~Er-WYssLING et al. 
(1963) regard as phases of developmental changes of spherosomes were 
observed on electronmicrographs taken during the present study. Particles 
with dense material on their periphery, which belong to these developmental 
series from active spherosomes to fat inclusions, could be identified as 
osmiophillic platelets. A similar view was not definitely rejected by PI~ESS 
(1957/. Particles stainable with Sudan black B found in broad bean beau 
root tip cells by SCOTT (1955) and Sm~I~A (1957/8, 1958) could also belong 
to this category of cytoplasmic bodies. Although the author (PI~ESS 1957) 
interpreted it otherwise, young leucoplasts were apparently described as 
osmiophillic platelets on his electronmicrographs, i.e. formations with a 
stainable periphery and the middle part filled with reserve material. Young 
vacuoles with dense material precipitated on their periphery could be re- 
garded as osmiophillic platelets, too. It  is known that vacuolar contents of 
broad bean root tip cells can reduce OsO4 ( B o w ~ ,  see Pl~ESS 1957, SCOTT 
1929). Concerning the identity of vacuoles and osmiophillie platelets, PI~SS 
(1957) takes into account broader consequences and his point of view is 
therefore less clear. Though Pl~V, ss (1956, 1957) is of a different mind, the 
possibility of identity of osmiophillic platelets and dictyosomes seems not 
to be finally exclused, based on OsO4 reduction on the periphery of active 
bodies. The present paper does not give a basis for a certain or final identi- 
fication or interpretation of osmiophillic platelets. It  has been demonstrated 
with certainty that when the material was well treated using current electron 
microscope techniques, no peculiarities were revealed and therefore the 
osmiophillic platelets must be identical with some of the common cyto- 
plasmic components. It  follows that  osmiophillic platelets are not sui ge- 
neris formations as -- apparently -- PlcEss (1956, 1957) proclaimed: his con- 
clusions are not quite unequivocal in this respect. I t  is the opinion of the 
present authors that  the osmiophillie platelets need not necessarily cor- 
respond to only one particular type of current cytoplasmic particles, but 
to more types of them. Up to now the possibility has been discussed here 
that  osmiophillic platelets can be identified as some of the normal cell 
bodies. It  is not impossible that Bowen examined more or less altered ma- 
terial. The present work brings no experimental findings supporting a more 
definite standpoint of this question. Nevertheless the suggestion that  osmio- 
phillic platelets are altered cell bodies of one type only, e.g. mitochondria, 
seems not to be well founded. In this case, as in many others, a more 
thoroughly elaborated plant cell pathology is urgently needed. 

As far as the ultrastrueture of leueoplasts is concerned, in the material 
fixed in KMn04 inclusion material is delimited from matrix, though mostly 
incompletely. It  could not be claimed from our eleetronmierographs whether 
the true membranes are involved or an accumulation of denser material on 
the boundary between the stroma and the inclusion, as suggested by BUT- 
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TI~oss. (1962). Therefore it is necessary to leave open the question of the 
origin of intraleucoplastidic inclusions, either free anywhere in the stroma, 
or by  fusion of vesicles, originated by  invagination of the  inner unit  mem- 
brane of the leucoplast limiting compound membrane,  which are thus 
homologous to the thylacoids of chloroplasts (CAPO~ALI 1959, .BUTTROSE 
1960, BADEN~UIZE~ 1962). As seen on material fixed with KMn04, the 
leucoplasts in broad bean root tip cells belong to those with several inclu- 
sions. The presence of leucoplasts rich in reserve material  and of leucoplasts 
poor in this respect -- the lat ter  seem to be less frequent -- could correspond 
to CAPORALI'S (1959) interpretation of two kinds of leucoplast development, 
one slower and one quicker. 

No further peculiarities were observed tha t  could be considered as re- 
lating to mass cytoplasmic localization of DNA. However, this question has 
not  been studied in greater detail in this work. 

All cytoplasmic components seen in our elcctronmicrographs are quite 
normal and it is not  necessary to comment  on them. 0n ly  the intravacuolar 
formations are worth mentioning. Besides t iny  precipitates of vacuolar 
contents, membraneous formations were seen, which are either remains of 
already existing membranes,  or artefacts originating 1. from such mem- 
branes; 2. completely de nero .  Formations like these have already been 
described e.g. by  SITTE (1958). In  addition, transvacuolar cytoplasmic 
strands were often seen. The question of intrusions of cytoplasmic masses 
into the vacuole (see e.g. HRw and JURAKOVA 1964) deserves further  
attention, but  it is necessary to be more sceptical when interpreting the  
electronmicrographs: care must  be taken to distinguish between the nozzles 
of transvaeuolar strands and formations corresponding to intrusion processes. 
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A. F. M. MAsll~llzz~r_~l% K. BENE~, J.  LUDViK, Mikrobiologick:~ fistav a l~st~v experimen- 
t41ni bo tan iky  (~SAV, Praha :  C~toplasmatiek@ slotky bun~!k ko~enov@ gpi~!ku kofisk@ho bobu. - -  
Biol. Plant .  9 : 454--461, 1967. 

Sv6teln6- i elektronmikroskopicky byly  sledovAny cytoplasmatick6 sloifky bun~k ko~enov6 
~piSky kofisk@ho bobu Vicia faba L. Sv~teln~mikrosl~opicky bylo zji~t6no, ~e bufiky jednotli-  
v~ch part i i  ko~enov6 w se li~i. K elektronmikroskopi(k@mu studiu byly  vybr~ny bufiky 
z rozhranl  mezi st~edlxlrn vhlcem a prim~rr~i kflrou ve vzds 2 a~ 3 ham od ~pi6ky. Zvlg~tni 
pozoraost byla v6novhna orier~taci objektfi p~i z~liti. Elektronmikro~-kopicky nebyly  zji~t~ny 
~hdn6 zvlg~tnosti, kter6 by  bylo mo~no uva~ovat  v souvislosti s masovou cytoplasmatickou 
lokalisaci DNK. Nebyly zji~t~ny ~Adn6 zvlh~tni, nhpadn~m zpflsobem osmiofilni ~tvary,  k~er6 
by  bylo mo~no jednozna6n~ identifikovat jako osmiofilnl desti6ky. Osmiofilni desti~ky musi 
~edy b~ t  n@kter6 z b ~ n ~ e h  blm~6n3~ch slo~ek, shad vlce 6i m@n~ alterovan6. Po fixaci mate-  
ris KMnO~, kdy  jsou elektronogramy nejinstruktivn~j~i,  je v Ieukoplastech pat rno n~kolik 
nebo v~t~i po6et inldusi. Tyro inkluse jsou z 6Asti 0hraniSeny proti  strom~tu, neni  vhak jist@, 
zdu se zde jedng o pravou membr~nu.  Je  diskutovAn~ povaha intravakuols membranos- 
nieh fitvarfl. 

A. q). M. MAH14PY33AMAH, I~. BEHEm, ~ .  ~:]~B14I~, }~HCT:TyT M~p06I,~o~or~H ~ I/IHCT!~ITyT 
oncIlep~MeHTan~Ho~ 6OTaHnKH YCAH, I Ipa ra :  IllnTonaaaMaTHqec~He }gOMIIOHeHTbI Ir 
gopHeBOfi BepxymgH ROHCKHX 606OB. - -  Bi01. P l an t .  9 : 454- -461 ,  1967. 

C IIOMOHIL10 CBeTOBO~ It 0~IenTpOHHOfi Mgnpoc~onHg ~ c c ~ e ~ o B a ~ c ~  rigTOn~a3MaTHqecgge 
HoMnOHeHTM I~JIeTOI~ n e p x y m ~  nopHef~ ~OHC~nX 505om IIp~ noMomH CBeTOBOPO MHi~pocnona 
6hIJi~l yCTaHOBJIeHBI pa3~I~qH~ I~JIeTOK OT~eJIb'HBIX gacTe~ E0pHeBO~ ~epxymi~m )In~ 0nen- 
TpOHMHI~pOCNOHIIxtecI~OFO ~cc~Ie~oBa~t~ 6Bin BhI6paH CJIOI~I ~2IeTOI~, I t a x o ~ m ~ x c ~  M e ~ y  
~eHTpa~II~H~,I~ II~rJIi~HTIpOM H nepBHgHOf~ ~opofi Ha paCCTO~IHHH OT 2 ~O 3 MM OW ~epxym~m 
IIp~i o6pa6ow~ce o6~etc~os SHgMawe~IbHO c3Ie~I~t~I~I ~a ~x op~enwnpoBi~O~. D~IeI~Tp0HMI~KpocKo- 
nHqecI~H He 6~lJIO o6HapymeHo H~II~aI~IX OCOgeHHOCTefi, Ir 6Ia 6I, lnO BO3MOH~HO pac -  
CMaTpHBaTB B CB~I3II C MaccoBo~I IIHTonJIa3Mawi, ItlecI~Ofi noi~a~I~3aliHefi ~[HI{. He o6HapymeHo 
HHKa~Hx o 6 p a 3 o ~ a H ~ ,  I<OWOpLIe M0mHO 6~I~O 6Ia ~IeHT~Iq~I~I~IpOBaT~, I~a~ OCMO~p~Isn~Ie 
I]:~aCTHH~H. OCMO~HJ~bHBIMH n~IaCWI~n~CaM~I, 1]OBH~IMOMy, ~(On~H~I ~IaITb HeHowoplae ~ia 
06BIqHBIX HOMIIOHeHTOB ICJIeTHH, MoH~eT 61aITt) 5o:Iee mt~i MeHee ~3MeHeHHI, Ie. IIocJIe 0)~I~CaliHH 
MaTep~la~la 1]epMaHraHaTOM i~a~I~, Hor~a nony~alOTC~ Han6o~ee OTqeTJI~Bhle H co~IepH~aTeJIh- 
H~Ie 9~Ie~TponorpaM~I, B ~iefi~Oli~IacTax 06Hapy~IBalOTCg ~JIIOgeHH~, paa~IH~alom~ec~r 
no I~O~l~Iqecwny. DT~I mc~ImqeH~a no 6o~ibi~e~t qacT~I o w r p a ~ e l ~ h i  OW CTpOM]5I, o~I~al~o ~e 
~CHO, ~IMeWC~i Jig y ~Hx MeM6paHa ]3 TO~IHOM CMBICJIe cJIoBa. 0 6 c y ~ I a e T c ~  xapai~Tep HHTpa- 
Bal~y0~upHmx MeM6paH03HLIX oSpaaonaH~fi. 


