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Abstract: Within a conceptional framework based on carbon metabolism oscillatory model
(CMOM), diurnal variations of 613C values of water-soluble organic matter (WSOM), and water-
insoluble organic matter (IOM) in leaves, stem and phloem sap of castor bean plants (Ricinus
communis L.), experimentally investigated by Gessler et al. (2008), are discussed. It is shown that
carbon for the synthesis of the IOM fraction components is provided by carbohydrate pool formed
in carboxylase phase of photosynthetic oscillations and is enriched with 2C due to carbon isotope
effect in ribulosebisphosphate (RuBP) carboxylation. Carbon source for the synthesis of the WSOM
fraction components is predominantly linked with carbohydrate pool formed in oxygenase phase
of photosynthetic oscillations. They are enriched with BC due to carbon isotope effect in glycine
dehydrogenase reaction. As a result, IOM fraction is always more enriched in 2C in comparison
with WSOM fraction. IOM fraction appears to be the main source of organic matter for the phloem
sap. The organic substances of the sap are mainly used by plants to synthesize heterotrophic organ
biomass thus determining the 3C enrichment of heterotrophic organs (roots, seeds, wood) of plants
in relation to autotrophic (leaves, needles) ones. In accordance with CMOM, the variations of 6/3C
values of WSOM and IOM fractions could be used for photosynthesis and assimilate transport and
partitioning studies in real-time mode during the day.

Key words: carbon isotope characteristics, oscillatory model of photosynthesis, duirnal dy-
namics, water-soluble and water-insoluble foliar fractions, phloem sap.

The application of isotope data within a conceptional framework based on carbon
metabolism oscillatory model (CMOM) turned to be an effective instrument to study and
explain various biological and ecological problems. They reflect plant response to stress
conditions [10], greenhouse effect and global reasons for climate change on the Earth [15,
16], photosynthesis and assimilate transport in conifers in the vegetation period [25], de-
pendence of wheat productivity on environmental factors [17], salinity effect on isotope
characteristics of plants of various types [19], etc.

Recently, A. Gessler and co-authors [7] have published a very comprehensive re-
search in which they had studied diurnal variations of some isotopic characteristics in castor
bean plants (Ricinus communis), including 6'3C of water-soluble organic matter (WSOM)
and water-insoluble organic matter (IOM) of leaves, stem and phloem sap organic matter.
They have interpreted daily variations of the characteristics mentioned above on the basis
of steady-state model [23].

As it was shown before [15, 25], both models result in conflicting conclusions on
many aspects of plant physiology due to differences of initial postulates. E. g., the nature
and intramolecular isotopic pattern of metabolites, temporal organization of cell processes,
nature of isotopic discrepancies of autotrophic and heterotrophic organs in plants, other
problems of assimilate synthesis and transport are explained quite differently.



The experimental data on diumal variations of the above isotope characteristics in
castor beans obtained by A. Gessler and co-workers [7] provide important information on
the temporal organization of photosynthesis but, in our opinion, it cannot be extracted and
explained properly by means of a steady-state model. Therefore, we tried to reconsider
the data obtained through an oscillatory model in order to elucidate additional information
concerning assimilate partitioning in this experiment and to illustrate the possibilities that
OMCM application opens for photosynthesis studies.

The principal differences of the initial postulates of both concepts should be empha-
sized first. Accepting, in accordance with the steady-state model, that Calvin cycle func-
tions in a permanent regime, Gessler and co-workers [7], following Tcherkez et al. [23],
claimed that 13C enrichment of C-3 and C-4 atoms in glucose resulted from carbon isotope
fractionation in aldolase reaction of the cycle; and '2C enrichment of C-1 atom emerged in
transketolase reaction of cycle due to the exchange of C-1 and C-3 atoms at the repeating
cycle turns. However, there are no other experimental arguments in favor of carbon isotope
fractionation in the cycle besides the fact of glucose isotope heterogeneity as it is, that has
another explanation [15].

Oscillatory concept based on the label randomization in the cycle, observed in the
experiments with 4C0, [4], claims that no carbon isotope fractionation occurs in Calvin
cycle. J.M. Hayes supports this idea when compares Calvin cycle work with an isotope
mixer [9]. Even in the cases when isotopically different substrates would feed Calvin cycle,
transketolase and transaldolase reactions would shuffle atoms and isotope distribution in
the cycle metabolites would become uniform after some turns [12, 15].

As a result, an oscillation model gives quite different interpretation for isotope
heterogeneity of glucose. Accepting photosynthesis as oscillations consisting of the as-
similation phase (carboxylase phase of Rubisco function) and the photorespiration phase
(oxygenase phase of Rubisco function), it explains uneven carbon isotope distribution of
glucose as a result of isotope fractionation in glycine decarboxylation reaction during the
oxygenase phase of cycle oscillations [12, 15].

The reason for isotope discrepancies in different fractions and organs of plant also
has different explanation within the frameworks of both concepts. According to the steady-
state hypothesis, these discrepancies arise in metabolic reactions following RuBP carboxy-
lation in CO, assimilation. Like G. Tcherkez and co-authors [23], Gessler et al. [7] consider
that during the light period the reserve starch pool is formed. As a result of destruction in
the dark, the pool generates sucrose enriched in '3C. On the other hand, triosophosphates
formed in Calvin cycle in the light and exported from chloroplasts into cytoplasm, have
"light"* carbon isotope composition and form glucose enriched in !2C. Thus, according to
the authors, sucrose pools arising during the light and dark periods and bearing different
carbon isotope ratio provide the basis for circadian rhythms and, in particular, give rise
to the observed carbon isotope differences for WSOM and IOM foliar fractions of castor
beans.

However, the authors' assertion that the initial starch destruction is followed by
carbon isotope effect resulting in 13C enrichment of sucrose contradicts with experimental
data of P.H. Abelson and T.C. Hoering [1] who did not find any noticeable effect of
C isotope fractionating during starch destruction up to its transformation into pyruvate
(a product of glucose destruction in Embden - Meyerhof - Pamas pathway).

On the contrary, in accordance with the oscillatory hypothesis, two isotopically
different carbohydrate pools really emerge in photosynthesis, but as a result of oscillations,
since in their different phases, carbon isotope fractionation with opposite trends occurs
[12, 15]. In accordance with this concept, the reason for isotope discrepancies in WSOM
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and IOM of castor beans leaf fractions results from their connection with these two pools
and temporal organization of photosynthetic metabolism, as well. For a better insight,
take into consideration that IOM leaf fraction predominantly consists of lipid, protein and
lignin components which are produced on the basis of "light” carbon pool synthesized
in carboxylase phase of Rubisco function, whereas WSOM fraction mainly consists of
components (labile carbohydrates, organic acids, some amino acids) synthesized in
oxygenase phase of Rubisco function. Although it should be marked (see below) that some
"light” components can participate in IOM fraction formation, too.

Prior to the analysis of 513C diurnal variations of castor beans characteristics obtained
by Gessler and co-authors [7] within the frameworks of the oscillation model, it is crucial
to outline the problem. According to the model, carbon metabolism in photosynthesis is an
oscillating process. Carbon fluxes in the Calvin cycle change their direction depending on
whether Calvin cycle works in the direction of C0, assimilation and glucose synthesis or
in the direction of photorespiration that partially oxidizes substrate formed in assimilation
phase and produces CO0,. This cycle state switching is due to the dual ability of Rubisco to
function either as carboxylase, or as oxygenase [18,21,22]. It is essential that in each phase
carbon isotope effects opposite in their sign appear. As a result, two carbohydrate pools
different in carbon isotope composition are formed.

Addressing Gessler and co-authors' work [7], let us first see the ranges of diurnal
variations of the examined isotope characteristics in castor beans. They are shown in
Figure 1. At each vertical segment depicting the range of 613C variations, the maximum and
minimum points corresponding to light and dark periods as well as the point corresponding
to average 6'3C value for 24 hours, are given.

As it follows from Figure 1, the ranges of 6!3C variations of the foliar WSOM and
IOM fractions do not overlap. The carbon of foliar IOM fraction is enriched in 12C relative
to the carbon of foliar WSOM fraction. The range of 6'3C of phloem sap organic matter
variations almost completely coincides with the range of 6!3C characterizing IOM fraction
and only small part of it overlaps with the range of 3!3C variations of WSOM fraction. The
main issue in question is the cause for 12C enrichment of WSOM fraction in relation to [OM
fraction.

In the frameworks of the oscillatory model and considering the known plant cell
biochemistry, the difference in the ranges of the foliar WSOM and IOM fractions has a
simple interpretation. Most of the IOM fraction components of lipid, protein and lignin
origin are synthesized at the expense of carbon feeding glycolytic chain. The latter is bound
to "light” carbohydrate pool and is produced in carboxylase phase of Rubisco function.
This explains the enrichment of IOM fraction in 2C. Most of the cell structures, e. g.,
enzymes, membranes are built of these components.

The great amount of WSOM fraction components are labile carbohydrates, organic
acids and other photorespiratory products. They are derived in the oxygenase phase and
bound to "heavy” carbohydrate pool [5,12]. That is why they are enriched in 13C. The extent
of 513C enrichment depends on a number of carbon flux turns in photorespiratory loop. The
carbon of this pool is in part exported with phloem sap to the points where the growth of
heterotrophic tissues occurs. This is the reason for the enrichment of heterotrophic organs
in 13C as compared with that of autotrophic ones. Many investigators have observed this
fact long ago but have failed to give a satisfactory explanation so far [3, 6, 8, 24].

Figure 1 shows that the diurnal variation range of 3'3C for WSOM fraction and
phloem sap almost coincide. It should be expected, as it was shown by A.A. Kursanov [20],
that labile sugars, being the prevalent component of the "heavy” pool, are not only main
transport agents, but also the key carbon source for plants' heterotrophic tissues. Thus,
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the coincidence of the §'3C diumal variations of WSOM fraction and phloem sap organic
matter composition supports the above assertion and apparently is a reflection of that fact.
The observed carbon isotope differences between the WSOM and the IOM leaf fractions
clearly indicate their link with the assumed oscillations.

WSOM fraction, as shown further, includes some components whose synthesis is bound
to the pool formed in carboxylase phase of oscillations, but, as derived from the averaged
values of 813C for the whole fraction, their contribution is insignificant (Figure 1).

Fig-1 . The range of 5'3C diurnal variations of foliarwater-soluble organic
matter (WSOM), total and water-insoluble organic matter (IOM) as well
as the phloem sap organic matter for castor bean (Ricinus communis)

The figure was replotted from the paper by A. Gessler et al. [7]

Figure 2 shows sampling points on the castor beans plant where leaf samples from
the canopy and stem samples along the shoot were taken [7].

Further on, it seems worthwhile to consider experimental dynamics of !3C diumal
variations of WSOM fraction, observed by Gessler and co-authors [7]. As per Figure 3a,
each point characterizing 3!3C of the foliar WSOM fraction and disposed at different height
in canopy has its own specific 6!13C value. According to the oscillation concept, it means
that the specific conditions of photosynthesis at each point in the canopy are determined
by various parameters (light intensity, exposure, gas exchange, water availability, etc.). All
these parameters change along the shoot in the canopy. Each point (leaf) is characterized
by its own diumal curve. Moreover, the curves are similar in shape and synchronous. The
leaves corresponding to the higher level of 6!13C enrichment are located at the top of the
canopy and vice versa.
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All environmental factors mentioned above influence CO0,/0, ratio and hence affect
the balance of CO0, contribution in assimilation and photorespiration thus determining

isotope composition of leaf biomass.

In this connection, the study of A.M. Borland and co-authors [5] should be mentioned.
A great isotopic difference (about 5-6%0) was found between shaded and exposed leaves
of Clusia minor L. (C3-CAM plant). The exposed leaves were enriched in 3C as opposed
to shaded ones. The difference became even greater in the conditions of limited water
availability (in dry season). The analysis of these and other results brought about the
explanation [10] that the exposure and water deficit stimulate photorespiration and cause
the enrichment in 3C. Therefore, we consider that in case of castor beans, 13C enrichment
of leaves from the bottom to the top of the canopy could be explained by the increased

contribution of photorespiration.

Close similarity and synchronism of &13C
diurnal curves for WSOM fraction in various
leaves (Figure 3a) point out the same character of
the processes occurring in them and the existence
of the common mechanism of synchronization
at the plant level. The analysis of 8!3C diurnal
variation curves for WSOM fraction (Figure 3a)
reveals that with the morning photosynthesis
onset the fraction carbon is getting enriched in
12C. It reaches maximum at noon and then relative
stabilization takes place. The latter continues up
to 16:00. Afterwards, a rapid '3C enrichment of
carbon fraction occurs until it reaches the level
corresponding to the $13C values of dark period.

No distinct isotopic variations of WSOM carbon
were observed in the dark. The oscillatory concept

explains such a shape of isotopic curves as
follows.
The most interesting fact — an obvious 2C

enrichment of WSOM fraction observed in the
light period - is explained by the entry of some
soluble components into the fraction. They are
synthesized in the carboxylase phase at the onset of
photosynthesis. They mightbelowmolecularweight
Calvin cycle products, suchaserythrose phosphates,
or phosphoenolpyruvate, which is an intermediate
product of lignin synthesis. Both of them are also
linked to the pool of "light” carbohydrates that
is formed in carboxylase phase of oscillations.

To distinguish two carbon fluxes associated with
"light” and "heavy” carbohydrate pools, one flux
was named assimilatory flux, while the other
is  photorespiratory one [10]. Low-molecular
metabolites of glycolytic chain synthesized there
in gluconeogenetic phase in the light period appear
to be another source of 12C-enriched ("light™)

Fig. 2. The scheme of a castor bean plant
(R. communis) with places of sampling
indicated. Carbon isotope  composition
of WSOM and IOM fractions was sepa-
rated from fully developed leaves (L1-L7).
Samples of phloem sap organic matter
were taken along the stem (a-f) at six time
points during a diel course. For the analy-
sis of stem’s total organic matter, samples
were taken from the same six positions.
The figure was replotted from Gessler
etal. [7]
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components. They are soluble and also can participate in WSOM fraction. However, it
should be emphasized that in spite of some contribution of "light” components associated
with assimilatory flux to the WSOM fraction, the total carbon of the fraction always retains
its "heavy” isotope composition. As one can see from Figure 1, the ranges of WSOM
and IOM do not overlap anywhere and the fractions are easily distinguishable from one
another.

Due to the pronounced differences in 8'3C diurnal curve shapes in the light and dark
periods and due to their reproducible character in time the circadian rhythms may be readily
displayed. This is a crucial aspect since it might be used in the studies of the photosynthesis
to follow its diurnal dynamics.

Let us decipher 6'3C diurnal curves for the IOM fraction the same way as before.
From Figure 3b, one can see the same periodicity in the curve behavior as in the previous
case. It is not surprising since the external factors determining curves' behavior in both cases
appeared to be the same. Diurnal dynamics for each leaf level in the canopy is described by
similar and separate curve. At the top level of the canopy, the curve corresponds to greater
13C enrichment of IOM fraction as compared to the curve corresponding to the bottom level
of the canopy.

The ranges of 313C diurnal variations between the curves at the top and at the bottom
of the canopy for IOM and WSOM fractions are clearly distinct. The range for WSOM
carbon is much greater than that for IOM carbon. It can be interpreted through the fact
that WSOM carbon is impacted by both carbon isotope effect of CO, assimilation and that
of photorespiration whereas IOM carbon is only influenced by the isotope effect of CO,
assimilation.

The amplitude of 8!3C variations (Figures 3a and 3b) is another feature differing
diurnal curves for WSOM and IOM fractions. The range for WSOM curves is much
greater than that for IOM ones. As per the oscillation model, most of WSOM fraction
components are synthesized via substrates of the Calvin cycle in the carboxylase phase
when transketolase and transaldolase reactions randomize atoms and alleviate isotopic
discrepancies.

Comparing 6!3C diurnal curves for WSOM and IOM fractions (Figures 3a and 3b),
one can reveal an extra difference in curves' behavior. It refers to the inverse character of
the curves. The shifts of 613C diurnal curves for WSOM fraction precisely correspond to
those of IOM fraction but in the opposite direction, i.e. isotopic changes are of opposite
signs. The idea of a reciprocal relationship between CO, assimilation and photorespiration
was put forward in the work of A.A. Ivlev and co-workers [10]. Later it was experimentally
confirmed in the work of M.J. Andre [2] as a relationship between C0, consumption in
assimilation and 02 consumption in photorespiration. It has been named the "mirror
effect”.

Besides the leaf fractions, Gessler and co-workers [7] have examined diurnal
isotopic variations of the stem carbon and organic carbon of phloem sap (Figures 4a and
4b). Sampling was done at various heights along the stem.

The analysis of 8!13C diurnal curve dynamics characterizing stem carbon (Figure 4a)
shows that it resembles the behavior of 3!3C diurnal curves for the foliar WSOM fraction.
They have the same range of §!3C variations and reveal distinct enrichment in 2C at the
onset of photosynthesis. Each sampling point is defined by a separate curve. However, the
curves' shapes are found to be somewhat different from those describing foliar WSOM
fraction. There is no stability interval between 12:00 and 16:00 and a maximum of
12C enrichment occurs at 19:00 instead of 12:00. These peculiarities of the diurnal curves
are explained by the oscillation concept in the following way. Stem tissues include both
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WSOM and IOM fractions. The addition of IOM fraction results in different diurnal dy-
namics in comparison to the foliar WSOM fraction. The same explanation works for a
slight shift of 6'3C values for the stem carbon to more negative values.

It is interesting to note that the diurnal curve for the point “a” at the stem base
(Figure 1) corresponds to the most 2C-enriched isotope level whereas the diurnal curve
corresponding to the fine roots, disposed even lower than the point “a”, fit into the most
13C-enriched level (Figure 3a). It entirely confirms the previous conclusion that heterotrophic
tissues of plants (fine root tissue in particular) are synthesized mainly at the expense of
WSOM fraction enriched in §!3C.

The organic matter of phloem sap mainly represents the part of WSOM fraction

with admixture of soluble components enriched in 12C (see above) exported from leaves.
That is why the dynamics of
013C diurnal curves have much
in common with those of the
diurnal curves for the foliar
WSOM (Figure 4a). First of all,
there is a distinct enrichment
in 12C in response to the onset
of photosynthesis. The major
difference between the diurnal
curves for the foliar WSOM
fraction and those for phloem
sap is as follows. In case of the
phloem sap, the diurnal curves
for various points on the stem
dispose very close to each other
whereas in case of the foliar
WSOM, the range of the diurnal
curve variations corresponding
to various points is much wider
(compare Figures 3a and 4b).
A very limited range of 6'3C
diurnal curve variations for
the phloem sap is an evidence
of good mixing of assimilates
coming from different leaves. It
means that at the given moment
carbon isotope composition of
the phloem sap along the stem
is the same.

All curves are similar in
shape and have a common peak
corresponding to !2C enrich-
ment at 12:00. It may evi- Time of the day

dence for a good synchro- . ) _ o _ _
nization of the metabolite Fig. 3. 6%C Diurnal varlatlons_ of foliar water-soluble organic

. . matter (WSOM) (a), and water-insoluble organic matter (IOM)
syptheses In various leaves (b) in all seven leaves (L1-L7) of R. communis. The solid curve
with the assimilate transport. indicates the canopy weighted mean values. The figure was re-
It should also be noted that plotted from Gessler et al. [7]
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the amplitude of 6'3C diumal curve variations for the phloem sap is slightly wider than
the corresponding range for the foliar WSOM fraction and the range itself is shift-
ed to the "light” 813C values. The latter is a result of WSOM fraction mixing with the
soluble low-molecular components synthesized in the carboxylase phase of photo-
synthetic oscillations.

The only aspect that remains unclear is why 813C value of the phloem sap from the
point "e” does not follow this common rule. Its diumal curve does not coincide with the
other curves.

Conclusions

The use of the oscillation model of photosynthesis for the interpretation of 3!3C
diumal curves for WSOM and IOM fractions of leaves, for the total carbon of the stem at
different points and for the phloem sap, observed by A. Gessler and co-workers [7], makes
it possible to conclude the following:

1. The carbohydrate pool
formed in the carboxylase phase
of photosynthetic oscillations is
the basic carbon source for the
leaf IOM fraction synthesis. As
a result, IOM carbon is enriched
in 12C.

2. The carbohydrate pool
formed in the oxygenase phase
of the photosynthetic oscilla-
tions is the basic carbon source
for the leaf WSOM fraction
synthesis. As a result, WSOM
carbon is enriched in 13C.

3. At the onset of pho-
tosynthesis, a part of the low-
molecular soluble components
synthesized in the carboxylase
phase of photosynthetic oscil-
lations with their "light” car-
bon isotope composition falling
into WSOM fraction causing
its enrichment in 12C which
reaches maximum at noon and
then decreases up to the end
of photosynthesis. It makes
it possible to use 8!3C diumal

Time of the day curves for studies of WSOM
fraction dynamics in photo-

Fig. 4. 8'3C Diurnal variations of stem and fine roots total car- synthesis. .
bon (a) and phloem sap organic matter (b) along the axis (a-f) 4_- The phloem sap is
of R. communis during the diel course. Positon “a” denotes a predominantly formed at the

sampling site at the stem base; “f” is the uppermost position on expense of the foliar WSOM
the stem. The figure was replotted from Gessler et al. [7] fraction and its carbon isotope
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composition is enriched in 13C as well. Since the phloem sap supplies substrates for the
synthesis of heterotrophic tissues, it explains the 13C enrichment of heterotrophic plant
organs as compared to autotrophic ones. 8!3C diumal curves for the phloem sap, like
those for the foliar WSOM fraction, reflect the impact of mixing with soluble components
synthesized in the carboxylase phase and enriched in 12C. Hence, they also may be used in
the research of photosynthesis dynamics.

5. Bearing in mind the relative methodological simplicity of the techniques for the
phloem and foliar WSOM fraction sampling, the §!3C diumal curves may be used as a fine
instrument for the studies of the circadian rhythm in photosynthesis in the real-time mode.

6. Carbon isotope composition of the phloem sap may be also used in assimilate
transport studies.
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WHTEPITPETAILIA CYTOYHBIX BAPMAIIM N30TOITHBIX
XAPAKTEPUCTUK PACTEHUI B PAMKAX OCLIJUIALIMOHHOM
MOJIEJI1 ®OTOCUHTE3A HA IMTPUMEPE KJIEHIEBMHbBI
(RICINUS COMMUNIS L.)

A.A. Usnes, N.I'. TapakaHos

(PTAY-MCXA umenu K.A. Tumupsizena)

Annomayusa: 6 pamxax OCYuLTAYUOHHOU KOHYenyuu @omocunmesa aHanu3upyemcs cy-
mounas ounamuka eenuyun 03C yerepooa gpaxyuu 8000pacmeopumoco OpeaHu¥ecKo2o Geueci-
6a (BOB) u ¢hpaxyuu eodonepacmeopumoco opeanuueckoeo eewecmea (BHOB) nucma knewegu-
Hbl, 00We2o ya2nepooa cmebis U OpeaHUUecKko20 Gewjecmea coka (DrodIMbl, U3VYEHHbIX 6 IKCHepu-
MmenmanvHou pabome [eccnepa ¢ coasm. [7]. Tlokazano, umo uUCMOYHUKOM yenepooa Oisi CUHmesd
xkomnonenmos paxyuu BHOB sgnsiemcs yeneoowuiii (pono, 803HUKWUL 6 KapOOKCUuniasHou pase
Gomocunmemuueckux ocyunnayull u obozawennviii uzomonom 2C oraeodaps uzomonnomy sQgex-
my yenepooa 6 peaxkyuu Kapooxcunuposamus puodynozooucgogpama (Pub®). Illpeumywecmeennvim
UCTMOYHUKOM Yenepoda 0ia cunme3a KomMnorenmos ¢paxyuu BOB sensemcs yene6oOHwll poHo, 00-
PaA308a8UIUIICS 8 OKCU2EHA3HOU (asze (omocunmemuyeckux ocyunnayui u oboeawennviii 3C Ona-



200apsi U30MONHOMY dPpexmy enuyuHdecUOPOLeHA3HOU peakyuu 6 3moi gaze ocyuniayui. B umo-
ee gpakyus BHOB gcecoa meckonvko oboeawjena uzomonom 12C ommnocumenvno ¢paxyuu BOB.
Dpaxyus BOB sensiemcst ena6HbIM UCMOYHUKOM OPeAHUYECKUX 6eujecme coka (paroamvl. Dmu eeuje-
CcmMea UCNONL3YIOMCS pacmenuem Ol CUHme3a OUOMAaccbl Heomocunmesupyiowux (cemepompog-
HbIX) opeanos. B smom, no uawiemy MHeHUlO, 21A6HAS NPUYUHA HAOI00AeMOou 0002aujeHHOCmuU
2emepompo@HbIX 0peanos pacmenuil (KopHei, cemsH, opeeecunvt) uzomonom 3C ommocumensro
aemompo@uvix (mucm, x60s). Paznuuus uzomonnoeo cocmaga yenepooa ¢paxyutt BHOB u BOB
Moz2ym Oblmb UCNONL306AHBL 01 U3YYEHUs (QOMOCUNmMe3d U MPAHCNOpmMa AcCUMUTAMOS 6 PedtCUMe
PeanbHo2o 8peMeHU CYMOK.

Kniouesvie crnosa: uzomonmnvle Xapaxmepucmuky yerepood, OCYULISIMOPHAS MOOelb (homo-
cuHmesda, CymouHdas OUHAMUKA, B000PACMBOPUMAS U BOOOHEPACMEOPUMAs (QPAKYUU AUCMA, COK
Gnosmul.
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