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Seasonal dynamics of photosynthetic pigments (chlorophylls a, b and carotenoids) in
woody plants of the Altai Botanical Garden

This article reflects the results of studies of photosynthetic pigments (chlorophylls a, b and carotenoids) in 14
species of deciduous plants (trees and shrubs) and one coniferous Juniperus sabina L. in the AltaiyBotanical
Garden during two growing seasons. The following species have a high accumulation of pigments: Acer ta-
taricum L., Juglans cinerea L., Tilia cordata L., Corylus avellana L., Cotoneaster lucidus Schleght., Lenic-
era tatarica L. For the coniferous species Juniperus sabina L. low levels of chlorophylls a, b and carotenoids
are characteristic. Berberis thunbergii DC is also distinguished by a low accumulation of photosynthetic pig-
ments. Minor differences between the species were noted in the content of carotenoids, twelvesSpecies were
included in the group with low and medium content of this pigment. There is no definite pattern in/the accu-
mulation of carotenoids, and the data on the types and number of yellow pigments do not. differ significantly.
As a result of the conducted studies, a correlation was revealed between the contént.of carotenoids and the
content of chlorophyll a in most species. The data obtained indicate the presence of$pecies specificity in the
content of chlorophylls a, b and carotenoids. Also, the photosynthetic apparatus of woody plants is sensitive
to light and water conditions.
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Introduction

The criteria for the functional state of woody plants are the’state of the photosynthetic apparatus of the
plant organism, which is very sensitive to externaliinfluences: the content of pigments, changes in the ana-
tomical structure of the leaf apparatus. Assimilation activity of plants is the primary metabolic process, the
effectiveness of which is determined by growth and reproductive processes. Undoubtedly, photosynthetic
structures and processes are indicators ofihe general state of the plant organism [1]. A number of works are
devoted to the study of the structural.and functional features of the photosynthetic apparatus of woody
plants [2—-4]. During introductory mavements, changes in physiological functions, plasticity, and the content
of chlorophylls and carotenoids,the main photoreceptors of a photosynthetic cell, occur. In this regard, an in-
depth study of the biological and physiological characteristics of woody plants in the conditions of the moun-
tain-forest zone of the East/Kazakhstanregion is relevant.

It is known that chlorophylls and carotenoids play an important role in the processes of photosynthesis.
They are responsible for the“absorption and conversion of energy in photochemical reactions and the protec-
tion of the photosyntheticrapparatus from oxidation. In addition, pigments have a variety of biological activi-
ties and can affect-human health [5]. The similarity of the chemical structure of chlorophyll and heme of the
non-protein part of hemoglobin determined the use of chlorophyll preparations in medicine as agents that
enhance hematopeiesis and increase immunity. Chlorophyll also has antimicrobial, wound healing, anti-
inflammatory, tonic effects, stimulates the heart, respiratory center and neuromuscular system, removes tox-
ins, normalizes blood pressure, and prevents the formation and deposition of calcium [6, 7].

Experimental

The object of the study was 15 species of woody plants growing in the dendroflora area of the Altai Bo-
tanical Garden. The content of chlorophylls a, b and carotenoids was determined in the coniferous species —
Juniperus sabina L., deciduous species (trees) — Acer ginnala Maxim., Acer tataricum L., Betula pendula
Roth., Crataegus sanguinea Pall., Fraxinus lanceolata Bjrckh., Padusracemosa (Lam.) Gilib. Tilia cordata
L., Juglans cinerea L., deciduous species (shrubs) — Cotoneaster lucidusSchlecht., Berberis thunbergii DC.,
Berberis vulgaris L., Euonymus maackii Rupr., Lonicera tatarica L., Corylus avellana L.

The content of chlorophylls a, b and carotenoids was determined using a Jenway spectrophotometer
mod. 6300 (320-1000 nm, slit 8 nm, single-beam, non-scanning). From each species, fragments of 3 leaves
were taken for fixation, in triplicate according to the Godnev method [8]. The pigments were extracted in a
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96 % solution of ethanol, porcelain mortar until the consistency of a homogeneous slurry. When determining
the concentration of chlorophyll, the pigment was carefully removed from an accurately taken sample, not
allowing the loss of a single drop of the extract. The volume of the extract was 10 ml. Further, the values
were obtained at optical density D470, D644, D663, which were used for calculations the content of chloro-
phyll a, chlorophyll b and carotenoids according to the formulas.

Chlorophyll a 12.25*A663-2.79*A644

Chlorophyll b 21.50*A644-5.10*A663

Carotenoids (1000*A470-1.82*cA85.02*cB)/198.

To distribute the observed species for each physiological parameter, the data were divided into classes
with the lowest, average, and highest values. So, according to the content of chlorophyll a, — low content in
the range of 3.34-9.06 mg / |, average — 9.07-14.79 mg / I, high — 14.80-20.51 mg / |, according to chlo-
rophyll b — low content 0.10-0.51 mg / |, average — 2.52-4.93 mg / |, high — 4.94-7.33 mg / |, for, carote-
noids — low — 4.08-5.95 mg/l, average — 5.96-7.83 mg/I, high — 7.84-9.70 mg/I [9].

Results and discussions

The plants participating in the experiment grow in the arboretum of the Altai Botanical Garden with fa-
vorable conditions for the water regime of the soil. The results of studies during=two growing seasons
showed that photosynthetic pigments of plants are sensitive to changes in température and soil moisture. In
the studied species, the average value for chlorophyll a in deciduous trees is41:62 mg/l, deciduous shrubs —
10.81 mg/l; chlorophyll b — 1.57 mg/l; carotenoids in deciduous trees - 642 mg/l, deciduous shrubs —
6.68 mg/l. Weather conditions for the growing season 2022 contributed to the increased accumulation of the
above pigments by 2-6 mg/l. In the second decade of July 2021 the,lowest content of chlorophyll a was not-
ed in the tree species Fraxinus lanceolata Bjrckh. — 8.13 mg/l and shrub Berberis vulgaris L. — 4.98 mg/I
(Fig. 1, 2).
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Figure 1. Seasonal dynamics of chlorophyll a content in deciduous species (trees) (mg/l wet matter)
for the growing season 2021
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Figure 2. Seasonal dynamics of chlorophyll a content in deciduous species (shrdbs).and coniferous species — Juniperus
sabina L. (mg/l wet matter) for the growing season 2021

The highest value for this pigment was noted in two tree species: Acer tataricum L. — 15.26 mg/l, Tilia
cordata L. — 16.14 mg/l and three shrub species — Cotoneaster lucidus Schlecht. — 17.14 mg/l, Euonymus
maackii Rupr. — 18.51 mg / | and Corylus avellana £,—19.46 mg/l. In Padusracemosa (Lam.) Gilib., Lo-
nicera tatarica L., Crataegus sanguinea Pall. the maximum values for chlorophyll a vary within the follow-
ing limits (6.80-13.55 mg/l). They are noted at the.beginning, of the season (first two analyses).

In July 2021 most of the species had a high content of chlorophyll a. Then there was a decrease in the
level of this indicator and at the end of the growing season (in the second decade of August), the content of
chlorophyll a in the leaves of plants is the lowest. This is clearly expressed in species: Padus racemosa
(Lam.), Acer ginnala Maxim., Juniperus‘sabina L., Euonymus maackii Rupr., Crataegus sanguine Pall. At
the same time, an increase in this pigment is‘observed in the following species — Fraxinus lanceolata
Bjrckh., Juglans cinerea L., Acer tataricum L., Corylus avellana L., Berberis vulgaris L., Cotoneaster lu-
cidus Schlecht. In the second decade of August (August 17), the maximum accumulation of chlorophyll a
was noted only in tree species: Tillacordata L. — 21.66 mg/l, Juglans cinerea L. — 19.47 mg/l. During this
period, they do not observe coloring of the leaves.

Low level (average values) for the content of chlorophyll a in tree species for the growing season 2021
noted in the coniferous species Juniperus sabina L. — 7.95 mg/I, in two deciduous species (trees) — Acer
ginnala Maxim. — 8.22 mg/l, Crataegus sanguinea Pall. — 7.19 mg / | and two deciduous (shrub) — Ber-
beris thunbergii DCy,— 5,38 mg/I, Berberis vulgaris L. — 8.45 mg/l. With a low content of chlorophyll a —
5 speciesx(33.3 %), medium — 4 species (26.6 %), high — 6 species (40.0 %) [9].

In 2022 almost-all species have the same accumulation of chlorophyll a during the growing season, with
the exeeption of two dates (8.08. and 22.08.), when the data were out of the general range of figures. So,
Acer ginnaladVaxim. during the growing season, the values for chlorophyll a are constant and only at the
end of August 22.08. there is a sharp decrease in it by half to 5.71 mg/l compared with the average value of
11.63 mg/l (Fig. 3).

Betula pendula Roth. the low content of chlorophyll a — 6.62 mg/l was noted in early August (08.08.),
and the high content — 18.45 mg/I falls on the end of August. In Padus racemosa (Lam.) Gilib. the content
of chlorophyll a decreases in August to 5.51 mg/l compared to an average value of 9.30 mg/l. Also at the end
of the season (22.08.) it decreases in Corylus avellana L. to 12.48 mg/Il, the average is 18.24 mg/l and Euon-
ymus maackii Rupr. up to 9.99 mg/I, average 13.65 mg/l (Fig. 4).

In the species Acer tataricum L., on the contrary, there is a slight increase in this pigment to 18.97 mg/I
in the first ten days of August (08.08.) in comparison with the average value of 15.04 mg/l. In Berberis vul-
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garis L., this indicator increased sharply at the end of August (August 22) to 18.45 mg/l compared to the av-
erage of 10.27 mg/I.
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Figure 3. Seasonal dynamics of chlorophyll a content in deciduous species (trees) (mg/l wet matter) for the growing
season 2022: 1 — May, 2 — June, 3—July, 4»— August
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Figure 4. Seasonal dynamics of chlorophyll a content in deciduous species (shrubs) and coniferous species (mg/l wet
matter) for the growing season of 2022: 1 — May, 2 — June, 3 — July, 4 — August

If in 2021 by the end of the growing season, there is an increase in chlorophyll a in ten species: Acer
ginnala Maxim., Betula pendula Roth., Crataegus sanguinea Pall., Fraxinus lanceolata Bjrckh., Juglans
cinerea L., Tilia cordata L., Cotoneaster lucidus Schlecht., Corylus avellana L., Euonymus maackii Rupr.,
Lonicera tatarica L., then in 2022 — in four species: Acer tataricum L., Betula pendula Roth., Tilia cor-
dataL., Corylus avellana L. Low content of chlorophyll a during the growing season of 2022 noted in Cra-
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taegus sanguinea Pall. — 7.58 mg/l, Berberis thunbergii DC — 4.84 mg/Il, Juniperus sabina L. — 4.40 mg/I.
Acer ginnala Maxim. there was a rapid decrease in the amount of chlorophyll a at about the same time from
5.08.2021 as of 17.08.2021 (8.84 mg/l to 3.34 mg/l by 2.6 times) and from 8.08.2022 as of 22.08.2022
(13.21 mg/l to 5.71 mg/l 2.3 times).

For chlorophyll b, low rates were noted on average, 1.57 mg / |. Its synthesis is much less than that of
chlorophyll a. Its lowest content is in Juniperus sabina L. (0.62 mg/l in 2021 and 0.40 mg/I in 2022), the
highest in Corylus avellana L. (3.71 mg/l in 2021 and 3.96 mg/l in 2022), average values. 10 species have a
low content of this pigment, of which 5 are tree species, 4 are shrubs and one is coniferous (66.7 %), the
average value was noted in four species (26.6 %), with a high accumulation of one species Corylus avellana
L. (6.7 %). Its lowest content in Juniperus sabina L. is 0.40 mg/l, the highest in Juglans cinerea L. is
3.56 mg/l, Tilia cordata L. is 2.86 mg/l, Corylus avellana L. is 3.96 mg/l, average values.

Carotenoids are an integral component of the antioxidant system of plant protection, causing a‘response
to stress factors. According to the content of this pigment, the average value for species‘over twe. years is
6.34 mg/l. Cotoneaster lucidus Schlecht has the highest value (9.66 mg/l in 2021 and"7.56 mg/l in 2022),
Corylus avellana L. (9.71 mg/l in 2021 and 7.33 mg/l in 2022), Berberis thunbergii DC (9:24 mg/l'in 2021),
Tilia cordata L. (7.71 mg/l in 2022), Lonicera tatarica L. (7.65 mg/l in 2022) and minimal Fraxinus lanceo-
lata Bjrckh. (4.13 mg/l in 2021), Crataegus sanguinea Pall. (4.39 mg/1 in 2022) (Fig. 5=8).
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Figure 5. Seasonal dynamics of the content of carotenoids in deciduous species (trees) (mg/l wet matter) for the growing
season 2021: 1 — July, 2 — August
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Figure 6. Seasonal dynamics of the content of carotenoids in deciduous species (shrubs) and coniferous species — Ju-
niperus sabina L. (mg/l wet matter) for the growing season of 2021: 1 — July, 2 — August
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Figure 7. Seasonal dynamics of the content of carotenoids in deciduous species (shrubs) and coniferous species — Juni-
perus sabina L. (mg/l wet matter) for the growing season of 2022: 1 — May, 2<— June, 3 — July, 4 — August

A definite pattern in the accumulation of carotenoids was not revealed, and the data on the types and
amounts of yellow pigments do not differ significantly. The high accumulation of this pigment by the end of
the growing period of 2021 deciduous species (trees) were/characterized: Acer tataricum L. — 8.21 mg/I,
Betula pendula Roth. — 6.08 mg/l, Juglans cinerea L&— 7.63 mg/ly, Of the deciduous species (shrubs), Ber-
beris thunbergii DC contains the most carotenoids. — 9.18 mgl/l, Berberis vulgaris L. — 5.94 mg/I.

Almost at the same mark for two seasons, the.content of carotenoids in Lonicera tatarica L. and Fraxi-
nus lanceolata Bjrckh. (6.25-6.87 mg/l and 4.99-6.27 mg/l, respectively). The lowest indicator for the con-
tent of carotenoids was noted in the coniferous species™Juniperus sabina L. — 4.65 mg/l in 2021, and 3.57
mg/l in 2022. As a result of the research, it was found that four species have a low content of carotenoids
(26.6 %), eight species have an average<eentent (53.3 %) and three species have a high content (20.1 %).
During the growing seasons, the datasomythe accumulation of carotenoids among the studied species differ
slightly.
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Figure 8. Seasonal dynamics of the content of carotenoids in deciduous species (shrubs) and coniferous species — Ju-
niperus sabina L. (mg/l wet matter) for the growing season of 2022: 1 — May, 2 — June, 3 — July, 4 — August

As a result of the analyses performed, a correlation was found between the amount of chlorophyll a and
carotenoids. This was clearly confirmed by the highest and lowest values in 25 cases out of 120 determina-
tions in 2022. The same weather conditions at the end of June and July (27.06., 29.07.) 2022. influenced the
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equal ratio in the accumulation of chlorophyll a and carotenoids in six species: Juglans cinerea L., Tilia cor-
data L., Corylus avellana L., Cotoneaster lucidusSchlecht., Euonymus maackiiRupr., Lonicera tatarica L.

In tree species Crataegus sanguinea Pall. and Padus racemosa (Lam.) Gilib. there is a gradual decrease
in the content of pigments: chlorophyll a and carotenoids in the period from 19.07. to 17.08. during the
growing season 2021. So, in the first species for chlorophyll a — from 10.19 mg /1 to 8.02 mg / |, for carote-
noids — from 5.60 mg / 1 to 5.16 mg / I. In Crataegus sanguinea Pall. for chlorophyll a — from 9.96 mg / |
to 3.86 mg / |, for carotenoids — from 6.14 mg /1 to 3.78 mg / I. The same decrease in the above-mentioned
pigments was noted in the shrub species Euonymus maackiiRupr. for chlorophyll a — from 18.51 mg /| to
14.27 mg / 1, for carotenoids — from 7.81 mg/1to 6.51 mg/ I.

Two species of Cotoneaster lucidus Schlecht. and Tilia cordata L. there is a more active accumulation
of chlorophyll a and carotenoids. So, in the first species in 2021 accumulation of chlorophyll a is.equal to
18.10 mg/l, in 2022 — 14.79 mg/l, carotenoids in 2021 — 8.34 mg/l, in 2022 — 7.56 mg / I. The second
species in 2021 accumulation of chlorophyll a — 18.25 mg / |, in 2022 — 16.01 mg/I, accumulation,of carot-
enoids in 2021 — 8.09 mg/l in 2022 — 7.71 mg / |. which made it possible to refer them‘oithe first class,
with a high accumulation.

In terms of chlorophyll a, a high content over two years was noted in Euonymus_maackii Rupr. —
16.66 mg/l in 2021 and 13.65 mg/l in 2022, respectively, and in Juglans cinerea L 17.18 mg/l and
17.21 mg/l. In terms of carotenoids, Corylus avellana L. has a higher concentration of 8:32 ' mg/l in 2021 and
7.33 mg/l in 2022, respectively.

The results of studies during two growing seasons of Juniperus sabina Lsneedles showed low values of
photosynthetic pigments: 4.40 mg/l for chlorophyll a, 0.40 mg/I for chlorophyll b, and 3.57 mg/l for carote-
noids. If we take into account the weather conditions (droughtsand.after rain), then after rain the content of
chlorophyll a and carotenoids in it increases slightly from 4.10 mgy/ | t0'4:69 mg / | and from 3.06 mg/ | to 4,
08 mg/l, respectively.

Conclusions

The analyzes performed showed that the accumulation of‘chlorophylls a, b and carotenoids is specific
for each species of woody plants and depends on genetic characteristics, water and light regimes of the plant,
leaf age, and other conditions. In the studied species during the growing seasons, the average value for chlo-
rophyll a — in deciduous trees is 11.62 mg/l; deciduous shrubs — 10.81 mg/l, chlorophyll b — 1.57 mg/l,
carotenoids in deciduous trees — 6 12 mg/I, deciduous shrubs 6.68 mg/l. Weather conditions 2022 contribut-
ed to the increased accumulation of the aboveypigments by 2—-6 mg/l. The lowest concentration of all photo-
synthetic pigments is observed in three species: Juniperus sabina L., Crataegus sanguinea Pall., Berberis
thunbergii DC., the highest is @bserved in four species: Acer tataricum L., Juglans cinerea L., Tilia cordata
L., Corylus avellana. Photosynthetic pigments, being a single complex, are in a certain ratio characteristic of
each species. Based on the sesults ofithe analyzes, a direct relationship was revealed between the content of
chlorophyll a and carotenoids:
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AurTail 00TAaHUKAJIBIK 0aFBIHBIH araml eciMaiKTepinaeri
(pOTOCHHTETHKAIBIK MUTMEHTTEPAIH
(a, b xJ0opoduiaepi KoHe KAPOTHHOUATAP) MAYCHIMABIK AMHAMHKACHI

Makanaga Anraii GoTaHMKaNbIK OaFbIHIAFbl €Ki BereTalMsuIBIK KedeHne 14¢OKamblpakThl ©CIMIIKTEpIiH
(ararmrrap Men Gytanap) sxoHe Juniperus sabina L. Gip KbUIKaH jKanbIpakThl ©CIMIITTHIH (OTOCHHTETHKAIIBIK,
HUTMEHTTEPIHIH (&, b xmopodwuii xoHe kapoTHHOMATAP) 3epTTey HOTIKENEPi OeplareH. Keneci Typiep mur-
MEHTTEp/IiH KOFaphl KHHaKTadybiHa ue: Acer tataricum L., Juglans cinerea L., Tilia cordata L., Corylus
avellana L., Cotoneaster lucidus Schlecht., Lonicera tatarica L. Juniperus Sabina L. KbUIKaH KarbIpaKThl
Typiepine a, b xnopoduii koHe KapOTHHOMATAPABIH Kypambl ToMeH)CoHIal=aK, (POTOCHHTETUKANIBIK TTUT-
MEHTTEpiH TeMeH xuHakTanysl Berberis thunbergii DC-men epekiereneni. Typiaep apachlHIarhbl MaMas
afbIPMAIIBUIBIKTap KapOTHHOUATAPIBIH KYpaMbIMeH OenrineHreH, 12\ Typl ockl MUTMEHTTIH TOMEH YKOHE Op-
Taia ToObIHa Kipeai. KapoTuHonATapIbIH KIHAKTATYBIHBIH OCJii 01 3aHIBUTBIKTAPhI aHBIKTAJIFAH KOK, ajl
capbl MIMTMEHTTEPAIH TYpiiepi MEH CaHBI Typajbl MAlTiMETIep aWTapibIKTail epekmenenoeiini. JKyprizinren
3epTTeylIepAiH HOTIDKECIHIE KOITereH TYPIEePAEEl KapOTHHOMATAp MEH a XJOPOQHIl KypaMbl apachIHIAFbI
KOPPEJSALMs aHBIKTANABL. AJBIHFaH Aepexrep OoMbiHmA a,b ximopodmimepiHiH KoHE KapOTHHOHATAPIBIH
KYPaMbBIHIAFbI TYPIEPIiH epeKIIeniriHii 6oybIH KOPCETTid 3epTTerneTin arau Typiepi a, b xnmopodunaepinin
JKOHE KapOTHHOHMITAPABIH KYPaMBIHIAFEl TYPre TOH PeakUMsIMEH CHUIaTTalalbl. AFall eciMIiKTepiHiH (oTo-
CHHTETHKAJBIK alapaThl )KapbIK IIeH CYy PeXXUMiHe ce3iMTall.

Kinm ce30ep: Typnep, arauitap, Oyranap, Kypamel, a xjaopoduii, b ximopodui, kaporiuHouarap.

T.A. BnoBuna,O.A. Jlaryc, A.H. lanunosa, E.A. McakoBa

Ce3onHaspiuHaMuKa GOTOCUMHTETHYECKHUX TUTMEHTOB
(x10popuTIoB a, b 1 KApOTHHOUTOB) y APEBECHBIX PACTEHUIA
B AJITailicCKOM 00TAaHM4Y€CKOM Caay

B crarbe oTpaKeHBI pe3ysbTaThl HCCIIEA0BaHUN (POTOCHHTETHYECKHX MUTMEHTOB (X1opoduiuios a, b u ka-
POTHHOHIOB) [y '14 BHIOB JINCTBEHHBIX PACTCHHIl (IepEeBbs M KYCTAPHHKH) W OJHOTO XBOWHOrO JUNiperus
Sabina L. 'B.AnraiickoM GOTaHHYECKOM Cajly B TEUCHHE JBYX BErETAIIMOHHBIX MEPHOJOB. BHICOKHM HAKOII-
jdenem nurMeHToB oGnazaror Buasl: Acer tataricum L., Juglans cinerea L., Tilia cordata L., Corylus
avellana L., Cotoneaster lucidus Schlecht., Lonicera tatarica L. [ns xBoitHoro Buga Juniperus sabina L. xa-
PakTepHbl HU3KUE MOKa3aTelt 0 COJepKaHuI0 XIopoduiuios ¢, b u kaporiuHoNIOB. Takke HU3KMM HaKOII-
neHneM (OTOCHHTETHYECKHX MUTMEHTOB oTiuuaercst Berberis thunbergii DC. He3naunTenbHble pasimndus
MEX][y BHIAMH OTMEUEHBI M0 COJECPKaHUIO KapOTHHOMIOB, JBEHA/IATh BUJIOB BKIIIOUCHEI B IPYIITY C HU3-
KUM U CPEIHHM COJep)KaHHeM 3Toro murmeHta. OmnpenereHHOW 3aKOHOMEPHOCTH 110 HAKOIUIEHHIO KapOTH-
HOHUJIOB HE BBIABIEHO, U JaHHbIE IO BUJIAM U KOJIMYECTBY JKEITHIX MUTMEHTOB pasHATCA He3HauMTeNnbHO. B
pe3ynbTaTe MPOBEICHHBIX HCCIEJOBAaHUN BBIABIECHA KOPPEISALUS MEXIY COAEpKaHMEM KapOTHHOHIOB U
xnopoduiia a y 6oipuinHCTBA BUIOB. [loydeHHbIe TaHHBIE CBUACTENBCTBYIOT O HAMYMU BUIOCTICH(UY-
HOCTH B COJIep:KaHUU XJIOpOGHIIOB @, b 1 kKapoTHHOUIOB. Mccienyemple IpeBEeCHbIE BUABI XapaKTEePH3YIOT-
cst BUgocnenuduueckoil peakiuei B cofepkaHiu XJI0podHIoB a, b 1 kapoTuHOH0B. POTOCHHTETHYESCKUIA
anmapar IpeBeCHBIX PAaCTeHUI TyBCTBUTEIEH K CBETOBOMY M BOTHOMY PEXUMY.

Krouesvie cnosa: BuJ, nepesbs, KyCTapHUK, HU3KOE U BBICOKOE COJEpKaHUE, XJI0poGHILT &, b, KapoTHHOUIHI,
(DUTOCHHTETHIECKHUH armapar.

Cepus «buonorusa. Meamuuna. Meorpadusa». 2024, 29, 1(113) 65
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