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Abstract. The results of 40 years of testing of more than 20 aspen clones selected in various
regions of European Russia and the USSR, growing in the Semiluki Tremuletum in the Vo-
ronezh Region, are presented. The survival of plants, growth in height, diameter and volume
of the stem are shown. A ranked assessment has been given and a selection of promising
clones for the creation of highly productive aspen plantations has been carried out. It has also
been noted that sexual dimorphism can have different effects on aspen rot resistance in differ-
ent growing conditions. The testing has been conducted at the Central Research Institute of
Forest Genetics and Breeding (currently the All-Russian Research Institute of Forest Genet-
ics, Breeding and Biotechnology). A number of employees of the Institute have been engaged
in the selection of the best forms, and then in hybridization, since its organization in 1971.
The aim of this study has been to investigate the survival and growth of 21 long-lived aspen
clones, as well as their productivity (in terms of stem volume), growing in the Semiluki Tremu-
letum of the Voronezh Region. It has been revealed that the height variation at the age of 40 has
been quite wide — from 17.3 to 31.3 m, diameters — from 28.0 to 50.0 cm, stem volumes — from
0.3 to 2.4 m3. The top 5 has included 2 aspen clones from the Botanical Garden of the Voronezh
State University (clones no. 16 and 17), 2 hybrids introduced from the Baltic States (clones
no. 20, 23) and American aspen (clone no. 29). Their average height at the age of 40 has been
26-31 m, diameter — 4250 cm, stem volume — 1.4-2.4 m3. This indicates the possibility of
selecting promising aspen clones for their further propagation and introduction into planta-
tion forest cultivation. At the same time, male clones (Pzg hybrid and American aspen clone
no. 29), also introduced from the Baltic States, can be recommended for landscaping.

Keywords: tremuletum, aspen, clones, hybrids, variety testing, ranking, growth and produc-
tivity analysis, sexual dimorphism, selection
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Annomauyus. TlpencrasneHsl pe3ynbratsl 40-1eTHUX HCIBITaHUH Ooiee dem 20 KIIOHOB
OCHHEBI, 0TOOpPaHHBIX B Pa3MUYHBIX pernoHax Eppormetickoit Poccun u CCCP. Kionsr mpouns-
pacraror Ha CeMIITyKCKOM TpemyseTyMme B BopoHexkckoii oomactu. [1oka3aHbl cOXpaHHOCTH
pacTeHuii, pocT 1o BBICOTE, TMAMETPY M 00beMy cTBOJA. [laHa paH)XKMPOBaHHAs OICHKA M
MIPOBEAEH OTOOP MEPCIIEKTUBHBIX KJIOHOB JUISI CO3aHHS BBICOKONPOIYKTUBHBIX OCHHOBBIX
HacaxeHni. OTMEUYEeHO, YTO MOIOBOH AMMOP(H3M MOXKET M0-Pa3HOMY BIHATH Ha THHUIICY-
CTOMYMBOCTH OCHH B Pa3IMUHbBIX YCIOBUAX MECTOIpon3pacTanus. McslTanns MpoBOAMINCE
B LleHTpanbHOM HayYHO-HMCCIIEI0BATEIECKOM HHCTHTYTE JIECHOM TeHETHKH 1 CEJEKINH (B Ha-
crosiee BpeMst — Beepoccuiickuil HayuHO-HCCIE10BaTENbCKUN HHCTUTYT JIECHON T€HETUKH,
ceneknuu 1 OnorexHonorun). OTOOpOM Tydmux GopM, a 3aTeM rHOpHUIU3aiei COTPYIHIKI
“HCTUTYTa 3aHUMaroTcs ¢ 1971 r. Llenbro JTaHHOTO MCCIEA0BaHUs CTAJI0 U3YUYEHUE COXPAaHHO-
CTH, POCTa U IPOAYKTUBHOCTH (110 00beMy CTBOJIOB) 21 KJIOHA OCHHBI B MHOTOJISTHEM BO3pPac-
Te, mponspacTaomux B CeMITyKCKoM Tpemyietyme BopoHeskckoit obnactu. BersieHo, 9ro
BapbHUPOBaHUE BEHICOT B 40-1€THEM BO3pacTe OBLIO TOBOIBHO MIMPOKHM — OT 17,3 mo 31,3 M,
nmuameTpoB — ot 28,0 mo 50,0 cMm, o6beMoB cTBONIOB — OT 0,3 10 2,4 M3. B maATepKy ITydmmx
BBIJICJICHBI 2 KJIOHA OCHHBI M3 OOTaHMUYECKOTro cajia BOpOHEKCKOTo rocyJapcTBEHHOTO YHU-
BepcuteTa (KI0HB Ne 16 u 17), 2 rubpuna, mHTpoxyHpoBaHHble n3 [Iprbantuku (KIIOHBI
Ne 20, 23), u ocuna amepukanckas (kioH Ne 29). Vx cpennsist Beicota B 40 JeT cocTapisiia
26-31 M, muametp — 42-50 cm, 00beM cTBona — 1,4-2,4 M3. DTO CBUACTEINBECTBYET O BO3MOXK-
HOCTH 0TOOpA NMEPCHEKTUBHBIX KIIOHOB OCHHBI JUIS MX PA3MHOXKEHHSI M BHEIPEHUS B TUIAHTA-
LIMOHHOE JIeCOBhIpaniuBanne. Myskckue KJIoHbI (TuOpun Pzg m KI0H aMepuKaHCKOH OCHHBI
Ne 29), Taxxe UHTpOIyIpOBaHHEIE U3 [IpHOaNTHKN, MOKHO PEKOMEHIOBATH IS O3CIICHEHS.

Knioueswvie cnosa: Tpemynetym, OCUHA, KIIOHBI, THOPH/IbI, COPTOUCIIBITAHNE, PAHKUPOBAHHE,
aHAJIN3 POCTa U MPOAYKTUBHOCTH, TIOJIOBOI TUMOP(H3M, 0TOOD
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Introduction

Aspen is widespread in the forests of Russia and is one of the most important
forest species. In terms of area among deciduous trees, it ranks second after birch. Its
area is up to 25 million ha with a stand of timber of 3 715 million m3/ha [18].

This species has rapid growth, root-sprouting renewability, and unpretentious-
ness to growing conditions. Aspen wood is widely used in construction, pulp-and-
paper industry, bioenergy and in the manufacture of containers. Sawlogs, veneer,
plywood, fiberboard and chipboard are produced from it. In addition, it is considered
the main species for ravine and gully detention and can be used as feed additives in
animal husbandry [1, 3, 21].

Russian foresters have noted the economic importance of aspen and its use
back in the 19th century, and possibly even earlier. Among them we can mention
N.S. Nesterov, B.A. Kunitsky, M.K. Tursky at al. But the greatest contribution to
the study of the vital activity of aspen, its significance and breeding has been made by
A.S. Yablokov (1963) [26].

The largest area of aspen stands is located in the forest zone of European Russia,
in the forest-steppe and in the south of Western Siberia, where they replace primary
stands of the main forest-forming tree species and form secondary stands replacing
the former climax forests. Aspen stands grow mainly in forests of complex types. As
a rule, aspen grows in medium-fertile and dry soils with normal or wet conditions. In
the forest area, its stands include an admixture of forest tree species found in primary
forests (spruce, fir, pine, oak, linden, etc.), and sometimes also birch and alder (Fig. 1).
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Fig. 1. The aspen stand with
an admixture of pine and spruce
in the Republic of Karelia
(Konchesero)

In the Central Black Earth Region, the volume of aspen stemwood by
theage of 10 is 40-50 m3/ha; by the age of 30, itincreases 3—4 times (150-200 m3/ha);
and by the age of 70, the volume reaches 500-550 m¥ha. In stands growing in
particularly favourable conditions, the average stand at the age of 70 years can
reach 650 m3/ha. Quantitative maturity is recorded at the age of 25-30 years, tech-
nical maturity — at the age of 35 years. The maximum average annual increment
is reached at the age of 40. In high-quality stands it can be 2.9-3.9 m3/ha/year in
the centre of the species’ natural habitat and more than 5—7 m?3/ha/year in the Cen-
tral Black Earth Region (Fig. 2, 3).
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However, it should be noted that aspen in mature and overmature stands is very
susceptible to core rot. Earlier studies have been conducted in the Right-Bank For-
estry of the Educational and Experimental Forestry Enterprise of the Voronezh State
University of Forestry and Technologies [19]. A study of the degree of aspen stands
affected by core rot (823 ha of aspen stands have been examined) has shown that
the infestation of trees, depending on age, has varied from 0.6 % in age class II, to
16.1 % in age class IV and up to 90.4 % in age class VII (Table 1).

Table 1

The yield of healthy wood in natural aspen forests in the Voronezh Region depending
on age classes

) Age classes
Indicators
1 1I 111 v \% VI VII
Stand volume, m3/ha 15 150 184 238 262 304 301
Infestation with core rot, % 0 0.6 1.6 16.1 31.2 59.6 90.4
Healthy wood yield, m3/ha 15 141 181 200 180 123 29

It has been established that the maximum yield of healthy wood in the studied
aspen stands has been in the IV age class and has amounted to 200 m3/ha. This age,
apparently, should be considered the age of aspen felling. The yield of healthy wood
in the older age classes (V and VI) decreases slightly, and in the stands approaching
maturity (age class VII) it falls to 10 % and amounts to only 29 m3/ha.

TH ARG IR A W
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Fig. 2. The plus aspen stand. Voronezh State Nature Reserve, block 6, sample plot no. 3.
On the left — age 45, average height 24 m, average diameter 26.4 cm. March 1967.
On the right—age 94, average height 30 m, average diameter 44 cm. August 2014

It should also be noted that male aspen trees are more susceptible to rot than
female ones. The study of sexual dimorphism in aspens in the age class V has shown
that the infestation of male trees has been 33.7 %, and 22 % in female trees, i.e. in
male plots it has been 1.5 times higher than in female ones.

Unfortunately, core rot is very difficult to deal with. Currently, there are several
promising ways to obtain healthy aspen wood, and first of all, it is the selection of
plus healthy trees in natural stands, in collections of clones and hybrids.
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The staff of the Voronezh State University of Forestry and Technologies has
begun to select rot-resistant aspen forms in the Central Black Earth Region after
the end of World War II. The works of A.V. Tyurin, O.G. Kaper, M.M. Veresin and
others are well known [21]. In the following years, the research area has been ex-
panded. Thus, in the Moscow Region (the All-Union Scientific Research Institute
of Silviculture and Forestry Mechanization), Kostroma Forest Experimental Sta-
tion, Kursk Region (Oboyansky Forestry), Novosibirsk Region, Leningrad Region,
and others, the selection of the best aspen clones in natural forests has been car-
ried out by A.S. Yablokov (1949, 1963), S.P. Ivannikov (1959), V.T. Bakulin (1966),
S.N. Bagaev (1967) et al. [2, 3, 26, 29].

Fig. 3. The stem of aspen tree
in sample plot no. 12.
Savalsky Forestry of the Savalsky
Forestry Enterprise, block no. 3.
The Voronezh Region

In the Central Research Institute of Forest Genetics and Breeding (currently
the All-Russian Research Institute of Forest Genetics, Breeding and Biotechnology),
R.P. Tsareva (1984), A.P. Tsarev (1988), V.P. Petrukhnov (1988) at al. have begun to
engage in the selection of the best forms of aspen, and then in hybridization of them
(since the establishment of the institute in 1971) [16, 19, 21].

In the last decade, similar work has been actively carried out at the Kostroma
Forest Experimental Station of the All-Russian Research Institute of Silviculture and
Forestry Mechanization, at the Saint-Petersburg State Forest Technical University, at
the Faculty of Forestry, Forest Harvesting, Wood Processing Technologies and Land-
scape Architecture at the Mytishchi Branch of the Bauman Moscow State Technical
University, etc. [1-6, 27-29].

The aim of this research has been to study the survival and growth of 21 as-
pen clones at the age of 40, as well as their productivity (in terms of stem volume)
growing in the Semiluki Tremuletum of the Voronezh Region and to select promising
clones for plantation afforestation.

Research Objects and Methods

The best aspen clones have been selected for testing:

in the Right-Bank Forestry of the Educational and Experimental Forestry
Enterprise of the Voronezh State University of Forestry and Technologies (clones
no. 7 and 9);
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in the Savalsky Forestry and in the Botanical Garden of the Voronezh State
University (clones no. 11, 16, 17);

in Valuyki and Gubkin of the Belgorod Region (clones no. 14, 15);

in the Oboyansky Forestry Enterprise of the Kursk Region (clones no. 12 and 13)

in the Kostroma Region (clone no. 10).

In addition 10 new hybrids of aspen bred by Ya.Ya. Smilga (clones no. 18-27)
and American aspen (clone no. 29), introduced from the Baltic States, have been ob-
tained by way of exchange.

In 1974, V.P. Petrukhnov created a tremuletum from selected aspen clones at
the Semiluki Experimental Demonstration Nursery. After his retirement, research at
this facility was continued by R.P. Tsareva.

Planting has been carried out using 1-year-old grafted seedlings at a spacing
of 5x5 m. 21 aspen clones have been planted. True-rooted seedlings of local aspen
(clone no. 6) have been used as a control. The survival and growth of aspen clones in
height and diameter have been studied in the tremuletum. The volume of stem wood
has been determined (according to the tables by Hadzi-Georgiev and GoguSevski,
1972) [9].

Results and Discussion

An analysis of the condition of the aspen plants under study have shown that at
the age of 40 their survival rate has been 80 %. At the same time, the control sample
has had a survival rate of 74 %. The average height of the trees has ranged from 17.3
(clone no. 10 from the Kostroma Region) to 31.3 m (clone no. 17 from the Botani-
cal Garden of the Voronezh State University. In the group of hybrids obtained from
the Baltic States, the height has varied from 15.4 (clone no. 24) to 27.3 m (clone
no. 20). The average height of the aspen clones tested in the tremuletum has been
24.5 m (Table 2).

The parameters of average diameters have varied in the first group from 28.0
to 50.0 cm, in the second — from 25.2 to 44.3 cm. Overall, the average diameter for
the area has been 37.5 cm. The average volume of stems has ranged from 0.30 to
2.4 m3, and for the entire area it has been equal to 1.06 m3. The control group has
had an average height of 19.5 m, an average diameter of 32 c¢m, and a stem volume
of 0.61 m3.

According to the results of the ranking by height, diameter and volume of
stems, the top 5 (ranks 1-5) in terms of growth and productivity has included as-
pen clones no. 16 and 17 selected at the Botanical Garden of the Voronezh State
University, as well as aspen hybrids from the Baltic States (clones no. 20, 23) and
clone no. 29 of the American aspen. Among them there are 2 male clones (no. 20 and
29), which do not produce fluff and can be used in landscaping. The worst indica-
tors of growth and productivity in the tremuletum have been found in some hybrids
introduced from the Baltic States (clones no. 19, 22, 24, 26, 27) and clone no. 10
(rank 19) from the Kostroma Region. This may be due to the fact that the listed clones
have been introduced from more northern and humid latitudes to the south-west of
the country, that is, to the more arid Central Black Earth Region. The remaining
studied aspen clones and hybrids have occupied an intermediate position in terms of
growth and productivity.
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During many years of work at this field object, sexual dimorphism of the as-
pens has been studied. The greatest interest in this regard is the rot resistance of aspen
trees of different sexes. This has made it possible to identify male aspen forms that
can be used in landscaping. It has been established that 57 % of the studied forms
are male clones and 43 % are female. That is, all male aspen clones (no. 7, 12) and
some hybrids introduced from the Baltic States (no. 20, 21, 22, 25, 26, 27) can be
recommended for landscaping, as well as a clone of American aspen (no. 29). Highly
productive female aspen clones can be recommended for protective, energy and other
types of plantations.

Earlier studies carried out in the Voronezh Region among male clones (on an
area of 402.1 ha) and female clones (on an area of 91.6 ha) have shown that, overall,
the incidence of core rot has been 33 % lower in female aspen stands than in male
ones [19, 21].

The verification of these data has been carried out in aspen stands of age
class V (41-50 years old) on an area of 267.2 ha. The number of trees with core
rot in this class has been 33.7 % in male aspen stands, and 22.2 % in female
ones. That is, female aspen stands have been affected 1.5 times less. An analysis
of the data obtained on growing conditions has shown that such an advantage is
observed in favourable growing conditions (B;, C,, C;, D,, D,) (Fig. 4). In un-
favorable growing conditions for aspen (B,) male clones have been found to be
more resistant to core rot.

45

- ERE

40.5

40 1
34.8 34.3

33.0

35 1
30 -
254 232
20 -
15 +

10 -

The incidence of core rot, % of affected trees

g

B2 B 2 €3 D2 D3

Type of growing conditions
Fig. 4. The incidence of core rot in male and female aspen stands in various growing
conditions aged over 30

In the current century, similar studies have been conducted in the Leningrad
Region in the Lisinsky Educational and Experimental Forestry on 15 aspen clones
and 35 poplar clones. At the age of 10, the height of the clones on the object has var-
ied from 7.7 to 10.5 m, and the diameter — from 3.5 to 16.9 cm. As a result, the best
clones have been selected at the site [4, 5, 27, 28].

In 2009, at the Institute of Biology (Syktyvkar) in the Komi Republic, an ar-
chive of clones of 42 hybrids and 10 clones of common aspen trees has been estab-
lished. According to A.L. Fedorkov, at the age of 10, hybrid aspens have had a height
of 6.4 m, a diameter of 5.1 cm, and common ones — 4.3 m and 3.1 cm, respectively.
That is, at this age, hybrid aspens have exceeded common ones in height and diam-
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eter by 61-65 %. The author concludes that use of hybrid aspen trees for plantation
forest cultivation in the taiga zone is promising [8].

Aspen breeding has also been carried out abroad: in Germany, Sweden, Nor-
way, Finland, Poland, Czechoslovakia, Scotland, the Baltic States, the USA, Canada,
etc. [13-15, 20, 22-25].

If in the 30s of the last century aspen was considered as undesirable species
in many countries, significant work is currently underway on its breeding and wide-
spread use [13, 14, 24, 25]. The main method of obtaining healthy aspen wood in
these countries is the selection of the best forms, their propagation and cultivation on
plantations [7, 10-12, 17, 22].

Conclusions

1. Aspen is one of the fastest growing woody plants, which has been increas-
ingly used in recent decades, both in our country and abroad.

2. A 40-year study of the growth and survival of 21 aspen clones in the Central
Black Earth Region has shown that, according to the results of the ranking, the top
5 (ranks 1-5) have included aspen clones no. 16 and 17, selected at the Botanical
Garden of the Voronezh State University; 2 hybrids (clones no. 20, 23) and American
aspen (no. 29), introduced from The Baltic States.

3. Their growth rates at the age of 40 have been as follows: height — 26.0—
31.3 m, diameter — 42.2-50.0 cm, trunk volume — 1.42-2.40 m3.

4. The selected aspen clones are recommended for reproduction and their wide
introduction into plantation forest cultivation in the Voronezh Region.

5. In addition, male clones introduced from the Baltic States (R, hybrid,
and American aspen no. 29), which do not produce fluff, can be recommended for
landscaping.

REFERENCES

1. Bagaev E.S., Chudetsky A.I., Makarov S.S. Evaluation of the Possibility of the
Use of Fast-Growing Aspen Forms for Laying Timber Plantations with a Short Turnover of
Felling. Lesokhozyajstvennaya informatsiya = Forestry information, 2023, no. 1, pp. 55-67.
(In Russ.). https://doi.org/10.24419/L. H1.2304-3083.2023.1.05

2. Bagaev S.N., Korenev I.A., Bagaev S.S., Zontikov D.N. Features of the Formation
of Fast-Growing Clones in the Genetic Reserve of Giant Aspen. Lesnoe khozyajstvo, 2013,
no. 2, pp. 26-28. (In Russ.).

3. Bagaev E.S. Prospects for the Use of Fast-Growing Aspen Forms for the Establish-
ment of Forest Raw Material Plantations. Aktual nye problemy nauki v agropromyshlennom
komplekse: Collection of Articles from the 69 International Scientific and Practical confer-
ence in 3 vol. Ed. by Yu.V. Pankratov, N.Yu. Paramonova. Karavaevo, Kostroma State Agri-
cultural Academy, 2018, vol. 1, pp. 6-10. (In Russ.).

4. Boytsov A.K., Zhigunov A.V., Lukina A.D., Babich A.I. Dynamics of Preservation
of Hybrid Aspen Clones in Crops in the North-West of Russia. Lesa Rossii: Politika, Pro-
myshlennost’, Nauka, Obrazovanie: Proceedings of the 7th All-Russian Scientific and Tech-
nical Conference. St. Petersburg, Saint-Petersburg State Forest Technical University, 2022,
pp. 68=71. (In Russ.).

5. Boytsov A.K., Zhigunov A.V. Ten-Year Breeding Tests for Growing Clones of Hy-
brid Aspen and Other Hybrid Poplars in the Conditions of the North—West of Russia. Trudy
Sankt-Peterburgskogo nauchno-issledovatel skogo instituta lesnogo khozyajstva = Proceed-



https://doi.org/10.24419/LHI.2304-3083.2023.1.05

18 «H3BecTns By30B. JlecHoii skypHam». 2025, Ne 3 ISSN 0536-1036

ings of the Saint Petersburg Forestry Research Institute, 2023. no. 3, pp. 38-52. (In Russ.).
https://doi.org/10.21178/2079-6080.2023.3.38

6. Chernishenko O.V., Rumyantsev D.E., Sarapkina E.V. The Problem of the Growing
and Breeding of Healthy Aspen at the Present Time. Resources & Technology, 2016, vol. 13,
no. 4, pp. 1-11. (In Russ.). https://doi.org/10.15393/j2.art.2016.3421

7. Dinca L., Vechiu E. The Aspen (Populus tremula L.) from the Southern Carpathians.
Current Trends in Natural Sciences, 2020, vol. 9, iss. 17, pp. 168—174.
https://doi.org/10.47068/ctns.2020.v9i17.020

8. Fedorkov A.L. Stem Volume and Quality of Hybrid and Common Aspen in the
Clonal Archive. Lesnoy Zhurnal = Russian Forestry Journal, 2021, no. 1, pp. 92-98.
(In Russ.). https://doi.org/10.37482/0536-1036-2021-1-92-98

9. Hadzi-Georgiev K., Gogusevski M. Dvolazne Tabele Mass za Topola Klona Pop-
ulus euramericana cv. 1-214 u Gevgeliskom Podrucju. Topola, 1972, vol. XVI, no. 90,
pp. 25-29. (In Serb.-Croat.).

10. Kivinen S., Koivisto E., Keski-Saari S., Poikolainen L., Tanhuanpda T., Kuzmin A.,
Viinikka A., Heikkinen R.K., Pykala J., Virkkala R., Vihervaara P., Kumpula T. A Keystone
Species, European Aspen (Populus tremula L.), in Boreal Forests: Ecological Role, Knowl-
edge Needs and Mapping Using Remote Sensing. Forest Ecology and Management, 2020,
vol. 462, art. no. 118008. https://doi.org/10.1016/j.foreco.2020.118008

11. Kusbach A., Hruban R. Osika: VSudybylka, Popelka a Bufenn Kulturnich Lest?
Lesnicka Prace, 2020, no. 4, pp. 120—122. (In Czech).

12. Kusbach A., Sebesta J., Hruban R., Peska P., Rogers P.C. Eurasian Aspen (Populus
tremula L.): Central Europe’s Keystone Species ‘Hiding in Plain Sight’. PLOS ONE, 2024,
no. 19(3), art. no. €0301109. https://doi.org/10.1371/journal.pone.0301109

13. Liesebach M. Poplars and Other Fast—Growing Tree Species in Germany: Report
of the National Poplar Commission. Progress Report 2016-2019. Germany, Braunschweig,
Thiinen Working Paper 141a, 2020. 33 p. https://doi.org/10.3220/WP1585727785000

14. Meyer M., Gebauer K., Janssen A., Krabel D. The Importance of Fuel Charac-
teristics of Poplars and Aspens (Populus spp.) from German Short Rotation Plantations and
Russian Forests. German Russian Conference on Forest Genetics — Proceedings — Ahrens-
burg, 2017 21-23 November. Degen B., Krutovsky K.V., Liesebach M. (eds). Germany,
Braunschweig, Thiinen Report 62, 2018, pp. 61-66.
https://doi.org/10.3220/REP1539855736000

15. Myking T., Behler F., Austrheim G., Solberg E.J. Life History Strategies of Aspen
(Populus tremula L.) and Browsing Effects: a Literature Review. Forestry: An International
Journal of Forest Research, 2011, vol. 84, iss. 1, pp. 61-71.
https://doi.org/10.1093/forestry/cpq044

16. Petrukhnov V.P. Aspen Hybridization in the Central Chernozem Oblast. Gibrid-
izatsiya lesnykh drevesnykh porod: Collection of Scientific Papers. Voronezh, Central Re-
search Institute of Forest Genetics and Breeding, 1988, pp.101-106. (In Russ.).

17. Rogers P.C., Pinno B.D., Sebesta J., Albrectsen B.R., Li G., Ivanova N., Kusbach A.,
Kuuluvainen T., Landhdusser S.M., Liu H., Myking T., Pulkkinen P., Wen Z., Kulakowski D.
A Global View of Aspen: Conservation Science for Widespread Keystone Systems. Global
Ecology and Conservation, 2020, vol. 21, art. no. ¢00828.
https://doi.org/10.1016/j.gecc0.2019.¢00828

18. State Forest Register 2013 (as of January 1, 2014). Moscow, Roslesinforg Publ.,
2014. 690 p. (In Russ.).

19. Tsarev A.P. Growth and Breeding of Aspen in Russia. Silvae Genetica, 2013,
vol. 62, iss. 1-6, pp. 153—160. https://doi.org/10.1515/sg-2013-0020

20. Tsarev A., Tsareva R., Tsarev V., Fladung M., Wiihlisch G. von. Aspen Hybrid-
ization: Parents’ Compatibility and Seedlings’ Growth. Silvae Genetica, 2018, vol. 67,
pp. 12—19. https://doi.org/10.2478/sg-2018-0002



https://doi.org/10.21178/2079-6080.2023.3.38
https://doi.org/10.15393/j2.art.2016.3421
https://doi.org/10.47068/ctns.2020.v9i17.020
https://doi.org/10.37482/0536-1036-2021-1-92-98
https://doi.org/10.1016/j.foreco.2020.118008
https://doi.org/10.1371/journal.pone.0301109
https://doi.org/10.3220/WP1585727785000
https://doi.org/10.3220/REP1539855736000
https://doi.org/10.1093/forestry/cpq044
https://doi.org/10.1016/j.gecco.2019.e00828
https://doi.org/10.1515/sg-2013-0020
https://doi.org/10.2478/sg-2018-0002

ISSN 0536-1036 «HM3BecTus By30B. JlecHoii skypHam». 2025. Ne 3 19

21. Tsareva R.P. Aspen Breeding. Breeding of Forest and Ornamental Woody Plants.
A.P. Tsarev, S.P. Pogiba, N.V. Laur. Ed. by A.P. Tsarev. Moscow, Moscow State Forest Uni-
versity Publ., 2014, pp. 350-363. (In Russ.).

22. Turna I., Atar F. Stand Analysis and Distribution Areas of European Aspen (Popu-
lus tremula L.) Forests in Tirkiye. SilvaWorld, 2024, vol. 3, no. 1, pp. 15-27.
https://doi.org/10.61326/silvaworld.v3il.148

23. Worrell R. European Aspen (Populus tremula L.): A Review with Particular Ref-
erence to Scotland. II. Values, Silviculture and Utilization. Forestry, 1995, vol. 68, iss. 3,
pp. 231-243. https://doi.org/10.1093/forestry/68.3.23 1

24. Wuehlish G. von. Growth Performance of F1-Hybrids, Backcrossed Hybrids and
F2-Hybrids of Populus tremula and Populus tremuloides. Poplars and Willows: from Re-
search Models to Multipurpose Trees for a Bio-Based Society: 5th International Poplar Sym-
posium. Italy, Orvieto, 2010. 37 p.

25. Wiihlisch G. von. Eurasian aspen — Populus tremula. EUFORGEN: Technical
Guidelines for Genetic Conservation and Use. Italy, Rome, Biodiversity International, 2009.
Available at: https://www.yumpu.com/en/document/read/22884009/eurasian-aspen-populus-
tremula-euforgen (accessed 12.03.24).

26. Yablokov A.S. Growing and Breeding Healthy Aspen. Moscow, Goslesbumizdat
Publ., 1963. 442 p. (In Russ.).

27. Zhigunov A.V., Shabunin D.A., Butenko O.Yu. Triploid Aspen Forest Plantations
of in vitro Planting Material. Vestnik Povolzhskogo gosudarstvennogo tekhnologicheskogo
universiteta. Seriya “Les. Ekologiya. Prirodopol zovanie” = Vestnik of Volga State Universi-
ty of Tecnology. Series “Forest. Ecology. Nature Management”, 2014, no. 4(24), pp. 21-30.
(In Russ.).

28. Zhigunov A.V., Ulianich P.S., Lebedeva M.V., Potokina E.K. Development of Re-
search Resources for Marker-Assisted Selection of Aspen (Populus tremula L.) in Russia.
German Russian Conference on Forest Genetics — Proceedings — Ahrensburg, 2017 21-23
November. Degen B., Krutovsky K. V., Liesebach M. (eds). Germany, Braunschweig, Thiinen
Report 62,2018, pp 35-39. https://doi.org/10.3220/REP1539855736000

29. Zontikov D.N., Zontikova S.A., Bagayev E.S., Bagayev S.S., Sergeyev R.V., No-
vikov P.S., Shurgin A.I. Growth and Productivity of Populus tremula L. in the Kostroma
Region. Scientific Journal of KubSAU, 2013, no. 91(07), pp. 311-321. (In Russ.).

Kongauxkm unmepecoe: ABTOpHI 3asBISIOT 00 OTCYTCTBHH KOH(JINKTA HHTEPECOB
Contflict of interest: The authors declare that there is no conflict of interest

Bkuax aBTopoB: Bee aBTophl B paBHOI 710716 y4acTBOBAJIN B HAMCAHUY CTaTbU
Authors’ Contribution: All authors contributed equally to the writing of the article


https://doi.org/10.61326/silvaworld.v3i1.148
https://doi.org/10.1093/forestry/68.3.231
https://www.yumpu.com/en/document/read/22884009/eurasian-aspen-populus-tremula-euforgen
https://www.yumpu.com/en/document/read/22884009/eurasian-aspen-populus-tremula-euforgen
https://doi.org/10.3220/REP1539855736000

20 «H3BecTns By30B. JlecHoii skypHam». 2025, Ne 3 ISSN 0536-1036

O030pHas CTaThs
VIIK 631.811.6.88:630%32
DOI: 10.37482/0536-1036-2025-3-20-51

CuHTeTHYeCKHe U PUPOHBIE PEryJIATOPbI POCTA PaCTeHUil
JJIS1 BBIPAIIMBAHUS CESTHIEB JPEeBECHBIX MOPO/I

H.II. Yepnoopoexkuna™, o0-p ouon. Hayx, 6éeo. Hayy. comp., 00U.;

ResearcherID: K-6120-2018, ORCID: https.//orcid.org/0000-0002-9716-003X

A.B. Ezoposa, kano. c.-x. nayk, mi. nayu. comp.; ResearcherID: K-6095-2018

ORCID: https://orcid.org/0000-0002-1691-1269

E.B. Pobonen, nayu. comp.; ResearcherID: AAD-1958-2019,

ORCID: https://orcid.org/0000-0001-7926-8672

K.I' Henaesa, acnupanm, ma. nayu. comp.; ResearcherID: GYJ-7223-2022

ORCID: hitps://orcid.org/0000-0002-3283-4451

Wucrutyt neca KapHI] PAH, yn. Ilymkunckas, . 11, r. Ilerpo3aBoack, Poccus, 185910;
chernobrovkina50@bk.ru™, egorova.anast@mail.ru, er51@bk.ru, nelaecvakg@krc.karelia.ru

Hocmynuna ¢ peoarkyuio 13.02.24 / Odobpena nocne peyensuposanus 28.04.24 / [punsma k newamu 30.04.24

Annomayun. AKTUBHO BHEJPSIOTCS U COBEPIICHCTBYIOTCA TEXHOJOTHUH BBIPALIUBAHUS TO-
CaJIOYHOT0 Marepuaja ¢ 3aKpbITOM KOPHEBOM CUCTEMOMH, B T. 4. MHOTOPOTAI[MOHHBIA PEKUM.
B necHbIx NUTOMHUKAaX IOJ30HbI cpeHel Taiirn PO ero ucnoiab30BaHue 3aTPyIHEHO B CBSI3U
C KOPOTKHMM BETeTallMOHHBIM MEPUOAOM U, KaK CIEJCTBHE, HEOCTATOYHOM afanTanueii ce-
SIHIICB 2-i poTanuu K YCIOBUAM 3UMHETO CE€30HA U HEAOCTUKCHUCM MU CTaHIAPTHBIX pa3-
MepoB. OnHUM 13 3PPEKTUBHBIX TPHEMOB YJIYYIICHHUsI pOCTa PACTEHUI U UX a/IalTUPOBaH-
HOCTH K H66J'IaFOHpI/I$ITHLIM YCIIOBUAM CPEIbI ABIACTCA IMMPUMEHCHUC CTUMYJIATOPOB pPOCTA.
HpOBe)IeHI)I MHOT'OYHCJICHHBIC MCCIICAOBAHUA IO BBIABJICHUIO BIHMAHUA TaKHUX IIPEIiapaTroB
Ha mmpopacTaHue CEMAH U Pa3BUTHUEC CCAHUECB APCBECHBIX MOPOJ JAJIA ONITUMU3AIIUU PEXKUMA
BhIpamuBanus. Llenb cratb — 0000IIeHNEe U CUCTeMAaTH3allUs PE3YIbTaTOB MCCIETOBAaHUI
[IPUMEHECHHUSI PErYJIITOPOB POCTA PACTEHUM TP BBIPAILMBAHUU CESHLEB B JIECHBIX ITUTOM-
nukax. [IpuBoanTcs Kiaaccudukaiys peryasiTopoB pocta pacTeHHI: CHHTETHUECKHE Ha Oa3e
Ppa3JIMIHbIX UCTOYHHUKOB U 6I/IOCTI/IMyJ'IHTOpI)I Ha OCHOBE €CTCCTBCHHOT'O ChIPbA — KUCJIOTHBIC,
MHUKPOOHMOJIOTHYECKHE U 3KCTPAKThl pacTeHuil. IlociaeqHue BKIIOYAIOT SKCTPAKTHI IpeBec-
HBIX ¥ TPaBSHUCTHIX paCTEHHH, MOPCKUX Bojopociel. PaccMarpuBaercst coctaB Ouonoruye-
CKHU aKTUBHBIX COG}II/IHGHI/Iﬁ B IIp€riaparax 13 I[peBeCHOfI 3€JICHU XBOMHBIX U JINCTBEHHBIX I10-
pon. [Ipencrapiens! cBeieHus: 00 0COOEHHOCTAX ¥ AP (HEKTHBHOCTH BIUSHUS CHHTETHYECKUX
PETYJSITOPOB POCTa W OHOCTUMYIISTOPOB HA PA3BUTUC CESHIICB M UX TMPHKUBACMOCThH MPU
BBICAJIKE Ha JIECOKYJIBTYPHYIO IUI0IIa (k. M3/1aratoTcs XapakTepHbIe YEPThI IIPOLECcca MoJIyde-
HUs 1perapaTroB 13 HpeBeCHOﬁ 3€JICHU, MTPUCTAJIbHOC BHUMAHUC OTBOAUTCA HAJIUYHIO (bHTO-
TOPMOHOB B 3THX IpenapaTax B 3aBUCHMOCTH OT BPEMEHH 0TOOpa paCTUTENIEHOTO MaTepHraa
B CyTOYHOU JMHAMHKe. [IpMEHEeHNe CHHTETHYECKHUX PEryJIsiTOPOB POCTa, a TaKKe OMOCTH-
MYJIATOPOB ABJIACTCA HAJICKHBIM CHOCO6OM YIAYUIICHUSA BCXOXKECTHU CEMIH U pOCTa CCAHIICB
JIPEBECHBIX MOPOJI IIPU MX BBIPAIINBAHUK B JICCHBIX ITUTOMHUKaX. BBIOOD perymsaTopoB pocra
JUTsL KOHKPETHBIX 1eJIelt MPpH TMOATOTOBKE MOCAI0YHOI0 Marepuaia 6a3upyercs Ha IKCIepH-
MEHTaJIbHBIX MCCIIEOBAHUSAX C YUETOM BUJIA PACTEHHH, YKOHOMHUECKOH 11e71eCo00pa3HOCTH,
9KOJIOTHH, KITUMAaTa U ChIPHEBBIX PECYPCOB PETHOHA.
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Abstract. Technologies for growing planting stock with a closed root system, including
a multi-rotation mode, are being actively introduced and improved. In the forest nurseries of
the middle taiga subzone of the Russian Federation, its use is difficult due to the short grow-
ing season and, as a consequence, the insufficient adaptation of the 2nd rotation seedlings to
the conditions of the winter season and their failure to reach standard sizes. One of the ef-
fective methods for improving plant growth and their adaptability to adverse environmental
conditions is the use of growth stimulants. Numerous studies have been conducted to identify
the effect of such preparations on seed germination and the development of tree seedlings in
order to optimize the growing regime. The aim of this article is to summarize and systematize
the results of studies on the use of plant growth regulators in the cultivation of seedlings in
forest nurseries. A classification of plant growth regulators has been given: synthetic ones
based on various sources and biostimulants based on natural raw materials — acidic, micro-
biological and plant extracts. The latter include extracts of woody and herbaceous plants and
marine algae. The composition of biologically active compounds in preparations from co-
niferous and deciduous foliage has been considered. The article presents information on the
peculiarities and effectiveness of synthetic growth regulators and biostimulants on the de-
velopment of seedlings and their survival rate when planted in a forest cultivation area. The
characteristic features of the process of obtaining preparations from foliage have been pre-
sented, close attention has been paid to the presence of phytohormones in these preparations,
depending on the time of selection of planting stock in daily dynamics. The use of synthetic
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growth regulators, as well as biostimulants, is a reliable way to improve seed germination and
the growth of tree seedlings when grown in forest nurseries. The choice of growth regulators
for specific purposes when preparing planting stock is based on experimental studies taking
into account the plant species, economic feasibility, ecology, climate and raw material re-
sources of the region.

Keywords: synthetic plant growth regulators, biostimulants, foliage, marine algae, planting
stock, forest nurseries
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Bseoenue

BripamuBanre BEICOKOKa4eCTBEHHOTO OCA0YHOTO MaTepraa B JECHBIX M-
TOMHHKAX SIBJISIETCS HEOOXOAMMBIM 3BEHOM B IIpoliecce JiecoBoccTaHoBNIeHUs. [lo-
BBIIIIEHNE dPPEKTUBHOCTH JICCOIMMTOMHUYECKUX XO3SHCTB JOCTUTACTCS IyTEM pas-
pabOTKU M COBEPILICHCTBOBAHUSI HOBBIX TEXHOJOTWH, HAIIPABICHHBIX HA CO31aHUE
YCTOHYMBBIX CHUCTEM MOJYUYEHHs MOCAJA0YHOTO MaTepuayia. AKTHBHO BHEAPSIOTCS
1 ONTHMHU3UPYIOTCS TEXHOJOTHH BBIPALIMBAHUS [TOCAJOYHOTO MaTepualia ¢ 3aKpbl-
TOW KOPHEBOM CHCTEMOM, B T. 4. MHOTOPOTAIIMOHHBIA pekuM. ETo ncnoiab30BaHue B
JIECHBIX ITMTOMHUKAX IOJ30HBI cpeHel Taru PO 3aTpyqHEHO B CBA3U ¢ KOPOTKUM
BEreTallMOHHBIM MIEPUOAOM PACTEHHH U, KaK CIEeICTBHE, PUCKOM HEHNOATOTOBICHHO-
CTH CESIHIIEB K 3UMHEMY ce30Hy. C IIeNbl0 aJanTanny peKuMa BeIpaIlliBaHUs CesH-
LEB K YCJIIOBHSM KOPOTKOTO BETe€TallMOHHOTO MEPHOAa MPUMEHSIOTCS COBPEMEHHBIC
arpoTeXHUYECKHE NIPUEMBI, TAKHE KaK UCKyCCTBEHHOE COKpalleHue (oTonepronaa B
KOHIIE BEreTallMOHHOIO Ce30Ha JIIs MpEeKpallleHus] pa3BUTHS PACTEHUS B BBICOTY U
(hopMUpOBaHHS Y HETO JOCTaTOYHOTO YPOBHS Mopo3oycroiunBoctu [71, 72, 75, 79,
80]. [Ipu 5TOM €CTh BEpOSTHOCTb, YTO CESIHITHI 2-i pOTAITNH HE JOCTUTHYT CTaHAApT-
HBIX Pa3MEpOB.

OnauM 13 3G GHEeKTUBHBIX CITOCOO0B YITYUIIICHUS POCTa PACTCHU M UX aIaITh-
POBAaHHOCTH K HEONAaronpHsITHBIM YCIOBHUSIM CPEZbl SIBISICTCS MPUMEHEHUE CTHMY-
JSTOpOB pocta. M3yuenue ux 3(p(heKTUBHOCTH MPH BHIPAIMBAHUN PACTEHUH CIIO-
COOCTBOBAJIO Pa3BUTHIO XMMHUYECKOW HHIYCTPUHU B 3TOW cdepe. MHoroobpaszue
PEryIATOpOB poCTa ONpPEAEISIeTCs] N30MPATEIbHOCTBIO X JICHCTBUS HA pa3IMYHbIC
pacrenus. Peryisitopsl pocta pacTeHHH — OHA M3 CaMbIX MEPCHEKTHBHBIX TPYIII
npenaparoB, COCTaB KOTOPOH exXerofHo oOHOBIsieTcsl. Perymstopsl pocra aemnstes
Ha NPOAYKThl HCKYCCTBEHHOI'O XMMHYECKOI'O CUHTE3a U HPUPOIHbIC (PUTOTOPMOHBI,
MIPOU3BO/IUMBIE PACTUTENILHBIMU KJIeTKaMHi. OCHOBHBIE COCTaBIIAIONIME pPBIHKA —
CHUHTETHYECKHE PEryJsiTOpbl pocCTa, Mpemnaparbl Ha OCHOBE T'YMHUHOBBIX KHCIIOT
(Ecormon u ap.), amunokucior (Metalosates Calcium and Fe, Agrocean B, Tecamin
Brix u np.), skcrpaktsl Mopckux Bopopocineit (Natrakelp, Fair Dinkum Fertilizers,
Acadian Seaplants, Kelpak u 1p.) [70].

Oco6oe BHUMaHKE yAeseTCsl MUHUMU3AIWY BIUSHUS XHMAYECKUX ITpernapa-
TOB Ha OKpY>Karo11yto cpeny. OZHUM U3 c11oco00B OoJiee OBICTPOTro JOCTUKEHHS 3TOH
LETH SIBISIETCS] MCIOIb30BAaHUE MPENaparoB OMOJIOTHYECKOTO MPOUCXOKICHUS —
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O6nocTuMynaTopoB. OHU SKOJIOTHUYECKH YHCTHIE U Oe30macHsbI Jijs yenoBeka [113].
BruocTuMynsaTopsl Ha OCHOBE 3KCTPAKTOB PACTCHHUH, aMHUHOKHCIOT, TYMHHOBBIX
KHCIIOT U (YITHBOKUCIOT COCTABIAIOT 85 %, MOpCKHUX Bogopocieil — okomo 15 %
OT 00beMa MUPOBOI'O PhIHKA OMOCTUMYITHPYIOIINX MPenapaToB [66].

HecMmotps Ha TO, 9TO MCIIOIB30BaHNE OMOIIOTUIECKUX COSAMHEHUH B CEITbCKO-
XO3SIICTBEHHOM MPOU3BOICTBE M3BECTHO NIABHO [ 73, 94], KOHTpOIHpPyeMOe MpUMEHe-
HUE OMOCTUMYITHPYIONIUX BEIIECTB U UX KOMMEPYECKHX MPOIYKTOB OIyTHMO yBe-
JUYAIO0CH TOJBKO B 70-e IT. mporwioro cronetus [86]. B mecHoM xo34iicTBe, Kak U B
JIPYTUX OTPACIHSX, CBI3aHHBIX C BHIPAIIMBAHHEM PACTCHHUH, CTABUTCS 33/1a4a MAKCH-
MaJIbHO OTPaHUYHTH MCTIOIb30BaHNE XUMHUYECKHX TpenapaToB. AIBTepHATUBOM IS
HUX MOTYT ObITh OnocTuMysiTopsl [81, 101, 103], cTUMYISTOPB pOCTa U MUTAHUS
pactrernuii [91], ummyHOCcTUMYIATOPEL [91, 96], mpenapatsl, coxepxkaiue dPdex-
THUBHBIE MUKpPOOpPraHu3msl [67, 74, 93], KOoTOpble JaBHO MPUMEHSIOTCS B CEITLCKOM
XO3SIICTBE M CaJ0BOAICTBE, OJHAKO JISl IECHOTO XO3SHCTBA SBISIOTCS OTHOCHTEIFHO
HOBBIM HarpasjcHueMm [122].

Lenb qanHOrO 0030pa — 0000IICHNE U CHCTEMATU3AIIUS PE3YJIBTaTOB UCCIIEI0-
BaHUI CHHTETHUYECKHUX PETYISATOPOB POCTA PACTCHHN U OMOCTUMYISTOPOB, IPUME-
HSIEMBIX TIPU BBIPAIIMBAHHUHU TTI0CAJI0YHOTO MaTepHaa B JIECHBIX TUTOMHUKAX.

Bexoowcecmv ceman. K onnolt n3 npo6ieM BbIpaliiBaHUS MOCAI0YHOTO MaTe-
pHuasia B JECHBIX MTUTOMHHUKAX OTHOCHUTCSI HU3KOE€ Ka9eCTBO CEMSH, KOTOpOE MPHUBO-
JUT K HEPAaBHOMEPHOCTH MX MpopacTaHus B KacceTax. [Ipu mocese B sueiiky Oomnee
1 ceMeHM TOBBIMIAIOTCS 3aTPaThl HA MONyYEHHE MMOCAJOYHOTO Marepraja 3a CUeT
YBEIUUEHHSI PACX0J1a CEMSH, POPEKUBAHUH U niepecaaku. CylecTBYIOT pa3InYHbIe
CIOCOOBI MOBBIIIICHUS ITOCEBHBIX KauecTB JIECHBIX ceMsiH. Hanbonee 3hekTnBHBIM
W3 HUX CUUTAETCs cTpaThuduKanus (cHeroBaHue). [IpUBOASATCS CBEIEHHS 1O METO-
JUYECKUM IOAXO0/aM MPHUMEHEHHUsI 3TOro crnocoba u O6apOoTanuu, IpakKUpPOBAHUS
CeMSH MHKOPH30H, HCIIONB30BAHHUS MAKpO- M MHUKPODJIEMEHTOB, MPOTPABINBAHUSA
ceMsH cOoCHBI U enu ¢pyHruiunamu [49]. [lpeacTaBieH CIUCOK JIyYILINX MPEnapaToB
JUTSL TIPEIIIOCEBHOTO MPOTPABIUBAHUS CEMSH COCHBI U enu 1o «l ocynapcTBeHHOMY
KaTaJlory MEeCTUIH/IOB M arpOXUMHKATOB, Pa3pelIeHHbIX K MPHUMEHEHUIO Ha TepPpH-
Ttopun Poccuiickoii @enepanmny. s MOBBIIEHHS TOCEBHBIX Ka4eCTB CEMSIH XBOK-
HBIX TaKKe pa3pabaThIBAIOTCS METOIBI (PU3NIECKOTO BO3ICHCTBYSA, IPEICTABICHHBIC
B 0030pe [49]: 00paboTka HU3KOUACTOTHBIM AJIEKTPOMArHUTHBIM MOJIEM (BCXOXKECTh
nosblmaercs Ha 28,3 %); akTMBHpOBaHHOM 1asmol (Ha 11,2 %); ynerpaduonero-
BbIM oOmydenueM (Ha 11,0 %); peHTTeHOBCKUMU JTy9aMHu U YABTpa3BykoM (Ha 7,0 %).
OpHako JaHHBIE CIIOCOOBI 00PAOOTKH CEMSIH SIBIISIOTCS JIMOO CIOKHBIMU, JINOO He-
JIOCTYITHBIMH.

s MakcHManbHOTO CHHMIKEHHSI MOTEPU JECOCEMEHHOTO CHIPhsi, 0COOCHHO
CENEeKIIMOHHO-YIyUIIEHHOTO, pa3padaThiBalOTCS CIIOCOOBI TIOBBIIIIEHUS! BCXOXKECTH
CEMsIH C y4eTOM (PU3UOJIOTHUECKUX aCleKTOB. | eHeTHUYeCKuit U (PU3UOIOTUYECKUIA
aHaJN3 TOKA3aJId, YTO MOJTHBIN ITOKOM CEMSTH yCTaHABIIMBAETCSI BIIPOIIEcCe SMOpHOTe-
He3a Ipu cO0aTaHCUPOBAHHOCTH AKTHBHOCTH MEXKIY Pa3INIHBIMU TOPMOHAMH [68].
[Ipopacranue ceMsiH 00yCIIOBICHO COACPKAHUEM U COOTHOLICHWEM B HUX a0CLU30-
Boit (ABK) n ru66epenmunosoii (I'K) kucmot [26, 69, 106, 123]. Perymsmus Beixona
CEMSTH M3 COCTOSIHUS TIOKOSI 3aKItouaeTcs B ocnabiennu Biusaus ABK n ycunennu —
I'K Ha meTabonmueckue mporecchl KIeTok [26]. MexaHu3MBI, JIeKaliue B OCHOBE
OJIaronpHUsATHOTO BO3JEHCTBUS CIIocO0a BIaKHOTO OXJIaK/I€HUS Ha BBIBEICHHE Ce-
MSIH U3 COCTOSTHUS TIOKOSI, TAK)KE CBSI3aHBI ¢ pacTUTeIbHBIMU TopMonamMu ABK u I'K.
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B mponecce Bnaxuo# crparudukanuu cemsiH enu 6enoit (Picea glauca Moench.
Voss) TipH MOHWKEHHBIX TEeMIIepaTypax YPOBHHM Ha3BAHHBIX KHCIOT 3HAYUTEIb-
HO U3MEHSUIMCh, IIPU 3TOM 3aMETHOE CHMXeHHUe coaepxkaHus ABK u moBbieHue
yposus I'K,,, npenimectsennuka 6uoaxrusHoro 'K, HaGmonanocs B TeueHue nep-
BBIX 6 4 MOCIIe TTOMENICHHS CEMsTH B ONITUMAIIbHBIE YCIIOBHS CBETa U TEMIIEPaTyPHI,
YTO CIOCOOCTBOBAIO OBICTPOMY MpopacTanuto [97]. YcTaHoBIEHO, 9TO 00paboTKa
ceMsiH cocHbl MaccoHna (Pinus massoniana Lamb.) 'K crnocobcTBoBana cHuxe-
Huto B HuX ypoBHS ABK [85]. Dx3orennsie ['K 3HaUNTETEHO MOBBIIIATN BCX0KECTh
cemsiH enu Cmuta (Picea smithiana Wall. Boiss) [107]. O6paboTka ceMsiH COCHBI
00BIKHOBEHHOI 1 enu eBpomneiickoi ['K yBenmnuuBana ux Bcxoxects [44, 78, 85,
107, 129]. IIpenmoceBHast 00pabOTKa CEMSIH XBOWHBIX CTUMYJIITOPAMH POCTa I10-
3BOJISIIA 3HAYUTENFHO TOBBICUTh MX DHEPTHUIO NIPOpAacTaHUs U BCXOXKECTh [5, 15,
17, 30, 39, 48, 56] (cM. Tabnuity). [lokaszaHo BIMSIHHE CTUMYJISTOPOB POCTa Ha
TPYHTOBYIO BCXOXKECTb CEMSIH M COXPaHHOCTH CESHIIEB IIaBHBIX JI€CO00pa3yomux
BunoB Cpenneit Cubupn [18].

JleTaqbHO MpEACTaBICHBI OCOOCHHOCTH BO3ACHCTBHS PETYISTOPOB pOCTa Ha
MTOCEBHBIE KAYECTBA CEMSH COCHBI OOBIKHOBEHHOH U €T €BPOTIEHCKON TIPH BBIPAIITH-
BaHUU B OTKPBHITOM TpyHTe [49]. OTMe"aeTcs, 4TO B MUTOMHUKAX CIEAYET UCIOIb-
30BaTh CTUMYJHUPYIOLIHE POCT PacTCHUH Mpemnaparsl U3 MEepPedHs pa3pellieHHbIX Ha
Tepputopur PD, CIIHCOK KOTOPBIX €KETOMHO OOHOBISIECTCS. sl CTUMYISIuH mpo-
pactaHusi CeMsH MpeJIoKeHo 53 mpenapara, U3 HUX ToJbKo 2 — PubaB-Okcerpa (Ha
OCHOBE 9KCTpaKTa MUKOPHU3HBIX TPHOOB M3 KOpHEH keHbieHs ) 1 Llupkon (Ha ocHOBe
THJIPOKCUKOPHYHBIX KUCIIOT U3 JIUCTHEB DXUHALIEH ) PEKOMEHIYIOTCs ISl 00paboTKu
CeMSH M CTUMYJISIIIUM POCTa XBOMHBIX. 39 MpemaparoB B 3TOM acIieKTe HE arpoOu-
POBaHBI, U JUIIB s 14 mpernapaTtoB U3y4eHO BIHSHNE Ha ceMeHa XBOWHBIX. Cdop-
MHUpPOBaH MepeucHb A(H(EKTUBHBIX TMPENapaToB Pa3IUYHON MPHUPOJIBI IS CEMsH
cocubl: Arar-25K (1-102, 1-10-3 %), Bapsa-ens (0,025 mn/10 mur Bogsr), Kpesarua
(1 mn/3-5 1), HoBocun (2 xam./1 m), Obeper (7 kam./500 mu), PubaB-Dkcrpa
(1 mu/4-5 1), Hupxon (1 mMa/5-6 1), Dxorens (20 mi/i), DxonuH (1 Ma/3-5 i), Omu-
ctum-C (2 ma/i), Dnun-Okerpa (1-102 %); s enu: [erepoaykcun (4 1/1), ['ymar
(0,01 %), Oxorens (30 mi/m) [49].

Pocm ceanyes. B manbix n1o3ax CTUMYJSTOPHI POCTa B Ka9eCTBE KOPHEBBIX H
BHEKOPHEBBIX ITOJIKOPMOK OKa3bIBAIOT MOJOKUTEIBHOE BO3JICHCTBUE TaKKe HA POCT
CEeSHIIEB XBOMHBIX TIOPOJ, CIOCOOCTBYIOT JIYUIIEMY Pa3BUTHIO KOPHEBOW CHUCTEMBI,
HaKOTJICHHIO OMOMACChl, TEM CaMbIM IO3BOJISISl YBEIMYMBATH BBIXOJ Ka4€CTBEHHO-
ro MOCaJ0uHOr0 Marepualia U CHUXKaTh 3aTpaThl Ha ero BelpamuBanue [41]. Ilpu
1-KpaTHOM BO3JICHCTBUU CTHMYJISITOPAMH TTOJIOKHUTENBHBINA d(DQEKT Ha POCT CESTHIIEB
XBOMHBIX COXpAHSJICS B TEUCHUE BCETO CPOKA BhIpamiuBanus [42].

BrekopHeBass 00paboTKa CesHIIEB COCHBI IOHBHAHBCKOU (Pinus yunnanensis
Franch.) aykcuHamu MOJOXUTENbHO BiMsia Ha ux passutHe [127]. Coueranme
MIPEIIOCEBHON 00padOTKM ceMsH enu eBporneiickoii (Picea abies L. Karst.) u cocHBI
KpbeIMcKoOit (Pinus pallasiana Lamb.) llupkoHoM u [IUTOBUTOM C MOCIIEAYIOUTUMHE
BHEKOpHEBBIMU 00paboTkamu cesHueB Kpesammnom, Cynep I'ymuconom n Cunu-
TUTAHTOM CITOCOOCTBOBAJIO YCHIICHHUIO POCTOBBIX MPOIECCOB CESTHIIEB U WX a/IallTHB-
HOU cIOCOOHOCTH K ycioBusiM BeipamuBanus [42]. [Ipu BHecennn Kpesaunna kak
KOPHEBOM MTOJKOPMKH TIPHY MTOTyUYEHUH CESTHIIEB MUXTHI TOYKOUSITYHHON, Wi Oelro-
Kopoli (4bies nephrolepis Maxim.), ¥ TUXTHI HEeTbHOMUCTHOU (A. holophulla Maxim.)
€ro CTUMYJIMPYIOMUH 3((EeKT Ha UX POCT coxpaHsuics B TeueHue 2 et [31].
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Perynsatops! pocta DHepreH 1 ONUH PEKOMEHI0BAJIMCh K UCIIOIB30BAHUIO TIPU
00paboTKe ceMsiH JIMCTBEHHUIBI cubupckoit (Larix sibirica Ldb.) B nensx ymydiie-
HUS WX MPOPACTAHUS W PA3BUTHS CESHIICB Ha paHHUX dTamax passutws [20]. Bae-
KopHeBasi 00paboTka LInpkoHOM cesHIIEB COCHBI OOBIKHOBEHHOM U KPBIMCKOH (Pinus
pallasiana Lamb.), muctBennutisl (L. sibirica Ldb.) u xeapa (P. sibirica Du Tour.)
CUOMPCKUX Ha 2-M TOJY BBIpAIIMBAHMS IMO3BOJIHIIA 3HAYUTEIBHO YCKOPUTH UX POCT
[40]. Kpe3auun u Arar-25K B xauecTBe BHEKOPHEBOU MOJKOPMKU CESIHIIEB COCHBI
OOBIKHOBEHHOM TOBBIMIAIN Onomaccy pacteHuil B 1,5-2,0 pa3a 1o OTHONIEHHIO K
koHTpomto [41]. JIBykpaTHas KOopHeBas IOIKOPMKa CESHIEB Kelpa KOpeHCKOro
(P. koraiensis Sieboldet Zucc.) peynstopom pocta As0uT B 1-i ro pocTa OKa3bIBa-
J1a TIOJIOKUTENbHOE BIMSIHUE Ha pa3BUTHE CESHIIEB 110 BCEM OCHOBHBIM MTOKa3aTessIM
[28]. BersBiieHo, uro crumynsatopsl Kpesaun, Pudas-2kerpa 1 DkonuH npu 2-Kpart-
HOU KOPHEBOW 00paboTKe OIaronpHUsITHO BO3JCHCTBYIOT Ha IIPOPOCTKH CESHIICB CO-
CHBI TYCTOLBETKOBOH (Pinus densiflora Sieboldet Zucc.), ciocoOCTBYs MOBBIIICHUIO
WX BBICOTHI, THAMETpa IIeHKH, TITHHBI KOpHEeBOW moiu 1 oromaccsr [111]. Kopaesas
00paboTKa cessHIEeB MUXThI UENbHOMUCTHOHN (A. holophulla Maxim.) npenaparamu
Hupxon, Pubdas-Oxcrpa, Kpesamun, DxonuH, JMUH-DKCTpa CTUMYIIAPOBaja pa3Bu-
Tre pactenwnii [33, 34]. BaekopaeBas 00paboTka cakeHIIeB TUCTBEHHUIIBI KasHaepa
(L. cajanderi Mayr.) LlupkoHoM yxe B 1-ii Tog pocTa, ocje nepecaiku B IIKOJIBHOE
OTJIeJICHUE MMUTOMHHKA, YBEIMUHBaja pocT pacTeHui [29]. [TokazaHo MOIOKHUTETb-
HOE BIMSIHUE perynsaTopoB pocta Llupkon, DmmH, Kpesanun, ['erepoaykcun Ha poct
BBIC2YKMBAEMBIX ITOJI IIOJIOT JIEca CaXKECHIIEB Kepa Kopeickoro [27].

Cmpeccoycmotiuugocms. Perynaropel pocTa MOTYT HE TOJBKO MOBBIIIATH
MOCEBHBIE KaueCTBa CEMsH, aKTMBHOCTb Pa3BUTHS CESHIEB, HO U 0OecleunBaTh
YCTOHYHMBOCTH BCXOJ0B K HeOmaronpusaTHeIM (axropam [17, 18, 21, 38]. [Ipumene-
Hue ABK, ecTecTBEHHOro peryniaropa pocTa pacTeHHi, a TAK)Ke ee CHHTETHUECKUX
aHAJIOTOB MOYKET YCHJIMBAaTh MOPO30yCTOMYMBOCTH pacTeHnid [82, 87]. ObpadoTka
1-netHux cesiHueB enu (Picea glauca, P. mariana) HEMOCPEACTBCHHO TIEpe]l 3aJI0-
JKEHHEM MOYEK CHHTETUYECKUM COCIMHEHHEM CO CBOWCTBAMH 3aMEIJICHHUS POCTa —
MaKI00yTPA30JIOM — yITydIllaia X0JI0A0yCTOHIMBOCTE Yyepe3 4 MecsIia ¢ MOMEHTA €To
MPUMEHEHUS], OIHAKO POCT TMOCJE MOCAAKA Y 00padOTaHHBIX CESIHLEB YXYIAIIAICs
[70]. Hanecenne makinoOyTpa3ojia Ha CaKEHIIBI XBOWHBIX CHIDKAJIO POCT MOOEToB
[65, 119, 124]. Ocol0yro 3HaYMMOCTh MPHEMOB TOBBILICHUS MOPO30YCTOMYMBOCTH
CESTHIIEB XBOMHBIX CJIEAYeT OTMETUTh B CBSI3U C BHEJPEHHEM B YCIOBHSAX BBICOKHX
HIMPOT C KOPOTKUM BETETAIMOHHBIM MEPUOJOM 2-pPOTAIHOHHOTO PEKMMa BhIpAIIH-
BaHMs, IPY KOTOPOM CESHIIbI 2-i pOoTalMy B OCEHHHUI NEpUO MOTYT OBITh HEJOCTa-
TOYHO YCTOMYMBBIMH K HU3KUM TEMIIEPATYPaM.

Hecmotpst Ha BbICOKYI0 3(h()EeKTHBHOCTD PETyJSITOPOB POCTa PAaCTEHHN MPH
BBIPAIIMBAHNY IT0CAI0YHOI0 MaTepHaja B JIECHbIX HUTOMHHUKAX, UX MCIIOIb30BaHHUE
CBSI3aHO C JIOTIOJHUTENFHBIME 3aTpaTaMH Ha MPHOOpETEHHE caMUX Ipernaparos, ¢
COOJTIOICHUEM CTPOTHX HOPM IIPUTOTOBIICHHS PAacTBOPOB U 00paboTKH ceMsH. Ilep-
CIIEKTUBHOM SBIISIETCSA pa3paboTKa JTOCTYIMHBIX CTUMYJIATOPOB POCTa, OOJIAAAFOIINX
OonpIIMM Jrana3oHoM () ()EKTUBHBIX KOHLIIEHTPAIMH, HCKITIOYAIOLINX BO3MOXKHOCTh
OTPHLATEIIBHBIX MTOCIEACTBUN IPHU MOBBIIEHHBIX KOHLEHTPALMAX, HETOKCUYHBIX U
9KOJIOTHYECKH O€30MacHbIX.

buocmumynamoper pacmenuti. Epomnetickuii Coro3 (EC) 3akoHOmarenbHO
MpU3HA OMOCTUMYISITOPHI PACTEHUN OTIENBHOM TPYMIION CENbCKOX03IHCTBEHHBIX
npenaparo [68]. OmyOiuKkoBaH periaMeHT, yCTaHABIUBAIOLIMH paBuia pa3Melie-
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Hus ynoOpenwuii Ha peiake EC (2019/1009), B KOTOpOM MOHSTHE «OHOCTUMYISTOP
pacTeHui» onpeenseTcs Kak «IPOAyKT, Ha3HaYeHHEe KOTOPOTO 3aKIIF0YaeTCs B CTH-
MYJIMPOBAHUH MTPOIECCOB MUTAHUS PACTEHUH HE3aBUCUMO OT COIEP)KaHUs MTUTATEIb-
HBIX BEIIECTB B POAYKTE C LIEJBIO YIyUIICHHs OAHON MK OoJIee U3 CIICAYIOINX Xa-
PaKTePUCTUK PACTEHUS WIH pu30ochepsl pacTeHus: a) 3PGHEeKTUBHOCTD TOTIIOMICHUS
W WCTIOJBb30BaHMUs MUTATENbHBIX BEIIECTB PACTEHHAMH, 0) YCTOHUMBOCTh pacTeHHUN
K aOMOTHYECKOMY CTpecCy, B) KaueCTBEHHbIE NIPU3HAKU KYJIBTYP H T') JOCTYIHOCTb
OTPaHUYCHHBIX MUTATEIHHBIX BEIIECTB B MTOUBE WU puzochepe» [77].

VYTOUHSIOTCS TPEUMYILECTBA NPUMEHEHHs] PACTUTEIbHBIX OHOCTUMYISTO-
POB: MOBBIIIEHHAS YCTOMYMBOCTh PACTEHUI K Pa3JInUHBIM CTPECCAM, €CTECTBEHHOE
ycuieHue mMeradbonusma, Oonee 3QQEeKTUBHOE MOIVIOMICHHE, TPAHCTIOPT U UCTIOIb-
30BaHME AIIEMEHTOB MUHepanbHOTro nutanus (OMII), ymydmienne mmogopoaus mo-
YBBI B pPe3yNbTare CTUMYJISIMA aKTHBHOCTH ITOJIE3HBIX JUISl PAacTEHUI MOYBEHHBIX
MUKpoopraHu3MoB [11, 62, 66]. buoxuMuueckre acreKThl HCITOIB30BaHMS OHOCTH-
MYJISITOPOB TJIaBHBIM 00pa3oM CBSI3aHBI C M3MEHEHHEM TOPMOHAJIBHOTO CTaTyca H
MeTabonm3Ma pactenuii [76, 115]. Hayka o OnocTuMynsitopax B HaCTOSIIEE BPeMs
OBICTPO Pa3BUBAETCS, U OHM HAaxXOIAT Bce Oojee mMpokoe npuMeHeHne. Kommep-
YecKre OMOCTUMYIISITOPBI COACPIKAT BEIIECTRA, TOJIOKHUTENBHO BO3/ICHCTBYIONINE HA
POCT U pa3BuTHUE pacTeHuid, a Takke DMIL. bouin onpenenensl 3 0CHOBHBIE FPYIIIBI
OMOCTUMYIISITOPOB: KUCIOTHBIC (TYMHUHOBBIC TTpernaparbl u (yIbBOKUCIOTH, aMHHO-
KHCJIOTBI); SKCTPAKTHI PACTCHUH; MUKPOOHOIOTHUECKHE.

Kucnomnuie ouocmumynsmopul. I'yMUHOBBIE IIpenapaThbl IIUPOKO MPUMEHS-
I0TCSl B CEIILCKOM XO03sicTBe. [Tpy BhIpallinBaHuK 11OCAJOYHOIO MaTepraa XBOMHBIX
MOPOJ UX HCIIONIb30BaHUE OTPAHUYEHO, YTO OOYCIIOBICHO HU3KOH MH()OPMHPOBAH-
HOCTBIO TPOW3BOAUTENCH, HEMOCTATKOM HCCIICIOBAHUN B OTOM HampaBieHUH [2].
OtMmeuaeTcst, YTO TYMHUHOBBIE TIpenapaTsl YBEIMUNBAIOT BCX0KECTh, SHEPTUIO TIPO-
pacTaHusl, IOJIOKHUTEIBHO BIMAIOT HAa PAa3BUTHE HAJI3EMHON YacTH U KOPHEBOH cH-
CTEMBI CeSTHIIEB XBOMHBIX [23, 24, 53, 54, 92]. B TemmuyHoM KOMILIEKCEe ApXaHTelb-
cKoi oOacTé OBLT MCIIBITAaH TYMHUHOBBIN TIpenapar DKOpPOCT B Ka4eCTBE KOPHEBOM
MOJIKOPMKH CESTHIICB €J1 eBpoIeiickoil (Picea abies) u COCHbI 0OBIKHOBEHHOM (Pinus
sylvestris L.), a Takke U1 3aMadyuBaHusI ceMsH e [2]. B coctaB npemnapara BXOIsT:
asot — 2,8 /11, hocdop — 0,02 r/n, kamauit — 5,91 r/71, ryMUHOBBIE KHCJIOTBI — HE Me-
Hee 30 1/7; MUKPO2JIEMEHThI: MeJlb, IMHK, MapraHel, jKene30, celieH. 3aMaunBaHue
CEMSIH €JIN B pacTBOpE IIpernapara CriocoOCTBOBAJIO OBBIILIEHNIO BCXOXKECTH U SHEP-
ruu npopactanus 10 13 %. IIpenapar oka3bIBal MOJIOKUTENIBHOE BIMSHUE HAa POCT
CesTHLIEB COCHBI U M. [Ipu monuBe pacTBOpOM Ipenapara cessHIeB e 1-i poranun
MIPEBBIIICHNE CPETHEN BHICOTHI ONBITHBIX CESHIEB MO CPABHEHHUIO C KOHTPOJIBbHBIMH
coctaBisiio 10 17 %. Jlons craHmapTHBIX MO pa3MepaM CEsIHLEB €U TakKe Oblia
Oosbllle IIPU MCHOJIB30BAaHMUU Ipenapara DKopocT. Ero npumenenue npu nocesax
COCHBI YBEJIMUYMBAJIO BBICOTY CESHIIEB OTHOCHTEIHHO KOHTPOJIBHOTO BapuaHTa [0
19,4 %. IlonuB pacTBOPOM JaHHOTO Mpernapara MO3BOIMII MOBBICUTH BBIXOJ CTaH-
napTHBIX cesHIieB enu Ha 40,6 %, a cocHbl — Ha 36,9 % M0 CpaBHEHHIO C KOHTPOJIEM.
Ha ocHOBaHNM MOJTyYEHHBIX JaHHBIX aBTOPHI [3] MPHUILIM K BBIBOY, YTO TYMHHOBBIH
mpenapar JKOpOCT B OMpPEIENIEHHBIX KOHIICHTPAIMSIX OKa3bIBaeT OIarompHsTHBIN
3 eKT Ha BCXOKECTh CEMSH €111, POCT CESHIIEB COCHBI U €I C 3aKPbITOH KOPHEBOU
CHCTEMOH, U PEKOMEHJOBAJIN €T0 K IPUMEHEHHIO.

Taxoke B ycnoBusix CeBepo-3amnagHoro pernona Poccun ncnbiTad ryMUHOBBIN
nperapar Power Hummus [22]. BHekopHeBast 00paOoTKa CesHIIEB COCHBI OOBIKHO-
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BEHHOM TIperapaToM ¢ KoHIleHTpalueit rymaroB B pactBope 0,01 % Obuia mpoBeicHa
yepe3 1 4 mociie nepecajgku pacTeHU U3 3aKpbITOro TPyHTA B JIECHYIO nouBy. K 3-i
HeJesle 10ciIe IePecagku aKTUBHOCTh IEPOKCHIA3bl, XapaKTepU3yIOIleH ypOBEHb
CTPECCOBOTO COCTOSIHHS PACTCHUH, B XBO€ Y 00pabOTaHHBIX MPENapaToM CesHIEB, B
OmINYKE OT BapuaHTa 0e3 MPUMEHEHHUs IIperapara, okazajaach OJIM3Ka K €e YPOBHIO B
XBO€ CESHIIEB C 3aKPBITON KOPHEBOM crcTeMOW. ABTOPHI [22] 3aKITIOUMIIH, YTO TIpe-
napar CHHKaJl ypOBEHb (PM3HOJIOTHUECKOTO CTpecca Y PacTeHUH, BBI3BAHHOTO epe-
CaJIKOM B JIECHYIO ITOUBY.

Ha ocnoBanuu pe3ynbraToB uccienoBaHuil [3, 22], a Takxe HUCCIEIOBAHUN
JIpyTHUX aBTOPOB [23, 24, 53, 54], TyMUHOBBIE TIpenapaTsl yBEINIHBAIOT BCXOKECTH,
SHEPIHI0 MPOPACTaHUs CEMSH, MOJIOKUTENBHO BIUSIOT Ha pa3BUTHE HAJA3eMHOU Ya-
CTH M KOPHEBOI CHCTEMBbI CESIHLIEB XBOMHBIX U MOT'YT ObITh PEKOMEH/IOBAHBI K IPH-
MEHEHHIO.

Muxkpobuonozuueckue ouocmumynamopsl. OZHAM W3 OHOJOTHYECKU aK-
TUBHBIX IPENapaTroB, CO3JAHHBIX HA OCHOBE 3KCTPAKTa MHMKOPH3HOIO Ipuda, BbI-
JIGJIEHHOTO U3 KOpHEW j>KeHbIIeHd, siBigercs OMUCTUM [52]. OH cOmep UT OKOJIO
75 KOMIIOHEHTOB, CpPeOu KOTOPBIX (DUTOrOPMOHBI ayKCHHOBOM, LIUTOKMHHUHOBOM,
ru00epeNTMHOBOM TIPUPO/IbI, AMUHOKHCIIOTHI, HEHACBIIICHHBIC YKUPHBIC KHCIOTEHI,
YIJIEBOJIbI, MUKPOJIEMEHTBI. DOMHCTUM CTUMYJIHPOBAJ BCXOKECTh CEMSIH, pa3BUTHE
KOPHEBOM CUCTEMBI M POCT B BBICOTY 1-JIETHUX CESIHLIEB COCHbI OOBIKHOBEHHOH U €111
eBponeiickoit [25, 50, 51]. PanHeBeceHHee MpHUMEHEHNE Mpenapara CHUXKaNI0 pUCK
pa3BUTHS TPUOHBIX 3a00I€BaHUH.

[Ipenapar VMBuH moiy4eH myTeM KyJIbTHMBHPOBAHHUS B CTEPUIIBHBIX YCIIOBH-
SIX MHUKPOMHIICTOB C KOPHEBOI CHCTEMbI OOJICIIMXH Ha XKHUIKOH Cpesie, ColeprKaleH
MUHEpaJbHBIE U OpPraHWYeCcKne UCTOUHMKHN nuTaHus [51]. Hannmuue B coctaBe Kom-
riekca (pu3noIOrMYecK! aKTUBHBIX BEIIECTB OOYCIIOBIMBAET LIMPOTY CIIEKTPa €ro
neiicTBus. VIBUH yiydInan pocT KOPEIIKOB MPOPOCTKOB COCHBI OOBIKHOBEHHOH Ha
6—11 %, pocT cesiHIIEB B BBICOTY — Ha 26 % u no auaMerpy — Ha 14 %. Yka3piBaercs
Ha 11eJIecO00Pa3HOCTh MPUMEHEHUS! MUKPOOMOIOIHIECKUX OMOCTUMYIATOPOB MPU
BBIPAIIMBAHNAY TI0CAI0OYHOTO MaTepraja XBOWHBIX IOPOJ.

Buocmumynamopuvl us opesecnou 3enenu. Y CHEUUAINCTOB JIECHBIX MUTOM-
HUKOB IOBBIIIAETCS UHTEPEC K JOCTYNHBIM U HECIIOKHBIM B IPUTOTOBIECHUM CTH-
MYJISITOpaM pocTa, BO3PACTaeT TEHEHIMS K MCIIOJIb30BAaHUIO MIPENapaToB U3 pacTH-
TEJIBHOTO ChIpbs [6]. [IpenmyiiecTBaMy NPUPOAHBIX PETYIATOPOB POCTA SIBISIOTCS
MX 3KOJIOTHYecKasi 6e301acHOCTh, MHOTO(YHKIIMOHATBHOCTh J€HCTBHA, B T. . CIIO-
COOHOCTb CHM)KaTh MOCIEICTBHS CTPECCOBBIX BO3JCHCTBUH OKPYKAIOLIEH Cpebl Ha
pactenus [60]. Ix mpuMeHeHne MO3BOISET YMEHBIIIUTH YaCTOTY 00pabOTKH ITOCEBOB
(GyHTULMIAMH, OHU HE BPEIHBI JUIs YeJIOBEKa, PACTEHHH U MOJIE3HOH MUKPOQIOPHL,
OTJINYAIOTCS] MAJIBIMH HOPMaMH Pacxofa.

Oco06oro BHUMaHUs 3aCITy’)KUBACT TOJIyUYeHHE IKCTPAKTOB U3 JIPEBECHOM 3elie-
HHU. DTOT BUJ PACTUTEIBHOTO CHIPBS SIBISETCS CaMOBO30OHOBIISIEMBIM, IOCTYITHBIM
u femeBbIM. [IpeBecHyr0 3eJeHb XBOMHBIX MOPOJ B CBEXKEM BHJIE MOXHO Iepepa-
OaTbIBaTh B TEUCHHE BCETO ro/ia, UCIIOB3Ys B Pa3JIMUHBIX 00JACTAX COoAepIKalInecs
B HEW OMOJOrMYecKH aKTHBHbIE coeAMHEHMs. IIpon3BoacTBO OMOCTHUMYIISTOPOB U3
JPEBECHBIX OTXOOB aKTyaJbHO TAKKe B CBS3U C MPOOJIEMON paliMoOHaIbHOTO TPH-
MEHEHHUs ApeBecHOoro chbipbs [12, 13, 43]. IIpu npoBeneHUU 1€CO3arOTOBUTEIBHBIX
paboT, pyOKax yxoja, paCuuCTKe TPacc JUHHMA 3JIEKTpoIiepead 00pa3yroTcst OTXOIbI
JPEBECUHBI — OPYOOUYHBIE OCTATKH — Cy4bsi, BETBH, BEPILIUHBI U OOJIOMKH CTBOJIOB
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JIepeBbEB, OMWIKK ¥ Tp. [IpH cyliecTByrOmuUX crnocobax nepepadoTKH IPEeBECHOTO
celpbst B Poccun monesHo ucnonb3yercss okono 1/2 Guomaccel nepeBa. OCHOBHBIC
MTOTepU MPUXOMITCS HA JPEBECHYIO 3€JIeHb (JIecoceuHble OTX0AbI) [45, 55]. Omuum
W3 MyTEH peleHus: 3TOH MpoOIeMBbl SIBISETCS MPUMEHEHNE JAPEBECHOW MacChl JUIs
MTONTy4eHMs] OMOJIOTHYECKH aKTHBHBIX TPEnapaToB.

Ipenapamer u3 xeotinvix nopoo. XBOWHASI JpeBECHas 3€JCHb, KOpa, IpeBe-
CHHA BBICTYIIAIOT B KQUECTBE NCTOUHUKOB OMOJIOTMYECKN aKTUBHBIX KCTPAKTHBHBIX
BemecTB [64]. DT0 BO30OHOBISIEMOE PACTUTEIHHOE CHIPHE COACPKUT COCTUHEHUS,
oOnafarone UMMYHOCTUMYIUPYIOLIeH, QYHIHIUAHONW, OAKTEpULUIHON aKTHBHO-
CTBIO, HA OCHOBE KOTOPBIX pa3pabOTaHbl PerylsaTOPhI pOCTa paCTeHH H OHWompena-
patbl. MccnenoBanus cOCTaBa KOMIIOHEHTOB XBOMHOTO ChIPhsl, KOMILJIEKCHOW IIEpepa-
OOTKH M €ro UCIOJIB30BaHUS B PA3IMYHBIX OTPACIISAX aKTHBHO MTPOBOJIMIIACH €IIe CO
2-1f IOJIOBHUHBI MTPOIIIOTO CTOJETHS U MPOJOKAIOTCS B HacTodAIIee Bpems [63, 64].

Ha oreyecTBeHHOM pBIHKE TPEICTABICHBI Mpernaparsl Ha OCHOBE IKCTPaK-
THBHBIX COCTUHEHUN XBOWHBIX pacTeHHi [60]. JleHcTByIOMMMH BEIECTBAMH ITHX
MpenaparoB SIBISIOTCS OMO(GIAaBOHOW TUTHAPOKBEPLETHH, BBIICICHHBIA W3 Ape-
BecHHBI JucTBeHHUIBI (JlapukcuH, Arpoctumyi), TeprieHou sl cocHbl (Teprenon),
TpuTepneHoBbie KucioTsl muxThl (Cuik, HoBocwi, Bapsa) [46]. Ocobennoctu nx
OJaronpusTHOrO BO3ACHCTBHS Ha (YHKIHOHAIBHYIO AKTHBHOCTb, POCTOBBIE MU
aJanTaIlMOHHbBIE MPOIECCHl Y PACTCHUNA TpeacTaBieHsl B padore [60]. IlpoBomsar-
Csl MCCTIeOBAaHMS BIMSIHUSL OMOTpEenaparoB U3 XBOWHOW ApeBecHOU 3eneHn Bapsa
1 BapBa-ens Ha BCXOXKECTh CEMSH, POCT M Pa3BUTHE MPOPOCTKOB €T CHOMPCKON H
0OBIKHOBEHHOM, COCHBI 0OBIKHOBEHHOH [2]. B X071e 1a00paTopHBIX OIBITOB OTMEUe-
HO TIOJIOKHTENbHOE NieiicTBre BapBa i BapBa-enb Ha pocT KOpHEH U MPOPOCTKOB €U
cubupckoit. [IpenmoceBHas 06paboTKa CEMSH dTHMH IIperapaTaMu MpuBesa K mpo-
JIOHTHPOBAaHHOMY BIUSIHHIO HA POCT CESHIEB COCHBI OOBIKHOBEHHOH [58]. AKTHBHO
M3y4JaloTCsl OMOIpernaparsl Ha OCHOBE TPUTEPIICHOBBIX KUCIIOT MHUXTHI CHOUPCKOHM,
takux kak CUJIK, HoBocui, brocui, mokasano ux pocToCTUMYIHPYIOIIEe U 3aIlIUT-
HOE JIeCTBUE HA pa3HbIe BUAbI PACTEHUM, B T. 4. XBoHbIE [18, 37, 57].

BBISIBICHO TIOJIOKHUTENBHOE BIMSHUE YKCTPAKTOB MOXIKEBEIbHUKA HA IPO-
pactaHue CeMsiH COCHbI OOBIKHOBEHHOMH, POCT MPOPOCTKOB U MX 3AILUTY OT HH(EKIIUH
[35]. [Toxazana 3aBUCUMOCTH CTUMYJIUPYIOIIETO BO3IEHCTBHS BOTHBIX SKCTPAKTOB U3
XBOM MOYCOKEBENIBHUKA Ha MPOPACTaHUE CEMSIH COCHBI OOBIKHOBEHHOW OT aKTHBHO-
CTH B HUX (puTOrOpMOHOB [35]. OTMEHaIoch HaTM4re CyMMapHOTO OJIaronmpusiTHOTO
BIIMSIHUS TPYTITIBI OMOJIOTHYECKH aKTHBHBIX BOJIOPACTBOPUMEBIX BEIIECTB, IKCTparu-
PYEMBIX U3 XBOU COCHBI OOBIKHOBEHHOM, Ha HAKOIJICHUE CyXOW Macchl 15-aHEBHBIX
MIPOPOCTKOB COCHBI OOBIKHOBEHHOM [7].

OTMeueHBI OJIOKUTEIbHBIE PE3yNbTaThl BO3/ICHCTHSI HA POCT U pa3BUTHE Ce-
STHIIEB €] CUOMPCKON M COCHBI OOBIKHOBEHHOW HECKOJIbKHX IPEraparoB, B T. 4. Ha
OCHOBE JIpEBECHOI 3esieHn e Bopa-enb [47]. B akcniepuMenTe cemMeHa enu cuoup-
CKOH Tepe]T TOCEBOM B OTKPBITHINA TPYHT MOCIIEIOBATEIbHO 00padaThIBaIM pacTBOpa-
mu npenaparoB Oeposut, LlutoBut, Bapea-ens. B 1-ii rox BeIpaliuBanys IpOBOAMIN
KOPHEBYI0 00paboTKy DnuHOM-OKcTpa U letepoaykcuHoM, Bo 2-if — ['etepoaykcu-
HOoM. KomMOmHMpOBaHNe OHONIpenapaToB MOBIHSIO HA (OTOCHHTETHICCKUN armapar
y 2-TIETHUX CESHIEB €JIH — IIPOUCXOANIIO MTOBBIIICHUE COIEPKAHUs XIopoduia a, b
Y KapOTHHOHJIOB B XBOE, UTO MOJOKHUTEIHHO KOPPEIMPOBAIO C BEICOTON 1 (huTOMAac-
COH HaJA3eMHOM yacTu pacTeHuid. B BapuanTte ¢ npenaparom Bapsa-enb exxeroaHsiii
JIMHEWHBIN MPUPOCT MPEBBIIIAI TOKA3aTeNb I KOHTPOJIbHOTO BapuaHTa Ha 60,1 %.
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[Ipu co3maHum ydacTKa OIMBITHBIX KYJIBTYp CESHIIAMH €] C OTKPBITOM KOpHEBOM
CHUCTEMOH, BBIPAIIICHHBIMH C MCIIOJIb30BAHUEM OHOITPEraparoB, JOCTUTHYTHI BBICO-
KM€ TIPIKABAEMOCTh M COXPAaHHOCTH KyIbTyp (95—100 %). CaskeHIII €1u BapuaHTa
BopBa-enb oTaIMYanuch 3HaUUTEIBHOM BBICOTOM (110 53 cMm).

Ucnpiranus pazpaboranHoro Ha 6a3ze THXBUHCKOTO XMM3aBOa XBOIHOTO TTpe-
napara 13 JpeBECHOHN 3eJIeHH COCHBI M €U, B COCTaB KOTOPOTO BXOASAT XJIOPOQHII-
JI0-KapOTHHOBAs MACTa, XBOMHBIN 3KCTPAKT U XBOWHOE 3(hHMpPHOE MacIo, MOKa3alu
MOJIOKHUTETHHBIE PE3yBTaThl TIPY BRIPAIIMBAHUH ITOCA0YHOTO MaTepHraia XBOMHBIX
MOpPOJ] B YCIOBUSIX JIECHOTO MUTOMHHMKA. [locne 1-kpaTHON KOpHEBOW MOAKOPMKH
CESTHIICB COCHBI OOBIKHOBEHHOH C OTKPBITOW KOPHEBOH CHCTEMOM Ha 2-i TOI pocTa
MOBBIIIAIUCH TI0 CPABHEHHUIO C KOHTPOJIEM Macca cesHIEeB (B 2 pa3a) U JUHEHHbIE
napaMeTpsl (B 1,5 pasza), oTMeHalioch yBEINYSHHOE HaKoIIeHne pocdopa B opraHax
cestHIIEB [8].

Dxempaxmei u3 aucmeennvlx OpesecHvlx nopoo. bonblioi nHTEpec npeacTas-
JISET TOJTyYeHHUe MpenapaToB U3 APEBECHON 3eJICHH JTUCTBEHHBIX TIOPO, XapaKTepu-
3YIOIUXCSI BEICOKOH CKOPOCTBIO POCTOBBIX MPOLIECCOB U CaMOBO300OHOBIEeHNs. Pa3pa-
00TaHbl TEOPETHUYECKHE OCHOBBI pecypcocOeperaromneii KOMIUIEKCHOW mepepadoTKu
BEreTaTUBHOW YacTH JIMCTBCHHOM JPEBECHOM MOPOJBI — TOMOJNS 0aahb3aMUYE€CKOTO
(Populus balzamifera L.) cemeiicTBa Salicaceae, mo3BOJISIIOIIECH B €AMHOM TEXHOJIO-
THYECKOM TIPOLIECCe IMONydaTh MPOAYKTHI, OOMagaromue OMOIOrHIecKod aKTHBHO-
ctbio [14]. [ToBbIeHNE Ka4eCTBEHHBIX XapaKTEPUCTHK CEMSIH COCHBI OOBIKHOBEH-
HOW HaOITIOIaJI0Ch MOCHe X 00paOOTKH BOIHBIM IKCTPAKTOM U3 PACTYIIUX JTHCTHEB
UBBI KO3bei (Salix caprea L.) ¢ makcumanbHoi ['K- u MuanmansHoit ABK-niogo6Hoi
aKTUBHOCTAMHM B cyTouHOM LHKiIe [9]. CeMeHa 2-ro kiacca noj BO3ACUCTBUEM Mpe-
rapara CTaJli COOTBETCTBOBAaTh 1-My. BogHbIe SKCTpakThl KOpHEH M BETOK Oepe3bl
II0CKOMUCTHOM (Betula platyphylla) ciocoOCTBOBaIM MPOPACTAHUIO CEMSH H POCTY
THITOKOTHIIS JINCTBEHHUIIBI OJIbTHHCKOM (Larix olgensis) [98]. lpeBecHas 3eneHb Iu-
CTBEHHBIX TIOPOJI MOXKET MCIIOJIb30BATHCS M B KAUECTBE KOMIIOHEHTa cyOcTpara mpu
BBIpAIIMBAHNY MTOCAJ0YHOTO Marepuaia B 3aKphIToM rpyHTe. [lonoxuTenbHbIi 2-
(eKT Ha POCT CEsIHIIEB COCHBI OOBIKHOBEHHOW OTMEYasIcs IIPU BHECEHUU B TOpdsiHON
cyOcTpar nepepaboTaHHON APEBECHOM 3eJIeHH OBICTPOPACTYIMX BHOB JIMCTBEHHBIX
mopoJ: WBHI Ko3bel (o 33 % obOnema), Gepessl moBucioit (Betula pendula L.) (mo
25 % oObema) u onbxu cepoit (Alnus incana L. Moench) (10 25 % oGbema) [12].
OTMmeuasi BRICOKYIO (DH3HOIOTHUYECKYI0 aKTHBHOCTh OMOTIpEnapaToB U3 XBOWHBIX H
JIUCTBEHHBIX MOPOJI, CIeIyeT yKa3aTh Ha HeIOCTaTOYHOE UCTIBITAHHE UX B YCIOBUAX
JIECHBIX TUTOMHUKOB C LIEJIbIO BBISIBJICHUS BIUSHUSA HA POCT U YCTOUYUBOCTH CESIH-
neB. MccmenoBanus B 5TOM HalpaBlIEHUH CIOCOOCTBOBANX ObI BHEIPEHHUIO TaKUX
MIPETaparoB B IPAKTHKY JICCHBIX TUTOMHHKOB.

Drempaxmelr mopckux sodopocieil (OMB). B MAPOBOI TIPaKTHKE B KaUECTBE
OMOCTUMYIIITOPOB BCe OoJiee aKTHBHO UCONB3yIoTCss OMB, xoTophie B cTpanax EB-
POTIBI OTHECEHBI K TPYIITIe HEMUKPOOHBIX OMOCTHMYISTOPOB pacTeHuit [61]. Hanbo-
Jiee MUPOKO mpuMeHseMbie B Mupe DMB — ato Acadian, Algifert, Goemar, Kelpak,
Maxicrop, Seasol, Strimplex. [IpencrapneHbl CBeJICHUS O CAMBIX MOMYJISPHBIX KOM-
MepUeCKuX MpoayKTax Ha ocHoBe DMB [95, 105, 117]. UccnenoBanus maMuHapH-
eBBIX U (DyKycOBBIX Bojopocieit benoro u Slmonckoro Mopeit mokasaiau HalUuue B
HUX TIOJINCAXapHJIOB, BATAMUHOB, JKUPHBIX MOJUEHOBBIX KHCJIOT, ayKCHHOB U THO-
OepesTMHOB, OOraThlii COCTaB MEPBUYHBIX M BTOPUYHBIX METaOOJIHTOB, MHKPO- U
MakposJieMeHTOB [4, 19]. DTo gano oCHOBaHUE CUUTATh, YTO BOAOPOCIH SIBISIFOTCS
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XOPOIIIUM PECYPCOM ISl TPOU3BOJICTBA HKCTPAKTOB CO CBOMCTBAMHU OMOCTUMYIISITO-
poB pactenuii. Kak 1 (UTOrOPMOHBI, 5TH 3KCTPAKTHI BIUSIOT Ha (PU3HOIOTHYECKHUE
MIPOIIECCHI TIPH OYCHDb HU3KUX KOHIIEHTparmsx [73].

O6o03Ha4eHbl MEPBOOYEPEHBIC 3a/1auH, peIICHHE KOTOPBIX TOJKHO Ompere-
JISTh TIEPCIIEKTUBEI UCTIONB30BaHus DMB B Ommkaiimme roasl [61, 68]. I1o pesymnbra-
TaM HCCJIEZIOBAaHUH, YUUTHIBAIOIINX SKOHOMUYECKYI0 000CHOBAaHHOCTh MTPUMEHEHUS
OMB B pacTeHHEBOJICTBE, U HUX JIOJDKHBI OBITH pa3paboTaHbl PEKOMEHIAINH T10
criocobaM ¥ HOpMaM, 4acToTe U CpoKaM BHECEHHs M T. 1. HecMoTps Ha To, 4TO BHe-
npenre OMB B cenbckoxo3sHCTBEHHOE MPOU3BOICTBO COKpAIAaeT MCIOIb30BaHUE
OKOJIOTHYECKHA BPEIHBIX XMMHKATOB M CIIOCOOCTBYET COXPAHEHHIO OKpY’KaIOIIeH
cpensl [112], orMeuaeTcs Hellenecoo0pa3HOCTh 3aMEHbI XUMUYECKHUX YA0OpeHUH Ha
OMB [61]. BHeapenue TexHonorui npumenennss OMB coBMecCTHO ¢ MUHEpaJIbHBI-
MU yIOOPEHUSMH MO3BOJIUT MOIYYaTh MAaKCUMAIBHYIO MOJB3Y OT IIUPOKOTO accop-
TUMEHTA PETYIATOPOB POCTA.

Poccust o6amaeT OOMBIIMMU 3amIacaMy Pa3IUYHBIX BHIOB MOPCKHX BOJOPOC-
JieH, 100bIYa KOTOPBIX TPAAUIIMOHHO ocylnecTBisiercs Ha JJanpaem Boctoke (SnoH-
CKOe Mope), F0KHBIX 1 Manbix Kypunbckux octpoBax, Caxamune, B [Ipumopse, Ha
MaTepUKOBOM odepexbe OxoTckoro Mops u B benom mope. Benercst paspadorka
TEXHOJIOTUH KOMIUIEKCHOTO HCIOJIb30BaHUS MOPCKUX BOJOPOCIEH, OAHAKO 3aKas-
YUKAMH SBJISIOTCS B OCHOBHOM TPOWM3BOAMTENH IMHUIIEBHIX, (hapMalleBTHUECKUX H
KOCMETOJIOTHUECKUX NPOAYyKTOB. [liis nenei pactenneBoacTBa B Poccun u3 Oypbix
BOZIOpocIiel bermoro Mopst pou3BOIAT YIOOPEHNs, HO HE AKCTPAKTHI ¢ OMOCTHMYITH-
pyrommmu cBoiictBamu. Cripoc Ha OMB yBennuuBaeTcs Kak CIeACTBUE TCHACHIINH
K PacIlIupeHnIo TPUMEHEHHS TeIUTHYHONW THIPOTIOHUKH.

OMB ona necuvix numomuuxos. Viccimenosauusa Bausaug OMB Ha xauecTBO
CesTHIIEB XBOMHBIX M JIMCTBEHHBIX APEBECHBIX MOPOI B JIECHBIX MUTOMHUKAX B Ha-
CTOsITIIEe BpeMs HaXOAATCA Ha HadabHOU cTaauu. [IperncraBieHbl efMHUYHbBIE KC-
NepUMEeHTalbHbIe JaHHble B 3ToM Hampasienuu [99, 100, 122]. Hayunsie paGoTsl
MIPOBOJIMIIN B CBSI3HM C HEOOXOAMMOCTBIO aJJalITUPOBATh CESHIBI XBOMHBIX PACTECHHM
K 3aCYIIUIMBBIM YCJIOBHSIM TIPH WX BBICAJIKE HA JIECOKYIBTypHBIC Tutomann [99, 100].
Coobmaercst, YT0 IO MEpe M3MEHEHHUSI KITMMaTa, TPUBOJSIIETO K 3aCyIIIIMBBIM YCIIO-
BHSIM B MECTax MOCankd, 3PpPEKTUBHON MOKET OBITH COOTBETCTBYIOIIAS MIPEABAPHU-
TeJIbHAs TIOATOTOBKA CESIHLIEB MPH BBIpAIIMBAaHUM B MMUTOMHHKaX. [Ipennomnaraercs,
YTO aKTHBHBIN POCT KOPHEH y CESHIIEB TPH Mepecajke CTaHeT KPUTUIECKU BaKHBIM
Uit 00eCTedeHus JIOCTaTOYHOTO TOTIIONICHUsT BOJBI JI0 Hauaia 3acylUIMBBIX Iie-
PHOIIOB B KOHIIE BECHBI—HAYaje JIeTa, KOTOPbIE, [0 MPOrHO3aM, YCHIISTCS B CBSI3H
¢ xmumarndeckumu cauraMu [100]. OcoOwIif HHTEpEC ¢ TOYKU 3PSHUS aIanTalluy
CesTHIIEB K HOBBIM YCJIOBHUSIM IIPH BBICAAKE HA JIECOKYIBTYPHYIO TUIOIIAAb PEe/ICTaB-
JISET COOOIIeHNE 00 YBEINYSHUH 3aCYyX0YCTONYNBOCTH PACTEHUH TI0J] BO3/IEHCTBUEM
OMB [73]. Tak, kKoJI14eCTBO CPOPMHUPOBABIIUXCS KOPHEH M, CIICI0BATEIILHO, (PH3H-
oJloru4ecKasi (yHKIUSI TOJEBUIIBI TON3y4ert (Agrostis palustris) ObUTH yBETUYEHBI
3a CUeT MpUMEHEHUsI dKCTpakTa Ascophyllum nodosum (L.) Lelolis (ANE) [128].
BBDKMBAEMOCTD CESHIIEB IPEBECHBIX TIOPOJI [IPU MEpecaaKe yaydIaeTcs, €Ciid OHU
MOTYT Cpa3y IycKaTh KOpHH B TOuBy [84]. Ilpm 3TOM OTMEUaeTCsl, UTO IMOYBCHHBIC
YCIIOBHSL JIECOKYJIBTYPHOM MJIOMIA A ONPEACIISIFOT KOJTMUECTBO KOPHEH, HEOOX0AMMOe
JUTSL BBDKMBAHUS.

Bri0 rcipITaHO KOPHEBOE BHECEHHUE DKCTPaKTa Oypoit BOMOPOCH A. nodosum
(L.) LeJolis B onpeneneHHbIX KOHIEHTPALMAX IS CESTHIIEB COCHBI CKPYUEHHOM 1IH-
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pokoxBoitHO# (Pinus contorta Dougl. var. Latifolia Engelm.) B centsiope no Bapu-
aHTaM 3 W 6 pas3, AJsl CesiHLEB eNu B aBrycte u centsiope 4 u 8§ pas. [100]. IIpn
repecajake B MIOHE Ha JIECOKYJIBTYPHYIO TUIOIIA b Tpenapar B KoHreHTpaiuu 1:500 ya-
CTeH BOJIbI 3HAYUTENBHO, /10 30 % 10 cpaBHEHUIO ¢ KOHTpoJIeM (06e3 00paboTKu mpe-
[apaToM), yBEJIMUUBAJ Y CESIHLIEB COCHBI 001I1ee KOJIMUEeCTBO OENbIX KOpHEH, KaK Ko-
pPOTKUX, TaKk U IMHHBIX. [Ipenmonaraercs, uro ANE ctumynupoBai y COCHBI 00pa-
30BaHUE OOKOBBIX KOPHEBBIX 3a4aTKOB BJIOJIb CYILECTBOBABIINX CYyO3PH3UPOBAHHBIX
KOpHEH M HEe OKa3aJl BIMSHUS Ha 00pa30BaHUE KCUJIEMbI B IPEBECHBIX KOPHSX, KOTO-
past cocTaBIsieT OOJBIIYIO YaCTh KOPHEBOW OMOMAacChl. DTH pe3ylbTaThl OTINYAIOT-
cs1 OT JaHHBIX MCCIIETOBAHNASA MHOTOJIETHHX 3J1aKOB: exeMecauHoe BHeceHne ANE B
Te4YeHHe BEreTallMOHHOTO NepHo/ia (C UIOHS MO HOSIOPh) YBEIMYUBAJIO CYXyI0 Maccy
kopHeli [128]. ANE B 3ToM onbITe MOBBIIIAN ATUHY KOPHEBOH CUCTEMBI y CEIBCKO-
XO3HCTBEHHBIX PACTEHUI MPU BHECEHUH BECHOM Ha ATare (POpMUPOBAHHS Paccaibl
B KyibType [108]. PazHuma mo cpaBHEHHIO ¢ COCHOW MOXET OOBSCHSITHCS MEKBU-
JOBBIMH PA3IMYUSAMHU, 00YCIOBIEHHBIMU OCOOCHHOCTSIMU CTPOEHUSI KOPHsI, HEOIH-
HAKOBOM JI03UPOBKOM Ipernapara, a Tak’ke YacTOTOH MM CPOKaMHU €ro MPUMEHEHHSI.

O6paboTtka ANE cesHIIeB enu 0estoil BO BpeMsl BBIPAIIMBAHUS B IUTOMHUKE
B aBTyCT€ M CEHTSI0pe OoKa3aia 3HAYNTEIHbHOE BIMSHUE HA BBIXOJ OENbIX KOpHEH n3
HETOBPEXIEHHOTO TopdsiHoro cyOcTpara B cepenune mas [99]. Ilo cpaBHeHuto ¢
KOHTPOJIEM BHECEHHE Iperapara 3Ha4YuTeJIbHO YBEIMUMBAJIO 0011ee KOJIMIeCTBO Oe-
JBIX KOpHEH — 10 63 %, B T. 4. AnuHHBIX (55 cM) — 10 110, 1 kopotkux (5 cM) — 110
44 %. Bocemukparnoe npuMmenerrne ANE mpu BeIpalinBaHuy cesSHIIEB e 0e10ii o
CPaBHEHHIO C 4-KpaTHBIM Ha MPOTSHKEHUH aBI'yCTa M CEHTSIOPs He 0Ka3asio JOMOIHU-
TEJILHOTO IEHCTBUS HA JUIMHY KOPHEBOW CHCTEMBI B CEpEIUHE OKTSAOPS WM BBIXOA
KOpHEH ciemyromieil BeCHON. YUHThIBasI, 9To Aarhl 4 npuMenenniit ANE u mepBoix 4
13 8 COBMaaM M YTO MOBHIILICHHBIC YPOBHHU SHAOTEHHOTO ayKCHHA U IIUTOKMHUHA B
TKaHSAX KOpHEH, BbI3BaHHbIE MpuMeHeHueM ANE, HocaT BpeMeHHbIH xapakTtep [126],
ABTOPBI MPETOIOKHIIN, YTO OTCYTCTBUE TAKOTO BIUSHHS OOYCIOBICHO BpeMEHEM
nocneqHux 4 u3 § o6pabOTOK MO OTHOIIEHHIO K IMKIYy pocTa/mokosi KopHei. Kak
VIUTUHSIFOIIECS, TaK ¥ TIOTJIOIIAIOIINE KOPHH CESTHIIEB eJr Oelloi IEMOHCTPUPOBAIIH
JTUCKpPETHbIC IIMKIIbI aKTUBHOTO pOCTa B KOHIIE JieTa/Havyane oceHu [90]. BoamoxxHo
TaKke, 910 8-kparHoe BHeceHne ANE ObITO H30BITOUHBIM.

BosaeiictBue npenaparos Mapan (Maral) u [lurekn (Shigeki), cogeprxammmx
10,5 % DMB A. nodosum (L.) LeJolis, a Taxxke 60p, Me1b, Ke1€30, MapraHer| ¥ IUHK,
OIICHUBAJIM B JICCHBIX ITMTOMHUKAX B BOCTOYHO-I[EHTPaNbHOH [lomblie Mo JaHHBIM
MPUMEHEHUS K 2-JIETHUM cestHIIaM 1y0Oa ueperruaroro (Quercus robur L.) [122]. Otn
[penaparsl SBJSIFOTCS OAHUMH U3 MHOTHX JOCTYIIHBIX OMOCTHMYJISTOPOB, HUCIIOJb-
3yeMbIX B CEJIbCKOM XO3sIICTBE M CaJI0BOJICTBE B CiIydae cTpecca y pacteHuil. OHu
MOJIOKUTEIBHO BIMAIOT HAa METaOOJIM3M PAacTEHHUI, 4TO CIIOCOOCTBYET MX JIydIlle-
My Pa3BHUTHIO U MOBBIIIEHUIO CTPECCOYCTOWYMBOCTU. B sKCIiepuMeHTe B KadecTBe
CTpeccoBOro (hakTopa MPUHSIIM PacpOCTPAHEHHYIO B JIECHOM XO3SIMCTBE NPOLIEAY-
Py TOpe3KH KOPHEBBIX CUCTEM cestHIeB. [Ipumenenne npemnapara OblT0 Harpasiie-
HO Ha YJIy4yllIeHHE Pa3BUTHS U YCTOMYMBOCTU TOCJIEC BO3HHUKHOBEHHS CTpecca. 3a-
Jadel ucciaeqoBaHus ObUIO TaKKe MCIBITAaHUE MPENaparoB, COACPKALINX IKCTPAKT
A. nodosum, nnsi CHWKEHUSI PUCKA BO3HUKHOBEHHSI MYYHUCTOW POCHI, BbI3bIBac-
Mol rpubkoM E. alphitoides. CooOmanock, 4T0 OMOCTUMYISITOPBI, COACpIKALINE
A. nodosum, TIOBBIIIANTHA YCTOWYHBOCTh K OMoTHUeckuM daktopam [89, 122]. Uc-
noJb30BaHue mpemnapara ¢ O9MB 11st cenbCKOX035HCTBEHHBIX PACTEHHI 3HAYNTEIb-
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HO YMEHBIIIAJIO UX 3200J1eBaeMOCTh BO30YIUTEISIMH ITPH HHOKYJIUPOBAHUH B TCTLITHY-
HBIX YCJIOBUSIX, & TAK)KE MOPAKEHUE JINCTOBBIMH I'PUOKOBBIMH 3a00JIeBaHUAMH [88].

B skcriepumente [ 122] mpoBOAMIIA OTIPEICKUBAHUE PACTEHUN BOIHBIM PACTBO-
pom npenapatoB Llurexn u Mapana. [Togpeska KopHEBOIi ccTeMbI ObliIa BBITIOJIHE-
Ha B ampenie—Mae. OOpadOTKH OMOCTUMYIATOPAMHU OCYIIECTBISLIN 2 paza — BO 2-i
nexajne Masi 1 1-it nexaje urons. Uepes 2 mecsiia mociie 3aKIounuTeIbHO 00paboTKH
y CEesHIEB ONpEAeIsuI OMOMETPUYSCKHE TTOKA3aTeNId U KOJMYECTBO JIUCTHEB, I10-
paxeHHBIX TpHOOM E. alphitoides. BrIsIBICHA CTAaTUCTHUECKU 3HAUYNMAsT TCHICHIINS
YBEIIMYCHHUS JJIMHBI KOPHEH MOCIIe MX TOAPE3KH O] Bo3eicTBreM mperaparos. [1o
MHEHHIO aBTOPOB [122], UcTIbITAaHHBIE ONOCTUMYJISTOPHI MOTYT OKa3bIBATh MTOJIOKH-
TEJIbHOE BIUSHHUE HA Pa3BUTHE CESHIIEB Jy0a TOCiIe BOZHUKHOBEHHS CTpecca, HO
MTOBBIIIICHUS BCIIEJCTBUE WX TIPUMEHEHHS €CTECTBEHHOTO MMMYHUTETA W CHIDKCHHS
uHumpoBanus E. alphitoides ne HaOMOMAIOCH.

Astopsl [99, 100, 122] npunum K BBIBOAY O LENECOOOPa3HOCTH HCIOIb30-
Baans DMB ANE mpu BeIpanmBaHuu CESHIEB APEBECHBIX MTOPOA B MHTOMHUKAX B
KOHIIE JIeTa — Havajie OCEHH JUIS CTUMYJIMPOBaHUs pa3BUTHS KOpHEW cpasy mocie
BECEHHEH MOCaJIKH, YTO CIOCOOCTBYET MOAJEPKAHUIO BOJHOTO OallaHCa PacTeHHM
[83, 84]. OTMeuaeTcs, uTo HEOOXOTUMBI aTHHEHIIIIE NCCICIOBAHMUS I yTOUHCHUS
OHMOJIOTMYECKU ONTHUMAILHBIX M SKOHOMHUYECKHU IIeJIECOO0pa3HbIX HOPM BHECEHUS
OMB ANE, a Ttakke 9acTOTHl WX MPUMEHECHHS B yCIOBUAX JICCHOTO IMUTOMHHKA C
nocieayoeld OLeHKOH A PeKTa Ha 3aCyIUTUBBIX JECOKYJIBTYPHBIX TUIOIAISX.

Bpemennoti paxmop npu 3acomoske pacmumenvroeo cuipvi. [lomydenune u
MPUMEHEHHE OHOCTUMYJIISITOPOB B MPAKTHKE JIECHOTO M CEIILCKOTO XO3SIHCTBA MPE/IIo-
JlaraeT pelieHne psja 3a1ad HayYHO-TIPHUKIIJHOTO M IMPOU3BOACTBEHHOTO (TEXHOJIO-
I'I/I‘-IHOI‘O) XapakTepa, TaKUX KaK ONTHUMH3AIUA IMPOoIECCa SKCTPAKIUN U TOCTUIKCHUEC
CcTaOWILHOCTH B COCTaBE MPOM3BOIUMBIX IMPENAPaToOB, YCTAHOBICHUE HanOojIee Ha-
TIeKHBIX CTIOCOO0B MX XpaHCHHS U TPAHCITOPTHPOBKUA. OCOOESHHO 3HAYMMBIM TSI Ha-
JIMYHS B TIpenaparax OMOCTUMYIISITOPOB SBIISIETCS MPaBUIIBHBIN BEIOOP BpeMeHHU cOopa
PacTUTETHHOTO CHIPhS, 3aBUCAIIHIA OT BHIOBOH IMPHHAIIICKHOCTH pacTeHHH, Pas3bl HX
Pa3BUTHS U YCIOBHI OKpYy>Katomien cpensl [9]. bombioii mepedens SKCTPaKToOB K3 pas-
JUYHBIX BUIIOB pacteHuil [2, 32, 35, 59, 98, 130], oka3pIBaromUX CTUMYIUpPYIOIICE
BO3ICHCTBHE HA PACTCHHUS, TIO3BOJIMI aBTOpaM [49] TIpeAIoIoKNTE, ITO SKCTPAKTHI 3€-
JICHHU J'I}O6I)IX paCTCHHfI, B T. 4. 1 COPHAKOB, 3arOTOBJICHHBLIX B Ha4YaJIC BEICTALIMOHHOT'O
neproza, OyyT OKa3bIBaTh CTUMYIAPYIOMINH 3(h(PEKT Ha POCTOBBIE TIPOIIECCHI.

(-DI/ITOI‘OpMOHOHaJ'II)HaSI AKTUBHOCTDH B PACTCHUAX 3HAUYUTCIIbHO MCHACTCA B TC-
yeHne 24-4acoBOTrO IMKIIA THS U HOYHU B PE3yJbTaTe PEryisaluy MeTabon3Ma up-
KamHbIMHU gacamu [63, 104]. [TukoBsie 3HAYCHUS OTMEUYAHICH B Pa3HOE BPEMsI CYTOK
B 3aBHCHUMOCTH OT BHJa PACTCHUI, UX OpraHoB u TKaHei [64, 109, 120, 121, 125].
[Ipu ncnonp30BaHUN PACTUTEIHHOTO CHIPhS IS MONYYEeHUST ONOCTHMYIISTOPOB He-
00XOIMMO YYUTBIBaTh CYTOYHBIC PUTMBI (DYHKIIMOHATBHOW aKTUBHOCTH PacTCHUH,
Y4TOOBI TapaHTUPOBaTh MAaKCHMaJbHOE MpeodialaHue CTUMYIHpYOIEero 3dexra
IKCTpaKTa Haj MHrHOupyromuM. [Ipu pazpaboTke 1 ONTHUMU3AIHMN CITIOCOOOB TONY-
YeHHS MPENapaToB U3 PaCTUTEIHHOIO ChIPhS PAIIMOHAIBHO HCIIOJB30BaTh METOJIBI
OMOTECTOB, PU KOTOPBIX OMPEAEIAIOT aKTHBHOCTh CTUMYJIAITOPOB M WHTHOHUTOPOB
pocrta B pactenusix [10, 16]. DhdeKTHBHOCTD paCTHTEILHBIX IPENapaToB ONpees-
€TCsl KOMIUIEKCHBIM BO3/ICHCTBUEM COJEPIKAIINKCSA B HUX OMOJIOTUYECKH aKTHBHBIX
coenuaeHni. [Ipy moMoIy MeTog0B OMOTECTOB ObLTA BBIABICHA CyTOUHAS TUHAMU-
Ka aKTHBHOCTH (DUTOTOPMOHOB B PACTYIIUX JHCThAX Salix caprea L. B ycrnoBusix
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tokHOM Kapesnun B mae u B utone [6]. MakcumanbHas ['K-mogoOHas akTHBHOCTE PU
muHuUManbHOM ABK-momoOHoi aktuBHOCTH Habmromanack B yrpennee (8.00) u Be-
gepree (20.00) Bpems. JlaHHBIE 2KCTPAKTHI OKA3bIBAIA HAMOOJBIIIEE TIOJIOKUTEIIEHOS
JICHCTBYE HA IMMOCEBHBIC KAYECTBA CEMSIH COCHBI OOBIKHOBeHHOI I] Kitacca kauecTsa,
UX 3HEPrus MpopacTaHus NoBbimanack ¢ 68 % (B koHTpose) 10 83 %, abcomoTHas
BcxoxkecTh — ¢ 70 1o 88 %, TexHuueckas — ¢ 68 g0 85 % [36].

[TomyueHne SKCTPAKTOB M3 JIPEBECHOM 3EJICHU SIBIISIETCS HECIIOKHBIM TEXHO-
JIOTUYECKUM TIporieccoM. [IepBeIM TIpOayKTOM, 00Pa3yIOMMUMCS TIPH KOMIIJICKCHOM
nepepaboTKe BTOPUYHOTO ChIPhsI IPEBECHBIX TOPOJ, MOKET OBITh IKCTPAKT BOJOpa-
CTBOPUMBIX BemiecTB. Crioco0 aMyIbCHOHHOM NIepepadOTKH PACTUTEIEHOTO CHIPHS C
HCIIOJIb30BAHUEM B Kau€CTBE IKCTPATCHTOB BOIHBIX PaCTBOPOB OCHOBAHHM OTIHYA-
€TCs IKOJIOTUIECKON 0€30I1IaCHOCTHIO M TI03BOIISIET A(h(hEKTUBHO M3BJIEKATH MPHUPOJI-
HbIC HU3KOMOJIEKYJISIPHBIC COSTUHEHUS U3 JPEBECHON 3€JICHU XBOWHBIX mMOpox [59].
[Ipu pa3paboTke TEXHOIOTUH MPUTOTOBICHUS OMOCTUMYJISTOPOB M3 JIPEBECHOM 3e-
JICHW PalMOHAIBFHO YYUTHIBATH 3aKOHOMEPHOCTH AJUIEIIOXUMHUIECKOTO BO3IECHCTBUS
BOJIHBIX 3KCTPAKTOB IpU UX npumenenuu [94, 102, 110, 114, 116, 118, 130]. Beioop
PETYIASATOPOB POCTA JIJIsi KOHKPETHBIX IIeJIeH MPU COBEPIICHCTBOBAHUH TEXHOJIOTHI
BBIpAIIMBAHUS TTOCAOYHOTO MaTepuaia 0a3upyercs Ha IKCTIEPUMEHTATbHBIX UCCIIe-
JIOBAaHUAX C YYETOM BHJA PACTCHUN, SJKOHOMUYECKOH 11e71eCO00pa3HOCTH, IKOJIOTHH,
KJIUMAaTa U CHIPhEBBIX PECYPCOB PErHOHA.

Raxnrouenue

AHanu3 IMTEepaTypHBIX TaHHBIX IIOKA3aJl, YTO IPUMEHEHHUE PETrYIIITOPOB POCTA
pacTeHUM, MMOJyUYCHHBIX CHHTETUYCCKUM MyTeM Ha 0a3e pa3jiMyHbIX UCTOYHHUKOB, a
TaKke OMOCTUMYJISITOPOB HA OCHOBE €CTECTBEHHOTO CHIPbs (KHCIOTHBIE, MUKPOOHO-
JIOTUYECKUE U SKCTPAKTHI PACTCHUH ) ABIAETCS dPPEKTUBHBIM CTIOCOOOM YITYUIICHUS
BCXOKECTH CEMSIH U pOCTa CESHIEB JAPEBECHBIX NMOPOJI B JIECHBIX TUTOMHUKAX.

B mepedyenp apPeKTHBHBIX MpermaparoB s 00pabOTKH CeMsSH XBOMHBIX IT0-
pon BKITFOUEHBI: st cocHBI — Arar-25K, Bapsa-enb, Kpezammn, HoBocun, Obeper,
Pubags-Oxctpa (Llupkon, Dxorenb, DkonuH, IMUCTHM-C, DUH-DKCTPA); IS SITU —
I'erepoaykcun, ['ymat, Oxorens. [Ipu cTUMynSIuMN pocTa CEsTHIIEB PEKOMEHTYIOTCS K
WCIOJIh30BAHUIO KaK CUHTETUYECKHUE IMPEeraparhl, TAaK U OMOCTUMYIISTOPBI, a TAKKe
WX KOMIUIEKCHOE NpuMeHeHue. [IpencTaBiieHsl TUITs eqMHAYHBIE CBEIEHUS T10 I10-
BBIIIIEHUIO XOJIOJJOYCTOMYMBOCTH CESHIEB XBOWHBIX C TIOMOIIBIO aOCIIM30BOM KHC-
JIOTHI ¥ €€ CHHTETUYECKHX aHaIoToB. J1JIs 321U Thl OT MH(EKITMOHHBIX 3a00IeBaHUI
CEeSHIIEB XOPOIIIO 3aPEKOMEHIOBAIIN ce0sl Mperaparsl Ha OCHOBE IPEBECHOM 3€JIeHH
XBOWHBIX MOPOJ. B HesX ynydlieHus NpUKUBaeMOCTH CESIHIICB XBOMHBIX TP BbI-
caJKke Ha JIECOKYJIBTYpHBIC TUTOIaan npemraratores [upkon, OmuH, Kpezanwn, [e-
TEpOAyKCHH, Pa3BUTHs KOPHEBOM CHCTEMBI — IKCTPAKTHI MOPCKHX BOIOPOCIIEH.

Oco0oro BHUMaHHS 3aCITy’)KHBalOT TEPCIEKTHBHBIE Iperaparbl Ha OCHOBE
IKCTPAKTOB M3 PACTUTEIBHOTO CBHIPHSI, KOTOPHIC OTIIMYAIOTCS BHICOKOH (DH3HOJIOTH-
YEeCKOW aKTHBHOCTBIO, HU3KMMH TOKCHYHOCTBIO M CEOECTOMMOCTBIO, a TaKXKe J0-
ctynmHOCThIO. [lomydeHne 3KCTpakTOB M3 PACTHTENHHOTO MaTepuana He SBISEeTCS
CJIO)KHBIM TEXHOJOIMYECKHUM IPOLIECCOM. 3aroTOBKa CBIPhSl C YUETOM CYTOYHOW M
CE30HHOU AMHAMHUKH COJICPKAHHS OMOJOTHYECKH aKTUBHBIX BEIIECTB B OpraHax H
TKaHSX PACTCHHUS TIO3BOJUT CYIIECTBEHHO MOBBICUTH 3()(HEKTHBHOCTH MPENapaToB.
[Toka3aHa BBICOKas MTOJIE3HOCTh SKCTPAKTA U3 JIMCTHEB MBHI, 3aTOTOBJIICHHBIX C y4e-
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TOM BPEMEHHOM COCTABIISIIOLIEH, JIJIsl IOBBILLICHUS TOCEBHBIX KauecTB cemsiH. Llene-
CO00pa3HO HapsIy C MCIIBITAHUEM B JIECHBIX TUTOMHHUKAX M3BECTHBIX OHOCTUMYJIS-
TOPOB paszpadarbiBaTh HOBBIC MPUPOIAHBIC OHOJOTHYECKH aKTUBHBIC TperapaTsl Ha
OCHOBE DKCTPAKTUBHBIX BELIECTB JJIsl PALlMOHAIBHOIO M SYKOHOMHOIO HMCITOJIb30Ba-
HUS JIECHBIX M MOPCKHX OMOpecypcoB, KOTopeiMu Oorara Poccusi.
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Annomayusa. J{ns co3naHus MBOBBIX HacaxaeHUH B HOopHUIbCKOM MpPOMBINIIEHHOM paifoHe
HEOOX0IMMO MPUMEHSTh MTOCAI0YHBII MaTepHa U3 Hauboiee yCTOWIUBBIX K TEXHOTEHHOMY
BO3JICHCTBHIO MECTHBIX BUIOB UB (Salix lanata L., S. hastata L. u S. viminalis L.), uctionb3yst
cnoco0 yepeHKkoBaHus. [lonyuyeHre HaWTy4IIMX Pe3yJbTaTOB YKOPEHEHHs YEPEHKOB B OT-
KPBITOM U 3aKPBITOM I'PYHTaX B yCI0BUAX HOPMIIBCKOTO MPOMBIIIJIEHHOTO paiioHa BO3MOXKHO
MIpU COOMIONECHUH ONTUMAIIBHBIX CPOKOB MX CPE3aHusl, KOTOPbIC TOJDKHBI COBIANATh C MEpH-
0JIOM TOTOBHOCTH IT00ETOB MAaTEpHUHCKOTO PACTCHUsSI K 00pa30BaHUIO KOPHEH, a TaKKe MpH
CO3/IaHUM ONPE/ICICHHBIX YCIOBHH /I BBIpAIMBAHKS paCTEHUH (TeMIepaTypHO-BIaXKHOCT-
HBI M OCBETHTCIBHBIN PEKUMBI, HAJHMYUC MUTATCIBLHON IPYHTOCMECH, 00paboTKa YepeH-
KOB TIpernaparoM KopHeoOpa3oBaHHs). PaccMOTpeHbI U onpe/eNieHbl CPOKH YEPEHKOBAHHMS C
YYETOM METeO0yClIOBHH, (heHo(a3 pa3BUTHSI MATEPUHCKUX PACTCHUH W BIMSHUS IEPEUUCIICH-
HBIX ()aKTOPOB Ha Mpolecc yKopeHeHHs. ONTUMAaIbHBIMU CPOKAMHU MOXKHO CYMTATh MTEPUOJIBI
HauyMHAsg ¢ MOMEHTA HaOyXaHHs MOYEK M 3aKaHYMBAs BCTYIUIGHHEM MAaTOYHBIX pacTEHUIl B
¢a3y aktuBHOro pocrta (¢ I mekansl uroHs mo | Aekamy uions). 3aroToBKa YSPCHKOB BHIOB
pona Salix B 3TO BpeMsi cIIOCOOCTBOBAJIA YCIICITHOCTH UX YKOPSHEHHMSI M MPHKUBAEMOCTH.
Beicokue pesynbrarhl yKOpeHeHHs B 000X THIaxX TpyHTa 3adukcupoBansl B 2023 1. y BU-
noB S. viminalis L. (51-87 %) u S. hastata L. (48-82 %) B mepuo Havajga pocTa JHCTHCB
1 UHTEHCHUBHOTO Pa3BUTHsI PACTEHUI; HEMHOTO HIDKE, IIPU TeX JK€ YCIIOBHSIX, MOKA3aTeNN y
S. lanata L. (41-74 %). BaxxHO TOMYCPKHYTh, YTO JJIs M3y4acMbIX BHJIOB UB B XOIC HC-
Clie/IoBaHMsI He OBbLIO BBISIBJICHO CYNIECTBEHHBIX PA3IMYHMi MPOIECca YKOPSHEHHUST YEPEHKOB.
AHanu3 pe3ysbTaToB YKOPEHIEMOCTH YePEHKOB Pa3IMYHBIX BUOB UBBI O3BOJIAET MPUUTH K
BBIBOJIY O L1€JIECO00Pa3HOCTH UX JTAJIbHEHIIIETO UCIIOIb30BaHUS B KAYECTBE MOCAI0YHOTO Ma-
Tepualia B JaHHOW NpUpoHOii 30He. [lonyyeHHbIe CBeIeHHS] MOTYT MOCTYKUTh OCHOBOM /115
pa3paboTKN TEXHOJIOTHH BBIPAIINBAHMUS YEPEHKOBBIX CA)KEHIIEB HBbI B ADKTHYECKUX YCIIOBHU-
SIX ¥ IIPUMEHEHBI [TPU TUIAHUPOBAHUH PEKYJIBTUBALUH U 03€JICHEHHS TOPOJICKUX OOBEKTOB B
HopunbckoM IpOMBILIUIEHHOM pailoHe.

Knroueswvie cnosa: apkTudeckue yCIOBUs, UBbI, 3aKPBIThINA U OTKPBITHIN IPYHT, CPOKHU YepEH-
KOBaHUS, TEXHOTCHHO-HAPYILIEHHbIE 3€MJIH, YKOPEHEHHE uepeHKOB, HOpUIbCKUi MpOMBIII-
JICHHBIH palioH
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Abstract. To create willow plantations in the Norilsk Industrial District, it is necessary to use
planting material from the most resistant to man-made impact local willow species (Salix la-
nata L., S. hastata L. and S. viminalis L.) using the cuttings method. Obtaining the best results
of rooting cuttings in the open and covered ground in the conditions of the Norilsk Industrial
District is possible if the optimal timing of their cutting is observed, which should coincide
with the period of readiness of the shoots of the maternal plant to form roots, as well as when
certain conditions are created for growing plants (temperature-humidity and lighting condi-
tions, the presence of a nutrient soil mixture, treatment of cuttings with a rooting preparation).
The timing of cuttings propagation is considered and determined taking into account weather
conditions, phenophases of development of maternal plants and the influence of the listed
factors on the rooting process. The optimal timing can be considered to be the periods starting
from the moment of bud swelling and ending with the entry of maternal plants into the active
growth phase (from the first 10 days of June till the first 10 days of July). Harvesting cuttings
of species of the genus Salix at this time has contributed to the success of their rooting and
survival. High rooting results in both types of ground have been recorded in 2023 for the spe-
cies S. viminalis L. (51-87 %) and S. hastata L. (48—82 %) during the period of the beginning
of leaf growth and intensive plant development; slightly lower, under the same conditions,
have been the indicators for S. lanata L. (41-74 %). It is important to emphasize that for
the studied willow species, no significant differences in the rooting process of cuttings have
been identified. Analysis of the results of the rooting of cuttings of various willow species allows
us to conclude that it is advisable to further use them as planting material in this natural area.
The data obtained can serve as a basis for the development of a technology for growing wil-
low cuttings in arctic conditions and be applied in the planning of reclamation and landscap-
ing of urban facilities in the Norilsk Industrial District.

Keywords: arctic conditions, willows, open and covered ground, cuttings propagation timing,
technogenically disturbed lands, rooting of cuttings, the Norilsk Industrial District
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Beeoenue

Jns Hopunbsckoro mpomsinuieHHoro paiiona (HIIP) akryamsHO#H mpobme-
MO OocTaeTcs BOCCTaHOBJIEHHE 3eMeNb U PACTUTENBHOTO TTOKPOBA, TOBPEKICHHBIX
BCJICACTBUE HETATHBHOIO BO3ACHCTBHSA HMHTCHCHBHOW NPOMBIIIJICHHOW JAEsATElNb-
HocTH [26, 30]. OnuH n3 3h()EKTUBHBIX CITOCOOOB pEIICHUS JAaHHOW MPOOIeMBI —
CO3[aHHE JIPEBECHBIX HACAKACHUH M3 MECTHBIX OBICTPOPACTYLIMX PACTUTEIBHBIX
pecypcoB — BUAOB pona Salix, CHOCOOHBIX BBIIEPKUBATH CYPOBBIE KIIMMATHYECKUE
YCIJIOBUS, YCTONUMBBIX K aHTPOTIOT€HHBIM Harpy3kaM U CTPEMHUTEIBHO «peaHUMUPY-
IOLLKX» HAapylLIeHHbIe TeppuTopui [1, 4, 14—17, 35]. HakomieH 3HaUUTEIbHBIN ONBIT
WCIIOJIb30BaHUSI B B 00JIaCTH OMOPEKYIBTUBAIIMM TEXHOTCHHBIX NaHmmadToB [6,
12-17, 21-24, 31]. YepeHkoBaHUE — IEPCIEKTUBHBIN METO/] ITOyUYEHHS MTOCAT0UHO-
ro Marepuana JIpeBEeCHBIX PACTCHUH, KOTOPBI NMPUMEHSETCS B PA3JIMUHBIX IIOUBEH-
HO-KIMMaThyeckux ycnoBusx Poccun [8, 10, 18, 19, 26, 34]. MccnenoBanus Takoro
croco0a pa3sMHOXKEHUS PACTCHUH ITOKa3aJi, 4TO IIOMCK ONTUMAJILHOTO CPOKA YePEeH-
KOBAHHS TAKKE SIBIISETCS KIIFOYEBBIM aCIEKTOM IS YCIIEITHOCTH YKOPEHEHUS U MPH-
JKUBAEMOCTH pacTeHHi. JlaHHBIN epro 3aBUCUT OT aHATOMHYECKUX U MOP(OIIOTH-
YEeCKUX O0COOCHHOCTEH BHUJIOB B pa3iuuHble (a3bl POCTA U Pa3BUTHsI MaT€PUHCKUX
pacTeHuid, KOTOPbIE XapaKTePHU3YIOTCsl YHUKAIBHBIM COJCpKaHHEM (UTOTOPMOHOB,
BIMSIOUIMX Ha (PU3MOJIOrMYECKUE MPOLECChl, BKIIIOYAsi TOTOBHOCTh CTEONEBBIX ye-
pEeHKOB K yKopeHeHuto [32]. braronapst npaBuiibHO TO100paHHBIM CPOKAM YEPEHKO-
BaHMS MOYKHO YCKOPEHHO MOJIYYUTh B OOJIBILIOM KOJINYECTBE YEPEHKOBBIEC Ca’KEHIIBI,
WICHTUYIHBIE MATEPUHCKAM PACTEHHSIM.

Iens naHHOTO MCCIEn0BaHMsI — ONPEIEIeHNE BIUSAHNS CPOKOB YEPEHKOBAHUS
B 3aBUCUMOCTH OT (peHO(]a3 MaTOYHOTO PACTEHUS HA YKOPEHEHUE YCPEHKOB UBBI.

Obwvexmul 1 Memoowvl UCCLe008AHUS

HccnenoBanue nposoguioch ¢ 25 mas nmo 5 cenrsops 2022-2023 rr. B yc-
JIOBUSAX OTKPBITOTO U 3aKphIToro TpyHTOB HIIP. OOBEKT MCCemoBaHUs — YePEHKH
MECTHBIX BUAOB pona Salix. YepeHKoBbI Marepuan cobupasucs B muTomMHuKe Ha-
YYHO-HCCIEIOBATENBCKOTO MHCTUTYTA CEITBCKOTO XO3AWCTBA W DKOJIOTHH APKTHKH
Cubupckoro otnenenus PAH (r. Hopuibcek), uro oOecrieunBaio BHICOKYIO CTEIICHb
aJIanTaly CaKEHIEB K MECTHBIM MMOYBEHHO-THUIPOIIOTHIECKUM ycIoBHsiM. [Ipume-
HSUJTHCH OOIIETIPUHSTEHIE B JIECHOM X03stiicTBe Metonuku [8, 10, 21]. Craructudeckas
o0pabotka maHHBIX [11] BBEINONHSAJIACH C MOMOIIBIO KOMITBFOTEPHON MPOrpaMMBI
Excel. Jlns1 olleHKM JOCTOBEPHOCTH PE3YIBTaTOB PACCUUTHIBAIICS KOA(DPHUITHCHT M3-
MEHYHMBOCTH U 3Ha4YeHue Kputepus CThIOICHTA, MPUMEHIEMbIE B MHOTO(aKTOPHBIX
OTIBITAX.

3aroToBKY 4YEpEHKOB OCYIIECTBIISIIN C MPSAMBIX, HEIIOBPEKCHHBIX YacTel Mo-
0eroB MaTOYHBIX PACTEHUH CIIEAYIONUX BHIOB MB: UBHI IiepcTucToi (S. lanata L.),
WBBI KOTILEBUTHOH (S. hastata L.) m uBwI mpyTOBUIHOM (S. viminalis L.), — ycToluun-
BBIX K TEXHOTEHHOMY BO3/ieHcTBUIO [7]. [Ipy TOM y4HTBIBATUCH Pe3yabTaThl ()eHO-
JIOTHYECKUX HAOMIOACHUH 3a UX POCTOM M pa3BuTueM [5, 20,27, 29]. UepenkoBaHHe
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OCYIIECTBIISIN B pa3iudHbie PeHOo(pa3bl pa3BUTHI MATOUHBIX PACTCHUN: HA0yXaHHE
nouek (II-1I1 nexana mas), Hadano pocta nuctheB (I mekana uoHS), MaccoBoe pac-
myckanue nmuctheB (II-111 mexams! WroHS), HHTEHCUBHBIA pocT pacteruit (I-1I me-
KaJIbl UI0JIs1), TIOsIBIICHHE oceHHel packpacku (11 nexana aBrycra) [28]. McnbiTanus
OTOOpaHHBIX BHUJIOB MPOBOAMIINCH B 5 BapHaHTaX, KK U3 KOTOPBIX BKIIFOYAIT
3 moBtropHocTH 110 30 mT. YepeHKH 3aroTaBIuBaIM IIUHON 45 CM U AUAMETPOM
He MeHee 6 MM, ¢ 2-3 BereTaTUBHBIMM IoukaMH. Cpeska nposojwiack B 1-i mo-
JIOBUHE JIHSI, IPU 3TOM HWKHUM Cpe3 BBIMOJIHSAJICA HAKJIOHHO IOJ] CAMOM MOYKOH,
MIOCKOJIBKY UMEHHO B 3TOM MECTE CKAIUIMBAIOTCSI MUTATEIbHBIC BEIIECTBA U aK-
TUBHO (OPMHUPYETCS KAJUIIOC, YTO B JaTbHEHIIEM CIOCOOCTBYET MHTCHCHBHOMY
pasButuio Kopuei (puc. 1). Ilocnme cpe3ku 4epeHKOBBIM MaTepuan MoABEpraics
00paboTKe CTUMYIISITOPOM pocTa [ eTepoayKCHHOM B COOTBETCTBUU C MHCTPYKIIHEH
[9]. Uepenku momenianu Ha 24 4 B pacTBOp CTUMYJIATOpa Ha IIyOHHY 3—5 cM, B
CIIEIUATIBLHO TIOJrOTOBJICHHbBIC INIACTUKOBBIC eMKOCTH. Temmneparypa pabodero pac-
TBOpa cocrarmsura 20 °C.

Puc. 1. 3aroroBka n 06pa60TKa YCPCHKOBOI'0 MaTcpurajia AJis 3aKJIaJKU ONIBITOB

Fig. 1. Harvesting and treating the cuttings for the experiments

O0paboTaHHBIE YEPEHKH BHICA)KHBAIUCH BEPTHKAIBHO B BETETATUBHBIE EMKO-
CTH, BMECTUMOCTBIO 0,5 J1 B CHEHHATIBHYIO MUTATEIbHYI0 IPYHTOCMECH Ha OCHOBE
OpraHOMHUHEPAIBHBIX PECYpPCOB, IIUPOKO PACIPOCTPAHEHHBIX Ha Tepputopun HITP
[31]. I'myObuna mocanku coctaBisa 1/3 niauHBI 4epeHKa ¢ 00s3aTeNbHBIM YCIOBUEM
OCTaBJICHUSI HE MEHee 2 MOYeK HaJl MOBEPXHOCThIO rpyHTOoCcMecH. [locne mocanku
YepeHKN OOMIIHLHO YBIIAXHSIIN, COONFOAAst ONPENeIIeHHBINA rpauK U HOPMY TTOJTUBA.
3a 00paboOTKOH CTUMYJISITOPOM POCTa ClieoBasia BbICajika MaTephalia B OTKPBITHIH
TPYHT, B TyHKH Ha pacctosanu 0,3x0,3 M Apyr OT Apyra, MOCIIe Yero YePeHKH TaKkKe
00mTEHO TToNMBai. CHCTEMAaTHUICCKH BEJTH HAOTIONCHUS 3a MPOIIECCOM YKOPECHEHHS.
OcMoTp pacTeHuii mpoBoawian Ha 3, 5, 7, 10, 15-i tHU mocTe mocaaku, TaKKe CIAeIu-
JIM 32 Pa3BUTHEM KOPHEH M pacyCKaHHEM POCTOBBIX MOYEK, UYTO SBISIIOCH BAYKHBIM
IIPU3HAKOM JIaJIbHENIIEH IPUKUBAEMOCTH CaKEHIIEB.

HIIP naxonutcs B apKTHUECKOH 30HE C CyOapKTHUECKUM KJIMMAToM, Xapak-
TEPU3YIOLIUMCS PE3KMMH KOHTHUHEHTAIbHBIMH YCIOBUSIMH. 3MMa CypoBast U J0JIrasi,
CHEXKHBIM IMOKPOB YCTONYMBEIM, JIETO OTHOCHTEIBHO KOPOTKOE U mpoxianaHoe. [le-
pEXOAHbBIE CE30HBI, OCEHh W OCOOEHHO BECHA, OUYeHb HENpomonKHTebHBIE. Cpe-
HEro/I0Bas TeMIlepaTypa Bo3ayxa paBHa —9,6 °C, B urone Bapeupyet oT 8 g0 15 °C,
nocturas 35 °C, B auBape — oT —29 10 —34 °C, ¢ MUHUMAaJIbHBIM 3HaueHueM ——53 °C.
T'omoBoe kommuecTBO 0caakoB cocraiser okosno 400 mM. CHeroman HaYMHAETCS C
KOHIIA CEHTSIOps, & CHEXHBIH MOKPOB CXOIUT B MOCJCIHUX YMCIAX Mas — Hayaje
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WIOHS, BCKPBITHE PEK HAOIIONACTCs B TO e BpeMsl. BeTpsl B 3uMHMI 1eproj] B Oc-
HOBHOM IOTO-BOCTOYHBIE M BOCTOYHBIC, & B JICTHUH — CEBEpO-3aagHble U I0ro-BOC-
TOYHBIE, CPEIHAS CKOPOCTh — 5,0 M/c, aOCONMIOTHBI MaKCUMyM MOXKET JTOCTUTATh
~40 m/c [25]. Ce3onHast TUHaMUKa MeTe0(hakTOPOB BEreTallMOHHOTO nepuoa 2022—
2023 rT. Ha OCcHOBe [2] mpencTaBneHa B Tadm. 1 u 2.

Tab6uuma 1

Temmneparypa Bo31yXa U KOJIMYeCTBO OCA/IKOB 32 BereTalMOHHbIA nepuon 2022-2023 rr.
The air temperature and amount of precipitation for the growing season 2022-2023

IToxasarenn Mecsig
Maii Wionp Wionb Apryct | CeHTsa0pb
Temneparypa Bo3ayxa, °C: 1.8 13,5 15.6 1.6 2.7
cpennsis pakrrueckas 3a 2022 1.
cpenusisa paxktrueckas 3a 2023 T -2,0 8,5 15,6 15,5 5.4
cpenaemuoronetHsst (2001-2021 rT.) -2,6 9,7 14,9 11,5 5,03

KoandgecTBo ocamkoB, MM:
(haktuueckoe 3a 2022 1. 1.4 16,0 7.1 103.1 116,6

(haxtiaeckoe 3a 2023 . 74,4 78,6 99,4 25,8 102,5

CpeJHEMHOroJIeTHee (haKTHIEeCKoe
(2001-2021 rr.) 36,1 423 51,2 62,8 45,3

Tabnuma 2

KonnuecTBo qHeli U BeTpa BeretaninoHHoOro nepuona 2022-2023 rr.
The number of days and winds of the growing season 2022-2023

Moxasarers 2022 | 2023 Cpeice
(bakTugeckoe)
KonnuecTtBo aHell BereTallnOHHOro Nepuoaa 119 115 103
[IpeoGnanaronmue BeTpsl B BereTanmoHHbIi iepuox | 3; C3 | C3; IOB C3; IOB

AHanu3 NOroJHBIX yCIOBUH B BereTaniMoHHble nepuoabsl 2022—2023 rT. BbIs-
BWJI 3HAYUTEIILHBIE OTKJIIOHEHHUS TeMITepaTrypsl Bo3ayxa B 2022 1., Korja BecHa Obliia
paHHsIs, @ OCEHb OKa3ajach XOJOAHOM, pacnpeaesieHHe 0CaJIKOB B TEUEHHE JieTa Xa-
paKTepr30BaNOCh Kak HEpaBHOMEPHOE: B HaYaJIe BETETAIlNA OTMEYAJICsl HEIOCTATOK
BJaru, a B KoHIle — n30bITOK. B 2023 1. morogHble yCIOBUS OIaronpusTCTBOBAIH
YKOPEHEHHUIO YEPEHKOB, OJJHAKO B MEPBBIE JHHU BET€TALIMOHHOIO IIEPHOAA YCTAaHOBU-
Jach MpOXJIaHas v BIakHas oroja. [lo3xe Temmeparypa Bo3ayxa COOTBETCTBOBAJA
CpPEIHUM MHOTOJIETHUM MOKA3aTeNsIM, a KOJIMYECTBO OCA/IKOB MPEBBILIANIO CPETHIO0
MHOTOJIETHIOIO HOpMY Oostee 4eM B 1,5 pa3a. HecmoTpst Ha ux oOwmime, HU3Kas TEM-
neparypa B MIOHE 3aMe/IiIiiia HacTyIuieHue (asbl pocta pacteHuil. Takum obpaszom,
coOpaHHbBIE MeTeoponorndeckue naHuble st 20222023 TT. moATBEpkKAaloT 0CO-
6ennoctu knumara HIIP ¢ HepaBHOMEpHBIM pacmpeneieHneM OCaIKOB M PE3KUMHU
KOJIeOaHUSAMH TeMIIepaTypbl BO3/LyXa, KOTOPbIE OKa3bIBAIOT CYIIECTBEHHOE BIUSHHE
Ha M3y4aeMble 00BEKTHI, TPEXkKAE BCETO Ha UX YKOPEHIEMOCTh, a TAK)KE TATbHEUTITHHA
POCT U pa3BUTHE CAXKEHIIEB.

Pezynomamor uccnedosanust u ux oocyxncoenie

Pe3ynbraTsl yKOpeHEHNST YePEHKOB MCCIIEAYEMBIX BUIOB MBBI B YCIOBHAX 3a-
KpBITOTO U OTKphITOoro rpyntoB HIIP npuBenens: B Tadm. 3.
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KpPBITOM TpyHTE U 87 % B 3aKpBITOM TPyHTE 32 BpeMsI HCCIIeIOBAHNS. YCTaHOBIIECHBI
aHaJIOTHYHBIE 3aKOHOMEPHOCTH Mpoliecca YKopeHeHus y S. lanata L. B cpaBHEHUH ¢
IByMsI Apyrumu Buzamu. Hawnyumme pe3yabsrarsl i1 Hee ObUIN IT0IyYIeHbl B Ha4aje
pocTa JIMCThEB U MHTEHCUBHOTO Pa3BUTHs pacTeHui — 83 % B 3aKpbITOM IpyHTE U
41 % B otkpsIiToM IpyHTEe B 2023 T. IIpHBEneHHBIE TTOKA3aTENN MOTYT CBHIETEINb-
CTBOBATH O MPHUCIIOCOOIEHHOCTH JJAHHBIX BHIOB UBBI K Pa3MHOKEHHIO YEPEHKAMHU B
APKTUYECKUX YCIOBHUSX.

Ha 2-m romy nccnenoBanusi 3adMKCHpOBaHa BHICOKAsl CTEMEHb YKOPEHEHUS
YEPEHKOB, 3arOTOBJICHHBIX Ha MPOTSDKEHUU BCEX (EHONOTHMUECKUX CTaauil pa3BH-
THSI MAaTOYHBIX PACTCHUH, 38 HCKIIIOYEHUEM OCEHHEH pacKkpacku JucTheB. OCEHBIO y
OONBIIMHCTBA PACTCHUN 3aMeIIISIETCS] aKTHBHBIN POCT MOOETOB, YTO MPUBOIUT K CHH-
JKEHHIO TTPOLIEHTA YCIEITHOTO YKOpeHeHHus 4epeHKoB [14]. Taxxke ObUTH TIOTYYEeHBI
MOJIOKUTEIbHBIE PE3ybTaThl YKOPEHEHHS [T0CAI0YHOTO MaTeprasa BBl B YCIOBUSIX
OTKPBITOTO IPYHTA 3TOTO TOJIa, YTO BEPOSTHO CBSI3aHO C OJIarONpUSITHBIMU TIOTOJHbI-
MH YCIOBHSAMH. YPOBeHb yKopeHeHus mocturan 20 % 1mo cpaBHEHHIO C MPEnbIay-
[IMM TOIOM HCCIIEJOBAHMSI, YTO CBSI3aHO C M3MEHEHHMSMHU a0MOTHYECKHX (PaKTOpOB
Cpeabl, B YaCTHOCTH, PEKUMa BJIAKHOCTH IIOYBbI B IEPUOA NPHKUBAEMOCTH pacTe-
Huit B ycnosuax HIIP. Kpome Toro, Obls10 0TMEUEHO 3HAUYUTENBbHOE MPENMYIIECTBO
B pe3yJbTaTax YKOPEHEHHUs B 3aKPBITOM I'PYHTE 110 CPABHEHHUIO C OTKPBITBIM, TOCTH-
ratoriee okoso 40 %. IlomydenHbie JaHHBIE MO)KHO OOBSICHUTH TIPEXK/IE BCETO YCIIO-
BUSIMH BBIpalMBaHUs (MHUKPOKIMMATOM): BJIaKHOCTh BO3/lyXa B TEUCHHE IIpoliecca
YKOPEHSIEMOCTH oA iepKnBaiack Ha ypoBHe 70—85 %, a Temneparypa Bo3ayxa — B
npenenax 20-25 °C.

YepeHKH BCeX UCCIIEAYEMBIX BUIOB UB IPOAESMOHCTPHUPOBAIIN BBICOKYIO CIO-
COOHOCTh K YKOPEHEHHIO B 3aKPBITOM TPYHTE Ha MPOTSHKEHUU MOYTH BCETO ITUKIA
Pa3BUTHSI MAaTOYHBIX PACTEHHH 1 OBICTPO (OPMHUPOBATH KOPHU MIPU COOIIONEHUH OII-
TUMAaJIBHBIX YCIIOBH BEIpANIMBaHUsA (pHUC. 2).

Puc. 2. Kopneobpa3oBaHne 4epeHKOB HBBI B 3aKPHITOM IPYHTE

Fig. 2. The rooting of willow cuttings in closed ground

Raxnrouenue

B xozme paboThl yCcTaHOBJICHO BIMSHHE CPOKOB YEPEHKOBAHHS Ha YCIICIITHOE
YKOpEHEHHE YepeHKOB BUIOB poxa Salix: S. lanata L., S. hastata L. u S. viminalis L.
B ycnoBusix HopuiibCKOro mpoMBIIUIEHHOTO pailoHa ONTHMaJIbHBIMH CPOKaMH ye-
PEHKOBaHUSI, TIPH KOTOPBIX IMPOUCXOANT ObICTpoe (hOPMUPOBAHHE KOPHEBOU CHCTe-
Mbl 1M yCHCUIHAsA MPUIKHUBACMOCTb CAXKCHIICB HBbI, SABJISAIOTCA NEPUOAbL Ha6yxaHI/I$I
MOYEK B CIIydae BBIPAIIMBAHUS IMMOCAIOYHOTO MarepHajia B YCIOBHAX 3aKPBITOTO
IPyHTa, Hayajla poCcTa JUCThEB U MHTEHCUBHOIO Pa3BUTHUs MATOYHBIX PACTEHHUH B
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OTKPBITOM M 3aKpBITOM TpyHTax. IIpn 3TOM Ba)XKHO YYHTHIBaTh MOTO/IHBIE yCIOBHS,
MOCKOJIBKY OHHM MOTYT CYIIIECTBEHHO BO3/I€HCTBOBATh Ha MPOLECC YKOpeHeHusl. [l
JOCTHDKEHMSI HAWITYUIIIero pe3ysipTara HeoOXOAUMO TakkKe IPUHUMAJINCh BO BHUMA-
HUE OMOJIOTHUECKHE OCOOCHHOCTH BHJIA, HAMIIyYIllee COOTHOIICHHE a0HOTHYECKUX
(axTOpOB U YCIIOBUS BbIPAIMBAHMS.
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Annomayus. VI3ydeH TIUTMEHTHBIM COCTaB JIMCTOBOTO ammapara OWOTBHI BOCTOYHOU
(Platycladus orientalis (L.) Franco) npu unTpoayKnu Ha Tepputopuio Poccuiickoit Pene-
paunu (Hmxeropoackas obnacts) n Pecriyonukn Kazaxcran (AnMarnHekast 001acTh). AKTY-
AIBHOCTH PA0OTHI 00YyCIIOBIICHA TOTPEOHOCTHIO B COBEPIICHCTBOBAHNH aCCOPTUMEHTA TOPOI-
CKHUX 3€JICHBIX HacaxJeHui. brora BocTouHas BecbMa BOCTpeOOBaHA B TAHHOM KOHTEKCTE.
OOBEKTOM HCCIIEIOBAHMS CIY)KWJIN €€ OJHOBO3pAcTHBIE OCOOM CEMEHHOTO IPOMCXOXKIIe-
HUSI, BBICA)KCHHBIC HA y4acTKax ¢ koopanHaramu 56°14'30" c. m. 43°57'16" B. 1. (Poccus)
n 43°14'31" c. m. 76°57'7" B. 1. (Kazaxcran), Taknm 00pa3oM paszHHUIA MO reorpaduuecKoi
mupote coctaBuia 12°59'59", mo gonrore — 33°0'51". [Ipenmerom rccnenoBaHus BBHICTYIIA-
J1a TePPUTOPHAIBHAS N3MEHYUBOCTh COAEPKAHUS U COOTHOLICHUS TUIACTUIHBIX TTHTMEHTOB
1-eTHelt XBOM, OTHOBPEMEHHO OTOOpPAHHOW B yKa3aHHBIX JOKanusx. B pabore mcnonb3o-
BaH CIIEKTPO(OTOMETPUIECKUH METOA. YCTAaHOBHMJIM PEAKLUIO IMMIMEHTHOTO COCTaBa XBOM
Ha U3MCHEHHs yCIOBUH MPOMU3pacTaHnsl HHTPOAYLICHTOB Ha TEPPUTOPHAIIBHO Pa300IIeHHBIX
yuactkax. ConeprkaHue XJ10po(MIIOB HEOANHAKOBO U B Ka3aXCTAHCKOM JIOKAIMH BEIIIE, YeM
B poccuiickoil. KoHIleHTpamus kKapoTHHONIOB pa3indaiach B MEHBIICH CTETIEHH M B Ka3ax-
cranckoit okarnmu (0,30+0,016 mr/T) okazanachk Hike, 4eM B poccutickoit (0,340,006 mr/T).
OnHO(haKTOPHBII TUCTIEPCHOHHBINM aHAIN3 BBISBUII CYIIECTBEHHYIO Pa3HUILY B MUTMEHTHOM
cocraBe XBoH ocobeit 6noTel. Koadduunent HaciexyeMocT Ha Ka3aXCTAaHCKOM Y4acTKe CO-
craBui ot 32,50+13,50 % no conepxkaHuto KapoTuHOUI0B 110 69,30+6,14 % no nosue xiao0po-
¢muta-b B 00111€M THTMEHTHOM COCTaBe; Ha poccuiickoM — ot 40,64+11,87 % 1o conepskannio
KapOTHHOHJIOB 10 79,59+4,08 % 1o OTHOLIEHUIO COlepKaHHs KAPOTUHOUOB K CyMMapHOMY
CozIepKaHUIo XJIOPOGMILIOB. J[ByX(haKTOPHBIH ANCTIEPCHOHHBIA aHAIU3 TOATBEPIMII CTaTH-
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CTHYECKYIO 3HaYUMOCTh JTU(P(EPEHIMPYIONIEro BIUSHUS PA3IHYMid B JIECOPACTUTEIBHBIX
YCIIOBHSIX MECT PacCEICHUs HHTPOIYIICHTOB Ha (popMupoBanue o01ero ¢poxHa GeHOTHITAYEC-
CKOM TUCTIEpCUU TTOKa3aTese MMTMEHTHOTO COCTaBa UX XBOU. HanbompIme olleHKH yKa3aH-
Horo ¢ dekra (85,25+0,37 %) nocTUrHYTHI 10 J0Ne XJIopoduiia-b B MUIMEHTHOM COCTaBe,
Hanmensime (9,1942,27 %) — mo comepkaHUIO KapOTHHOWIOB. BiusHIe MHINBHTyaTbHOMN
M3MEHYHMBOCTH 0c00€ii Ha KaXKJIOM U3 YUaCTKOB MEHBIIIE, a €€ OIICHKH Yallle He TT0JTyYaliy cTa-
TUCTHYCCKOTO MOATBEPXKACHHUS: OT 4,61+9,54 % (mosst xmopodusuia-a B 00IIeM TUTMEHTHOM
coctane) 10 27,83+7,22 % (comepxkanue xynopodunia-a). I3MeHeHHs yCIOBUN MECTOIIPOU3-
pacranusi ocoOei OMOThI, CBSI3aHHbBIE C pa3MEIICHUEM Ha Pa3HbIX yuacTKaX, BHI3BAIIM CHHKE-
HHUE KOHLEHTPALUH XJIOPO(UILIIOB U MOBBIICHUE COJIEPKaHKsI KAPOTHHOUIOB B X XBOE Ha
pOCCHUICKOM JTOKaIUH.

Kniouesvie cnosa: 6mota BOCTOUHAS, MHTPOMYKIIHS, XBOS, MUTMEHTHBIA COCTaB, XJIOPO-
¢bwi-a, xopoduiui-b, KApOTUHOUIBI, TUCTIEPCHOHHBIN aHAIN3
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Abstract. The pigment composition of the leaf apparatus of the Platycladus orientalis (L.)
Franco has been studied during its introduction to the territory of the Russian Federa-
tion (the Nizhny Novgorod Region) and the Republic of Kazakhstan (the Almaty Region).
The relevance of the work is determined by the need to improve the range of urban green spaces.
Platycladus orientalis (L.) Franco is in high demand in this context. The object of the study has
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been its same-aged individuals of seed origin, planted in areas with coordinates 56°14'30" N
43°57'16" E (Russia) and 43°14'31" N, 76°57'7" E (Kazakhstan), thus the difference in geo-
graphical latitude has been 12°59'59" N, and in longitude —33°0'S1" E. The subject of the study
has been the territorial variability of the content and ratio of plastid pigments of 1-year-old
needles simultaneously sampled in the specified locations. The spectrophotometric method has
been used in the work. The reaction of the pigment composition of the needles to changes in
the growth conditions of introduced species in geographically separated areas has been estab-
lished. The chlorophyll content varies and is higher in the Kazakh location than in the Russian
one. The concentration of carotenoids has varied to a lesser extent, and in the Kazakh location
(0.30+0.016 mg/g) it has been lower than in the Russian one (0.34+0.006 mg/g). One-way ANO-
VA has revealed a significant difference in the pigment composition of the needles of biota
individuals. The coefficient of heritability in the Kazakh site has ranged from 32.50+13.50 %
for the carotenoid content to 69.30+6.14 % for the proportion of chlorophyll-b in the total
pigment composition; in the Russian site — from 40.64+11.87 % for the carotenoid content to
79.59+4.08 % for the ratio of the carotenoid content to the total chlorophyll content. Two-way
ANOVA has confirmed the statistical significance of the differentiating effect of differences in
forest growth conditions of the sites of settlement of introduced species on the formation of
the general background of phenotypic dispersion of the pigment composition of their nee-
dles. The highest estimates of the indicated effect (85.25+0.37 %) have been achieved for
the proportion of chlorophyll-b in the pigment composition, the lowest (9.19+2.27 %) — for the
content of carotenoids. The influence of individual variability of individuals in each of the sites
is less, and its estimates have more often not been statistically confirmed: from 4.61+£9.54 %
(the proportion of chlorophyll-a in the total pigment composition) to 27.83+7.22 % (the content
of chlorophyll-a). Changes in the growth conditions of biota individuals associated with their
placement in different areas have caused a decrease in the concentration of chlorophylls and
an increase in the content of carotenoids in their needles in the Russian location.

Keywords: Platycladus orientalis (L.) Franco, introduction, needles, pigment composition,
chlorophyll-a, chlorophyll-b, carotenoids, analysis of variance
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bich N.A. The Pigment Composition of the Needles of Platycladus orientalis (L.) Franco during
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Bseoenue

[ToTpeOHOCTh B ONTUMU3AIMK HAMPSHKEHHOW 3KOJIOTHYECKOH 00CTaHOBKH B
rpaHulax ypOaHU3UPOBAHHBIX TEPPUTOPHIA, ITAPAMETPBI KOTOPOU YaCTO 3aMETHO OT-
KIIOHSFOTCS OT HOpM KOM(OPTHOCTH, He ocliabeBaeT. B HacTosimee BpeMs mpodiema
nprobpena TI00aTbHBIA XapaKkTep, 3aTPOHyJIa MHOTHE TOCYyAapcTBa Ha MOCTCOBET-
CKOM TIPOCTpAHCTBE, BKiItouas Poccuiickyro @enepanuto u Pecmyonuky Kazaxcran.
B apcenane cpenctB 00pbObI ¢ HETaTHBHBIMU MOCIICACTBUSIMU MPOSIBIICHHS JTAHHOM
MPOOIEMBbl HEM3MEHHO TIPUCYTCTBYET TIOCTENIEHHASI HHTETPAIHsi OOBEKTOB U CUCTEM
03eJICHEHUS B DIIEMEHTHI TOPOJCKUX JTaHmadToB. Pacimmpenne u coBepieHCTBOBA-
HHE aCCOPTUMEHTHOTO COCTaBa CO3/IaBAEMBIX IPHU dTOM HCKYCCTBCHHBIX HaCaXKIIe-
HUW BO MHOTOM TIPEIOTPEICNSICT MOBBIIICHUE UX MPOTYKTUBHOCTH, YCTOMUYHUBOCTH
1 JIOJITOBEYHOCTH, & TAK)KE 00yCIIOBIMBAET BO3MOXKHOCTh HAMOOJIEe MOTHOTO JIOCTH-
KEHHS TIeJiell MCTIOJIh30BaHUs TaKMX HacaxaeHuid. Hepemko mis atoro Tpebyercs
AKTUBHOE TPHUBJICYCHUE BUIOB WHOPAHOHHOU ACHIPOMIOpPHI, CrIOCOOHBIX 3(dek-
TUBHO BBITIOJHATH CBOM CAHUTAPHO-TUTHUEHUYECKHUE, TEKOPATUBHO-ICTETUUCCKUE U
peKpeannoHHO-0ambHeoornueckrue (PyHKIMHE B JIECOPACTUTENBHBIX YCIOBUSX HO-
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BBIX MecCT paccenenus [4, 5, 8]. B maHHBIN CIIUCOK C MOTHBIM OCHOBAHHEM MOXKHO
BKIIIOUUTH OMOTY BocTouHyto (Platycladus orientalis (L.) Franco), npupoauslii apeain
KOTOpOH oxBarbiBaeT Tepputopuio Kurtas u HOxuoit Kopen [18, 30, 36, 37]. 3nech
OHa MPUYpPOUYEHA K TOPHBIM MECTHOCTSAM M mpearopbsam [24, 30, 32, 33], ucnonssy-
ercs B IUVTaHTalMOHHOM [19, 24, 35, 37] u necHom [20, 26] x034iicTBE, NapKOCTPOE-
HUU U 03€JICHEHUH HAaceJIeHHBIX MecT [12, 13, 15]. 3ameTHOE yTHIMTapHOE 3HAUCHUE
00yCIIOBIMBAET e MHOTOIUIaHOBOE u3yuyenue [15, 17], Bkitoyast reorpadguyeckyio
M3MEHYHMBOCTh M ceneknmio [15, 17, 25]. B cuctemaTrndeckoM TutaHe 3TO pacTeHHE
OTHOCHUTCSI K MOHOTHITHOMY pofy cemeiictBa Kunapucossie (Cupressaceae Gray) n
raOuTya pbHO MPEICTABISIET COOOM JepeBO WM KPYMHBIA KycTapHuk [12, 18, 36].
B crpanax CHI" u EBpa3uiickoro skoHOMMUYECKOTO COI03a ABJSETCS HHTPOAYLIEHTOM
[7]. OOmmpHBIN MepeueHb BOMPOCOB, CBA3aHHBIX C MPAKTUYECKUM MPUMEHEHUEM
BHJIa B yKa3aHHOM PETHOHE, TIOKA €Ile OCBEIICH B HAYYHOU JINTepaType Hel0CTaTod-
HO. OHOM U3 NPUYNH, CAEPKUBAIOIINX IIUPOKOE paclpoCTpaHEHHE 3/1eCh JAHHOTO
9K30Ta, SBJIAETCS] OTCYTCTBHE IOCTATOUHOTO 00beMa CBeJCHUH 00 0COOCHHOCTSIX €T0
(U3NONOTHH U APYTHX OMOIOTUYECKHX ACMEKTaX, OMPEEIISIONINX PE3UCTEHTHOCTD,
aJaNTUPOBAHHOCTb, PENPOLYKTUBHBIA MOTEHLIUAI U MPOYUE XapaKTEPUCTUKU pac-
TEHUH.

Lenp uccnenqoBaHust — yCTAHOBUTH HUTMEHTHBII COCTaB XBOU OMOTHI BOCTOY-
HO# mipu ee mHTpoayknuu B Hikeropomckyio (Poccus) m Anmarmnackyro (Kazax-
cTaH) o0J1acTy.

Obvexmubl u Memoowbl UCCAEO08AHUA

OOBEKTOM HCCIEOBAHMS CITYKHIIM OIHOBO3PACTHBIC (OMOJIOTMYECKHA BO3-
pact — 7 ;met) ocodu OMOTHI BOCTOYHOH CEMEHHOrO NpoucxoxiaeHus. OHU ObLIH
OJHOBPEMEHHO BBICAKCHBI B MHTPOLYKLHMOHHO-KOJJIEKIIMOHHbIE yuyacTku Hipke-
TOPOJICKOTO TOCYJapCTBEHHOIO arpoTexHojiormueckoro yHusepcutera (Poccus) n
Kazaxckoro HaIlOHaJILHOTO arpapHOIo MCCIIEA0BaTENIbCKOro yHuBepeuTera (Kazax-
ctaH). Ux koopauHaret 56°14'30" c. m1. 43°57'16" B. 1. 143°14'31" ¢. 1. 76°57'7" B. 1.,
a abcomoTHas BeicoTa — 141 1 872 M Hag yp. M. COOTBETCTBEHHO. Takoe reorpaduue-
CKO€ TTO3UIIMOHUPOBAaHUE C(HOPMUPOBAIO BEKTOP TEPPUTOPHAIHLHOTO MTEPEMEIICHHS
B 12°59'59" c. m. 33°0'51" B. A. u untepBan BoicoT B 731 m. Ilpemmerom uccie-
JIOBaHMsI BbICTyIana reorpaduueckasi U3MEHYUBOCTb COAEPKAHHUA U COOTHOILLICHUS
MJIACTUIHBIX MUTMEHTOB B 1-JIeTHEH XBOE, OMHOBPEMEHHO OTOOPAHHOM B KXKIOH U3
YKa3aHHBIX JIOKALUH.

MeTo0IOTHYECKUH TTOIX0/1, TIPUHSTHIA B padote, obecnedyrst coOmoIeHue
MPUHLIMIIA €IMHCTBEHHOT'O JIOTHYECKOTO Pa3Iniys, COMIACHO KOTOPOMY JJIsl KaXJ10-
IO U3 ONBITHBIX YYaCTKOB OIPEIENICHbI CIUHbIE CXEMbl PEHIOMU3UPOBAHHOIO pac-
MOJIOKEHUS PAcTEeHUl, OJIMHAKOBAs arpoTEXHUKAa WX BbIPAIIMBAHUS, OAHOTHUITHBIN
MCXOIHBIA Marepuai (2-neTHue cesHubl). s ycTpaHeHus BO3MOXKHOTO BIIMSIHUS
Pa3HbBIX IKOJIOTUIECKHUX (PAKTOPOB CPABHEHHE PACIIOIOKEHHBIX HA OTACIHHOM OIBIT-
HOM yYacTke OOBEKTOB OCYLIECTBISUIOCH TOJBKO B MpeJiesiaX €ro rpaHull MpH BbI-
POBHEHHOM MHKpOpeJbe(e 1 TOMOI€HU3UPOBAHHBIX IIOUBEHHBIX XaPaKTEPUCTHKAX.
B mensix snuMuHAIMM BO3ACHUCTBHS (akTopa BPEMEHH, BBI3BIBAIOLIETO BO3HHKHO-
BEHHE XPOHOIpapuIecKoil N3MEHIMBOCTH, BCE NMOOETH [UIsl MOCIIEAYIOIUX J1abopa-
TOPHBIX MCCJICIOBAHUN OTOMpPANH OJJHOBPEMEHHO (25 Hos0pst 2023 1) ¢ y4acTKOB Ha
tepputopun Pecniyonmuku Kaszaxcran u Poccuiickort ®eneparun. Takum merosmye-
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CKUM TIPUEMOM O00ECIIEeUMBAIOCH OJIMHAKOBOE (DU3MONOTHYECKOe COCTOsTHHE mole-
rOB, KOTOPOE Ha MOMEHT y4eTa (PMKCUPOBaIOCh B (paze mepexona K 3MMHEMY MTOKOIO.
Ot16op OMOIOTHYECKHX 00pa3IoB OCYIICCTBISLIN U3 MEepHU(EepPUH CPETHETO spyca
XOpOIIO OCBEIIEHHOH YacT KpoHbI. [Ipu 3ToM B hopMupyeMyIo BBIOOPKY HE BKJIIO-
YaJIM IPUPOCTHI, TOBPEXKICHHBIC BCIEACTBHE BO3ICHCTBUS OMOTHIECKUX WITH a0HO-
THYECKUX (PAKTOPOB, WM C OTKJIOHEHUSIMH OT HOPMaJIbHOTO pa3BUTHs. Ha OmbITHBIX
y4acTKax (BapHaHThI OIIbITa) 00CIEA0BAHO 110 5 TUIMYHBIX PACTCHUH (IOBTOPHOCTH).
C Ka)xJI0r0 U3 HUX OTOOPAHO MO 5 TT0OETrOB, MOCTYKUBITUX UCTOYHUKAMHU XBOH IS
naboparopHoro ananuza. [loaydyeHHBIH OnoMaTepuan U3yvaid 10 MIHPOKOMY CIEK-
TPY XapakTepUCTHK MMTMEHTHOTO COCTaBa JIMCTOBOTO armapara pacteHui (taom. 1).

Tab6uuma 1
IMoxa3aTe i MUTMEHTHOI'0 COCTABA XBOM CasKeHIeB OMOTHI BOCTOYHOM

The indicators of the pigment composition of the needles
of Platycladus orientalis (L.) Franco seedlings

o YenosHoe
Kareropus nokazareneit [Ipuznax
0003HaYeHNE
-a
Conepxanue XJa0popuia [Tpuznax 1
O1eHKH pa3IenbHOTO
Conepxanne xjaopodunia-b [pm3Hak 2
COZIEPKAHUS IUTACTUIAHBIX C
AMEHTOR oJiepkaHne HenpPepeHIIMPOBAHHBIX MTpussax 3
KapOTHHOMJIOB
CymMmMa conepxaans XJIopodhuimia-a
[Ipm3Hak 4
OLEeHKH CyMMapHOTO u xnopoduina-b
CozIepKaHUs MMTMEHTOB CyMMapHOe cofiep)KaHue TUIACTUIHBIX
IIpusnak 5
MTUTMEHTOB
OTHoIIeHUE copepKaHusI XJIopodusuia-a
[Ipu3Hak 6
K COZICp)KaHUI0 XJI0podunia-b
OTHOLIEHNE copepKaHus XJI0popuILIa-a
K cofep KaHUI0 Heau(pepeHINPOBAHHBIX [pm3nHak 7
[ToxasaTenn COOTHOIICHHUS KapOTHHOHJIOB
B COJIEPKaHUHM TIACTU/IHBIX |  OTHOIIEHHE cojepiKaHus Xiopoduiia-b
MTUTMEHTOB K CofiepaHuIo HemuddepeHIpoBaHHBIX [Tpuznax 8
KapOTHHOMJIOB
OTHOILIICHUE CO/IEPIKAHUS KAPOTHHOUJIOB
K CyMMapHOMY cojiepkaHuio xjaopoduina-a | IIpusnak 9
u xnopoduiia-b
o111 XxJ1opoduiLia-a B 00IEM TUTMEHTHOM
A pod - ITpuznak 10
cocTaBe
Jlons mnactuaHbIX urMeH- | Jlons xiaopoduiuia-b B 0011eM MUTMEHTHOM Mpusnax 11
TOB B MX 0O0IIEM cOCTaBe cocTase P
0JIs1 KAPOTUHOMIOB B OOIIEM MUI'MEHTHOM
A p A = [Tpusnak 12
coCTaBe

Teopernueckas mnardpopMa aHajiu3a MUTMEHTHOTO KOMIUIEKCA XBOW ObLia
Npe/ACTaBiIeHa KilaccuueckuMu padoramu [21-23, 27-29, 31, 34]. UuctpymeHTOM
nccnenoBanust Ciykui criekrpodoromerp CD-2000 ¢ mporpaMMHBIM 00€CTICYCHH-
em GRASS GIS 7.6.1 / QGIS 3.4. C ero noMomipio GUKCHPOBAIA MAaKCUMYMBI T10-
IoImeHUs Xjaopodmmia-a, ximopodhuuia-b U KapoOTHHOHWIOB, IS YEro BBIOMPAITH
JUTUHBI BOJIH 665, 649 u 452,5 HM COOTBETCTBEHHO. YUHUTBIBAs BO3MOKHOCTH CMeE-
IICHUS] YKa3aHHBIX MAaKCHUMYyMOB TIOJI BJIIMSTHUEM OITHYECKHUX CBOMCTB HCIOJB3ye-
Moro 3kctparenta [10, 11, 22, 27], mapamienbHO CKAHUPOBAIH €T0 TECT-KOHTPOIIb-
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HBI 0Opazer]. KoHneHTpanuio yka3aHHbIX BEIIECTB CHIPOM MaCChl XBOM BBIYHCIISUTN
1o ypaBHeHusM Bermrelina n Xomsma it 96%-ro sranoma [21, 22, 27, 34]. Mac-
Cy pabodvell HaBeCKH YyCTaHAaBIMBAJIM Ha aHaTUTHYecknx Becax Acculab Vicon
VIC-300d3 ¢ tounoctrto 10 0,001 1. Takas »e HaBeCka TOTOBMIIACH MO KAXKIOMY 00-
pasily sl ONpeeCHUs] B HEH JI0JHM a0CONIOTHO CyXOrO BEIIECTBA IMOCIE BBICYIIIU-
Banusi B mkagax HS 61 A. [lepBuunas enuHuIa BEIOOPKH MpEACTaBICHA PAa30BbIM
YYIETOM KaXKJIOTO W3 aHAIM3UPYEMBIX ITOKAa3aTeliei Mo BapHaHTaM M MTOBTOPHOCTSIM
ompITa. VX 9riciio 1o oTaensHOMY IPHU3HAKY cocTaBmiio S0 e.; Bcero B 0a3ze TaHHBIX —
600 en. Hapsiy ¢ naopmaneit o HermocpeCTBEHHOM CO/IepyKaHUH TTACTHTHBIX TIHT-
MEHTOB HCIOJIb30BAIM PACUECTHBIC 3HAUCHUS, YTO IIMPOKO MPHUHSTO B JIECOBOJCTBEH-
HBIX [2, 9, 16, 32] 1 Ouonoruyeckux [6, 14] uccneoBaHUSX, B T. 4. IPH U3YUCHUH TTHT -
MEHTHOTO cocTaBa (oTocHHTE3Mpyloliero ammapara [1, 3, 21, 28]. Craructudyeckuii
Y TUCTICPCUOHHBIN aHAJIN3 BBITOIHEHBI TI0 OOIICTIPHHITHIM METOTUICCKIM CXEMaM.

Pezynomamot uccnedosanust u ux oocyxncoenue

HccnenoBanubie 0coOM OMOTHI BOCTOYHOH C Pa3HBIX OIBITHBIX Y4aCTKOB IIPOS-
BUJIM 3aMETHYIO (DEHOTUITUYECKYIO HEOJHOPOTHOCTD B COJIEPIKAHUM U COOTHOIICHUH
(OTOCHMHTETHYECKUX MUTMEHTOB. Takasi cuTyarust 3aUKCHpoOBaHa 10 BCEM aHaJIH-
3UPYEMbIM MPHU3HAKAM KaK B reorpaduueckoM Maciitade MEXIy CpaBHHBaEMbIMH
mokarusimMu (Kazaxcran u Poccust), Tak 1 Ha ypOBHE MHANBUAYATHLHOW M3MEHINBO-
CTH B IpejiesiaX Kax0i u3 Hux. Kak MOXKHO BUIETh HA pHC. 1, colepkanue Xjaopo-
¢ua-a B XBoe OMOTHI BOCTOYHOH Ha Pa3HBIX y4acTKaxX HEOIWHAKOBO, U HA MOMCHT
ydeTa 000OLIeHHbIE OLEHKH Kazaxcranckod sokanuu (Total, = 0,88+0,012 mr/r)
ObLIM HECKOJIBKO BhINIE, ueM B poccuiickoii (Total, = 0,81+0,019 mr/r). Takoe cooT-
HOILIEHUE CO3/1aJI0 MPEBBIIICHNUE TIepBOi HaJl BTopoii B 1,08 pasa, wiu Ha 0,063 mr/r.
[Ipu TOM, YTO MO BEJUYMHE JUANA30HBI JUMHTOB PacCMaTPUBAEMOTrO IOKa3aTelis
(A, = max — min) pasnuyanuce HezHauurtenbHo — 0,32 Mr/r (ka3axcTraHCKasl JIO-
kanus) 1 0,38 Mmr/r (poccuiickas), — MO TpaHUI]AM OHU 3aMETHO HE COBIIAJIAJIH:
0,79...1,12 mr/r B mepBoMm ciyvae u 0,64...1,02 mr/r — Bo Bropom. O6001I€HHOE T10
2 yuactkam 3Hauenue (Total ) cocraBuno 0,85+0,012 mr/r.

= L2 Puc. 1. Coneprkanue xiopoduiia-a B
&1L XBOE OMOTHI BOCTOYHOM (TOuKamMu 0003Ha-
°§’ 1,01 [‘I’] YEHBI CPeTHHE 3HAUYCHHS, «KOPOOKAMM» —
% 0,91 Eé] Ef] [r?] @ [I:] & TpaHULIbI HOPMBI, «yCaMm» — J'II/IMI/ITI:.I)
508 E’] Fig. 1. The chlorophyll-a content
$0.7 [,‘1’] in the needles of Platycladus orientalis (L.)
0.6 KyCT1|KyCT2|Kya3|l(yu4|l(yc’r5’l<yﬂlb(y'CTlh(yCTZh(yCT4|l(y'CT5 [Totall ‘Totalz h‘olalo Franco (the dots ll’ldlcat'e the average val-
Kazaxcranckas Poccuiickas O6oomennoe! ues, the “boxes” — the limits of the norm,
JoKaIus R 3HAICHHE the “whiskers” — the limits)

He menee 3maunMas xapakTepHUCTHKa MUTMEHTHOTO COCTaBa — COJICpPKaHUE
xnopopmiia-b — Takke MojaBep)KeHa M3MeHYHBOCTH (puc. 2). Ee 00o0mieHHbIe
3HAUCHHUS HA Ka3aXCTAaHCKOM U POCCHUUCKOM ONBITHBIX y4acTKaX COOTBETCTBEHHO
cocraBmin: 1,410+0,044 u 0,528+0,034 mr/r. MOXHO OTMETHTH Pa3iHuus MEXIY
HUMH B 2,66 paza, wim Ha 0,878 Mr/1, 9T0 OOINBIIE MO CPABHEHUIO C PA3THIUIMU
B cozuepkanuu xjopoduinia-a. COOTHOIICHUS JIMMUTOB HM3MCHHJIUCH CTOJb KE
3HauUMTeNbHO. Jnana3onsl gocturiu ypoBHs 0,82 u 0,69 Mr/r, 3aMeTHO pa3innyasch
M0 BEJIMYWHE U B eme Oomblieil mepe — mo rpanumnam: 0,96...1,78 u 0,31...1,00
COOTBETCTBCHHO.
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Puc. 2. Copeprxanue xnopoduiia-b
B XBO€ OMOTBI BOCTOYHOH (yCIIOBHBIC
0003Ha4YeHust — cM. puc. 1)

Fig. 2. The chlorophyll-b content
in the needles of Platycladus orientalis (L.)
Franco (for the legend see Fig. 1)

Mh oo h anxw

Coneprkanue, Mr/r
cooc o —
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Kyer 1‘K)’CT 2‘ Kyer 3‘ Kyer 4‘ Kyer 3|
Kasaxcranckas
JIOKauuUst

Kyer I‘KyCT 2‘ Kyer 3‘ Kyer 4‘ Kyer 3|

Total 1] Total2[Total O
O6061menHOE
3HAYECHHUE

Poccuiickas
JIOKanus

KoHIieHTpanus KapoOTHHOHIOB B XBO€ OMOTHI BOCTOYHOH (puc. 3) paznmuya-
Jach B MEHBIIEH CTENeHH, YeM IoKa3aTenu xjaopodumia. Kpome Toro, 06061meH-
HBIC CpelHUE 3HaueHUs s kazaxcranckou jokanuu (0,30+£0,016 mr/r) B qaHHOM
ciTy4ae ObLTH HECKOJIBKO HIDKE M0 CpaBHEHHIO ¢ poccuiickoit (0,34+0,006 mr/r). Ux
COIOCTaBJICHUE 0O0HAPYXMWIo pasHuily B 1,12 pasza, wim Ha 0,019 mr/r. MHaye Benu
ce0s ¥ TI0Ka3aTelld N3MEHYHBOCTH: XapaKTEPUCTHKU POCCUICKOHN OIBITHON TPYIIITBI
B OIIEHKaX 110 CPEIHEKBAPATHUECCKOMY OTKJIOHEHHUIO M JIMMUTAM BBINISACIN Oojiee
ctabuibHO. Tak, aOCONIOTHBIN JMana3oH Ka3aXCTaHCKOU TPYIIIbI YUYSTHBIX PACTCHUM

(A, = 0,302 mr/r) B 2,47 pasa, win Ha 0,180 Mr/I, npeBOCXOAUI aHATOTUIHBIN I10-
Ka3zarellb poccuifickoi rpymmsl (A, , = 0,122 mr/r).
0,50
Puc. 3. CozneprkaHue KapoTHHOMIOB '\é 045
. * 0,40
B XBOE OHOTBI BOCTOYHOM (YCIOBHBIE ¢ ' B E}]
o Y i
0603HaUEHNs — CM. pHC. 1) 2 030 @ E’]
. . Q
Fig. 3. The content of carotenoids & 8’5(5)
in the needles of Platycladus orientalis (L.) ~ ' e P et T
. e Kyer 1[Kyer 2Kyer 3|Kyer 4 Kyer 5| Kyer 1[Kyer 2[Kyer 3 [Kyer 4 [Kyer 5 |Total 1 | Total2 Total O]
Franco (fOI‘ the legend see Flg' 1) Kasaxcranckas Poccuiickast O6001eHHOE

JioKanus JIOKaus 3HAYCHUE

HauOonee nadopmMaTuBHBIM [IapaMETPOM B CHIIy CBOET'O MHTErPajbHOIO Xa-
pakTepa BBICTYINIAJIO CYMMAapHOE€ COfEp)KaHUE IJIACTUIHBIX MUTMEHTOB B TKaHAX
1-neTHeW XBOW UCCIEAYeMBIX pacTeHuid (puc. 4). Paznmuus B CpeqHUX 3HAYCHUSIX
JTAHHOTO TIapaMeTpa oKa3ajnch Hanbosee KOHTPACTHBIMH, M B Ka3aXCTAHCKOH JIOKa-
uu (2,59+0,047 mr/r) onu O6butn B 1,53 paza, wim Ha 0,903 Mr/t BbIlIe, YeM B pOC-
cuiickoit (1,69+0,055 mr/r). Ilpn 3TOM yKa3aHHBIE CTATUCTHKH B IEPBOM Ciiydae 0o-
Jee CTaOUIIBbHBI IO CPaBHEHUIO cO BTOphIM. Pa3bpoc ux mumutos (A, = 0,785 Mr/r u
A, = 1,107 MI/r) B monHOM Mepe oTpaskal yKa3aHHYIO TEHIICHLIUIO: B Ka3aXCTaHCKON
YaCcTH OIbITa 3a)MKCUPOBaHA BeIMYMHA MeHbIIe B 1,41 pa3a, wim Ha 0,322 Mr/T.

35
Puc. 4. CymmapHoe conep:kanue E 3,0
ITUTMEHTOB B XBOE OMOTHI BOCTOUHOH € 25 ] E}] é [‘I’] [‘:’] #
=
(ycioBHBIC 0003HAYCHHS — CM. pHC. 1) % 2.0 é] [iﬂ
Fig. 4. The total pigment content § 1,5 & - Bl

in the needles of Platycladus orientalis (L.)
Franco (for the legend see Fig. 1)

1,0

Totall | Total2| Total0)
O606menHoe
3HaYeHHE

Kyer 1[Kyer 2]Kyer 3[Kyer [Kyer s
Poccwuiickas
JIOKaIus

Kyer 1[Kyer 2[Kyer 3[Kyer 4fkyer s
Kazaxcranckas
JIOKAIUs

[To ocTanbHBIM XapaKTEPUCTUKAM MUTMEHTHOTO COCTaBa, TAKUM KaK OTHOIIIC-
HUE WIH 0N COfIep)KaHus, chOpMUPOBATHCH CBOWCTBEHHBIE UM KapTHHBI pacrpe-
JIeJICHUSI U COOTHOIIEHUSI OCHOBHBIX OINKCATENbHBIX CTAaTUCTHUK. [T0CKONBKY BCE OT-
MEUYEHHBIE PA3IINYHsI MEXKTy 0COOSIMHU BOSHHUKIIM Ha (pOHE BHIPOBHEHHBIX HA KaXKJIOM
OTBITHOM YYaCTKE YCJIOBHH MECTOMPOU3PACTAHUS, TO MOKHO MPU3HATH, YTO OHU B
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TOW WM MHOU Mepe OOyCIIOBJICHBI HACIEACTBCHHBIMUA MPUINHAMU, CBI3AHHBIMU C
OCOOCHHOCTSIMH T€HOTHUIIOB UCCIIENyeMbIX pacTeHuil. OqHO(aKTOPHBIA TUCTIEPCH-
OHHBIN aHATN3 TTOATBEPAMII TO TPEaoNIoKeHue (Tabm. 2).

Tab6uuma 2

Cy1ecTBeHHOCTh Pa3JIHYUil MeKIy 0c00MH OMOTHI BOCTOYHOI! 110 COIEPKAHUIO
U 0aJIaHCy IUVIACTHAHBIX MUTMEHTOB B KA3aXCTAHCKOM U POCCHIICKOI JJOKAIMAX ONBITA
The significance of differences between the individuals of Platycladus orientalis (L.)
Franco in terms of the content and balance of plastid pigments
in the Kazakh and Russian experimental locations

Kpurepuit Jouns Busiaust akropa (h2+ s,?) Kputepuu
IIpusnax Ouiepa 1o ITnoxunckomy o CHezekopy pasnuyuii
F,, b | oxs2 | OFp wo | +s2 | F2 |[HCP, | D,

Kaszaxcmanckas noxayus
[Tpusznax 1 2,84 10,3620 0,1276 | 2,838 | 0,2687 | 0,1463 | 1,838 | 0,071 | 0,103
IIpm3Hak 2 3,82 10,4331(0,1134 | 3,820 | 0,3606 | 0,1279| 2,820 | 0,238 | 0,343
[Tpuznak 3 2,41 10,3250 0,1350 | 2,407 | 0,2196 | 0,1561 | 1,407 | 0,095 | 0,137
IIpm3Hak 4 1,87 10,2724|0,1455| 1,872 | 0,1484 |0,1703 | 0,872 | 0,256 | 0,369
[Tpuznak 5 0,52 0,0950(0,1810 | 0,525 |-0,1050|0,2210 |—-0,475] 0,317 | 0,456
IIpm3Hak 6 9,34 10,6513 |0,0697 | 9,338 | 0,6251 |0,0750 | 8,338 | 0,114 | 0,164
[Tpuznak 7 1,48 10,2286 0,1543 | 1,481 | 0,0878 | 0,1824 | 0,481 | 1,030 | 1,482
IIpm3Hak § 5,20 |0,5098 | 0,0980 | 5,199 | 0,4565 | 0,1087 | 4,199 | 1,614 | 2,322
[Tpuznak 9 5,85 10,53920,0922 | 5,850 | 0,4924 |0,1015| 4,850 | 0,036 | 0,052
IIpmsnax 10 | 4,00 |0,4443|0,1111 | 3,998 | 0,3748 | 0,1250 | 2,998 | 0,039 | 0,056
IMpuznak 11 | 11,28 ]0,6930|0,0614 | 11,284 | 0,6729 | 0,0654 | 10,284 | 0,042 | 0,060
Ipmnak 12 | 5,56 |0,5266|0,0947 | 5,563 | 0,4771 | 0,1046 | 4,563 | 0,029 | 0,041
Poccuitickas noxayus
Ipmsnak 1 8,77 10,6370 0,0726 | 8,772 | 0,6085 | 0,0783 | 7,772 | 0,081 | 0,116
[Tpuznak 2 11,29 10,6930| 0,0614 | 11,286 | 0,6729 | 0,0654 | 10,286 | 0,133 | 0,191
IIpu3Hak 3 3,42 10,4064 |0,1187 | 3,423 | 0,3264 | 0,1347 | 2,423 | 0,032 | 0,046
[Tpuznak 4 11,37 10,6946|0,0611 | 11,372 | 0,6747 | 0,0651 | 10,372 | 0,199 | 0,287
IIpm3Hak 5 10,50 10,6774 0,0645 {10,500 | 0,6552 | 0,0690 | 9,500 | 0,225 | 0,324
[Tpuznak 6 15,71 10,75850,0483 | 15,705 0,7463 | 0,0507 | 14,705| 0,224 | 0,322
IIpmsnHax 7 10,35 10,6742 0,0652 {10,347 | 0,6515 | 0,0697 | 9,347 | 0,102 | 0,147
[Tpuznak 8 12,17 10,7089 0,0582 | 12,174 0,6909 | 0,0618 | 11,174 | 0,303 | 0,436
IIpm3nHak 9 19,50 10,7959 0,0408 | 19,501 | 0,7872 | 0,0426 | 18,501 | 0,020 | 0,029
IMpuznak 10 | 10,39 |0,6750| 0,0650 | 10,386 | 0,6524 | 0,0695 | 9,386 | 0,024 | 0,034
Ipmsnax 11 | 14,09 |0,7381|0,0524 | 14,088 0,7236 | 0,0553 | 13,088 | 0,034 | 0,049
IMpuznak 12 | 18,39 |0,7862|0,0428 | 18,389 | 0,7767 | 0,0447|17,389| 0,013 | 0,019

IIpumeuanue: F  — onbITHOE 3HaueHue kpurepus Ouinepa; h>+ sh? — nons BAUSHUA OPraHU30BaHHOTO
(haxropa c ommokoit; F,2—xpurepnii dumepa B OlieHKE JOCTOBEPHOCTH O BIUSHHS OPTaHU30BaHHOTO
(axropa; HCP s — HanMeHbIIas CyIIECTBEHHAs Pa3HOCTh Ha 5%-M ypoBHE 3HaUMMOCTH; D s — KpuTepuii
Toroku Ha 5%-M ypoBHe 3HaunMOCTH. Tabnuunoe 3HaueHue kputepus Pumepa Ha 5%-M (F(;) 1 1%-m
(F,,) ypoBHsx 3HaunMocTH — 1,88 1 2,41 COOTBETCTBEHHO.

Jliis mopaBmnsiomiero OONBIIMHCTBA MPU3HAKOB (9 n3 12 B KazaxCTaHCKOH JIO-
Kallik ¥ BCE — B POCCHUCKOH) pacueToM KpuTepus Dwuirepa yCTaHOBIICHBI CyIIIe-
CTBEHHBIC Pa3In4us MEKAY 0co0siMH. OH IPEBBICHIT MUHUMAJIBLHO JIOITYCTUMBIE JUIS
MIPUHSTOTO B OIIBITE YUCIIA CTENIEHEeH cBOOOIBI Kak Ha 5%-M, Tak U Ha 1%-M ypoBHSIX
3Ha4nMOCTH. [Ipn 3TOM Ha y4yacTke Ka3aXCTAHCKOH JIOKALMU OIIEHKH COCTABHIIU OT
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2,41 (npuznak 3) no 11,28 (nmpusnak 11), a Ha poccuiickoit — ot 3,42 (npusHak 3)
1o 19,50 (mpusnak 9). Tako#t uror 1-ro 3Tana TUCIEPCHOHHOTO aHAIN3a TTO3BOJIHI
OIIPOBEPrHYTh €r0 HYJEBYI TMIOTE3y 00 OTCYTCTBHU CTATUCTUYECKH 3HAUYMMBbIX
pasnnunuil MeKAy 0coOsIMH OMOTHI BOCTOYHOM, MMEIOLIMMH CEMEHHOE POUCXOXKIe-
HHE, YTO CTaJO0 OCHOBAHUEM JJIsl OLICHOK J0JIM BIMSHUSI OPraHU30BaHHOIO (hakTopa
Ha ¢opMupoBaHre HEHOTHITNYECKOW TUCIIEpCHH. B yacTHOCTH, JUIs Ka3axCTaHCKOW
JIOKAIIMM PacyeThl 1o airoputMmy [ImoXuHCKOTrO MmoKas3aiy, 4To B BapUaHTax C MOJ-
TBEP)KJIECHHON 3HAYMMOCTBIO pa3inuyuil 3pQeKT, BbI3BAaHHBINA IHIOTEHHOW CIIeIH-
(MKOI MMUTMEHTHOTO COCTaBa XBOM OCOOEH CEMEHHOTO MPOUCXOKICHHUS, 3aMETECH
n pocruran or 32,50+13,50 % (F,? = 2,407) no coxmepaHHI0 KapOTUHOMIOB 1O
69,30+6,14 % (F,2 = 11,284) no none xnopodunia-b B 0011eM MIUTMEHTHOM COCTaBeE.

B poccuiickoil joKkamMyM SKCHEPUMEHTA CIIOKWIACh HECKOJIBKO HHAsl CH-
Tyarnus. 37ech BIHUSHHE OPTaHM30BAaHHOTO (akTopa Ha (GOpMHUPOBAHUE OOIIETO
¢ona QukcupyemMoi Tucrepcuu cKasbiBajoch B Oonblield mepe: ot 40,64+11,87 %
(F,2 = 3,423) taxxe 1o conepxaHuio KapoTHHOH 108 10 79,59+4,08 % (F,2=19,501)
[0 OTHOIIEHHUIO COJEP)KAaHUS KAPOTHHOUOB K CyMMapHOMY COJEpPKaHHUIO XJIOPO-
¢umna-a n xnopodwmna-b. [lomydeHne aHaJTOTHYHBIX OIEHOK Ha TeX )K€ yJacTKax
MeTonoM CHeJlekopa MPHUBENIO K COMOCTaBUMBIM (0TYACTH MEHBIIINM) PE3yIbTaTaM.

OueHuTh CHIIy Pa3AENbHOIO BIMSHUS Ha (OPMHPOBaHUE HaOMIOJAaBLICHCS B
OTIBITE INCTIEPCHUN KaXKIOTO U3 OPTaHU30BAHHBIX (DAKTOPOB, B HAIIIEM CITydae UMH BbI-
CTyNaU pa3au4usi B TEPPUTOPUATILHON JIOKATU3ALMH YIaCTKOB ((pakTop A) M HHANBU-
IyaJIbHbIE PA3IM4Ms MEXKIYy 0COOSIMU CEMEHHOTO IIPOUCXOKACHHS Ha KKIOM U3 HUX
(dpakTop B), a Taxke BCkphITh oo dddexra ux Blanmoaeiicteus (pakrop AB) cmor
IBYX(haKTOPHBIN TUCTIEPCHOHHBIN aHau3 (Tabum. 3). Biusiare pa3nuaunii B MecToIomno-
YKEHUH YJaCTKOB Ha BOSHUKHOBEHHE CYIIIECTBEHHBIX PA3IMYUI B TUTMEHTHOM COCTaBe
XBOH OMOTBI BOCTOYHOM HAIILIO MOATBEPIKICHNUE CTATUCTUUECKON HA/IS)KHOCTH B OIICH-
kax kpurepues dumepa. OHM NPEBBICKIM COOTBETCTBYIOIINE TAOIWUHBIC MPEIEIIb
Ha NPUHATHIX B JIECOBOACTBEHHBIX MCCIIEIOBAHUIX YCIOBUSAX TOYHOCTH OLIeHOK. [Ipu
TOM, YTO MIPAKTUYECKH 10 BCEM MIPU3HAKAM HaOJI0aIach UMEHHO TaKasl CUTyaLusl, 110
COZIEPYKaHHUIO KAPOTHHOM/IOB CYIIECTBEHHOCTh Pa3IWYMi MOTyYniIa MOATBEPKACHUE
Ha 5%-M ypOBHE 3HaUMMOCTH, HO HE AOCTHIVIA ero Ha 1%-M ypoBHe.

Tab6nuna 3

Pe3yabTaThl ABYX()AKTOPHOIO IMCIIEPCHOHHOI0 AHAIU3A
NUTMEHTHOI'0 COCTABA XBOM OMOTHI BOCTOYHOM

The results of a two-way ANOVA of the pigment composition
of the needles of Platycladus orientalis (L.) Franco

HUctounuk nuc- | Kpurepnii Hons pustius pakropa (h? £ ,7)
IIpusznak nepcun, Gaktopel | Dumepa o [lnoxuackomy no CHezekopy
BIIMSTHUS F,, h2 45,2 h2 5,2

A 14,61 0,1405 0,0215 0,1820 0,0204

Tpusnax | B 7,24 0,2783 0,0722 0,2086 0,0791
AB 5,11 0,1966 0,0803 0,2750 0,0725

Z* — 0,3846 0,6154 0,3344 0,6656

A 441,40 0,8389 0,0040 0,8848 0,0029

Tpusnax 2 B 6,44 0,0490 0,0951 0,0273 0,0973
AB 4,74 0,0361 0,0964 0,0376 0,0962

Z — 0,0760 0,9240 0,0502 0,9498
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Oxonuanue maon. 3

Uctounnk muc- | Kpurepuit Jons nusaaus dakropa (h? £ s,2)
IpusHak nepcud, dakropsl | Dumepa 110 [T1oXuHCKOMY 1o CHeziekopy
BINSTHUS F,. h2 5,2 h2 45,2
A 6,08 0,0919 0,0227 0,1215 0,0220
B 2,36 0,1424 0,0858 0,0811 0,0919
ITpusnak 3
AB 2,66 0,1611 0,0839 0,1992 0,0801
zZ - 0,6046 0,3954 0,5983 0,4017
A 358,06 0,8107 0,0047 0,8626 0,0034
B 6,07 0,0550 0,0945 0,0306 0,0969
IIpu3nak 4
AB 4,84 0,0438 0,0956 0,0463 0,0954
z - 0,0906 0,9094 0,0604 0,9396
A 229,7116 | 0,7641 0,0059 0,8304 0,0042
B 3,7681 0,0501 0,0950 0,0251 0,0975
ITpuznak 5
AB 3,9578 0,0527 0,0947 0,0537 0,0946
z - 0,1331 0,8669 0,0908 0,9092
A 670,23 0,8120 0,0047 0,8445 0,0039
B 15,28 0,0741 0,0926 0,0451 0,0955
ITpu3nak 6
AB 13,51 0,0655 0,0935 0,0789 0,0921
zZ — 0,0485 0,9515 0,0315 0,9685
A 19,68 0,2725 0,0182 0,3969 0,0151
TpusHax 7 B 1,92 0,1064 0,0894 0,0489 0,0951
AB 1,22 0,0673 0,0933 0,0229 0,0977
zZ - 0,5538 0,4462 0,5313 0,4687
A 188,59 0,6931 0,0077 0,7727 0,0057
Tpusnax 8 B 6,68 0,0982 0,0902 0,0585 0,0942
AB 4,19 0,0617 0,0938 0,0658 0,0934
zZ — 0,1470 0,8530 0,1030 0,8970
A 391,04 0,7775 0,0056 0,8355 0,0041
TpusHax 9 B 12,24 0,0973 0,0903 0,0602 0,0940
AB 5,74 0,0456 0,0954 0,0507 0,0949
zZ - 0,0795 0,9205 0,0536 0,9464
A 441,38 0,8368 0,0041 0,8803 0,0030
Tpussax 10 B 6,08 0,0461 0,0954 0,0254 0,0975
AB 5,44 0,0412 0,0959 0,0443 0,0956
Z - 0,0758 0,9242 0,0500 0,9500
A 805,34 0,8525 0,0037 0,8857 0,0029
Mpusiax 11 B 15,17 0,0642 0,0936 0,0390 0,0961
AB 9,67 0,0409 0,0959 0,0477 0,0952
V4 - 0,0423 0,9577 0,0275 0,9725
A 340,11 0,7695 0,0058 0,8323 0,0042
TpusHax 12 B 10,62 0,0961 0,0904 0,0590 0,0941
AB 4,85 0,0439 0,0956 0,0473 0,0953
V4 - 0,0905 0,9095 0,0614 0,9386

*Heoprann3oBaHHBII (haKTOP, UM OCTATOUHAS JUCIIEPCHSI, COOTBETCTBYIOINIAs BHY TPUTPYIITIOBOI (CITy-
YaifHO) N3MEHYMBOCTH, HHIYyLIUPYEMOH MeCTPOTON (hOHA HE YUUTHIBAEMBIX B OIBITE (PAKTOPOB CPEBL.
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[IpeacraBieHHbIE OIICHKN ONPECIHIA BOBMOXHOCTh HAXOXK/ICHHUS JOJIU BITU-
SIHUSI PACCMaTPUBAEMOIO OPraHU30BaHHOTO (PaKTOopa — Pa3IMyUsl MEXIY ONBITHBI-
MU ydacTKaMmu. B pacuerax Ha miardopme anropurma [lnoxuHckoro HanGonbline
oreHk (85,25+0,37 %) MOCTUTHYTBI 0 J10J1€ XJIOpohmiLIa-b B 00IIEM MTUTMEHTHOM
COCTaBe XBOM OMOTHI BOCTOYHOM, B TO BpeMs kak HamMmenbiue (9,19+2.27 %) — mo
COZICPIKAHHUIO KApOTHHOMIOB. BIH3Kkue K MakCUMyMy pe3ynbTarhbl 3a(hUKCHpOBaHBI
IUIs KOJIMYeCTBa XJopohmuia-b u Aonu Xjaopoduiuia-a B 00MIeM MUTMEHTHOM CO-
crase: 83,89+0,40 u 83,68+0,41 % coorBercTBenHO. Conmepkanue Xjopoduiuia-a B
XBO€ OMOTBI BOCTOYHOM, XOTS M OBIJIO MOJBEPKEHO CYIIECTBEHHBIM PACXOKICHUIM
Ha Pa3HbIX y4acTKax, [I0Ka3aJI0 CACPKAHHYIO PEAKIHIO PACTCHUN Ha U3MEHEHHE UX
MECTOIIOJIOKEeHHS B reorpadudyeckom Macirade: 14,05+2,15 %. I1o npyrum paccma-
TPHUBAaEMbIM NPU3HAKaM MUTMEHTHOIO COCTaBa XBOM TAKOE TEPPUTOPHAIILHOE Hepe-
MellleHHEe BbI3BaJI0 BOSHUKHOBEHHUE 00JIee KOHTPACTHBIX PA3IIHUHi.

Marepuansl Taba. 3 CBUACTENBCTBYIOT 00 OIyTUMO MEHBLIEM, HO MPEHMY-
[IECTBEHHO CTAaTMCTUYECKH 3HAYMMOM BIMSHHM WHIUBHIYaJbHOH M3MEHUYHUBOCTU
oco0eli CeMEHHOTO MMPOUCXOXKIeHHsI Ha (popMupoBanue X PeHOTUTUYECKON N3MEH-
YMBOCTH Ha KayKZ0M U3 OIBITHBIX yYacTKOB. B nopapisitomemM O0IbIIMHCTBE Cllyya-
eB (10 u3 12) Ha CymiecTBEHHOCTh OOHAPYKEHHBIX Pa3IMYUil yKa3bIBAJIN OMBITHBIC
F-xputepun (F , = 3,77...15,28), npeBbIcUBIINE MHHUMAIBHO JOIYyCTUMBIH ypo-
BeHb (Fy50, = 2,01/3,83). HcximoueHne cOCTaBMIM COlEPKAHUE KapOTHHOUIOB U
OTHOIIEHHE K HEMY colepaHus XjJopoduia-a. B Tex cnyyasx, Koraa cymecTBeH-
HOCTb Pa3JIN4Mi, BBI3BAHHBIX JeiicTBUEM (akTopa B, Obliia moaTBepxKAeHa, BbIUUC-
nsutack o718 ero Biustaus. OHa okazajach He CTOJIb 3aMETHOM, Kak 1o (Gaktopy A, a
ee OLCHKH Yallle He TOoJIy4aal CTaTHCTUYECKOTO MOATBEPXKACHHS U PacIoaraiuch
B quamaszone ot 4,61+9,54 % (npuznax 10) mo 27,83+7,22 % (npusHak 1).

D¢ dexr B3aumoneiicteusa axtopoB (paktop AB) kak npasuio (11 u3 12
[IPU3HAKOB) BbI3bIBAJI BOZHUKHOBEHHUE CYILECTBEHHBIX PA3IHMYUi, 4TO (UKCUPYET-
csl pacueTHbIMU kputepusmu Oumepa (F = 2,66...13,51), npeBpicuBIIMMU COOT-
BeTCcTBYyIoIue Tabmuunble 3Ha4eHus (F 5050, = 2,61/3,83). DToro ne Habmonanock
TOJIBKO JUIsI OTHOIICHUS COACPIKaHUS XJIOpO(HILIa-a K COACPKaHUIO KAPOTHHOUJIOB.
Opnnako geiictBue Qaxropa AB, kak u ¢aktopa B, okazanoch orpaHiYeHHBIM: OT
3,61+9,64 % (mpusnak 2) 1o 19,66£8,03 % (mpusHak 1) mpu HEMOATBEPKACHHOU B
psijie CiIydaeB CTaTUCTHYECKON 3HAYMMOCTH OLICHOK JOJIU €ro y4acTHs B popMupo-
BaHHUH OOIICH TUCIICPCHH.

Jlonst ocTaTOYHOM JUCTIEPCUM, BOZHUKHOBCHHE KOTOPOU OOYCJIOBJICHO HEY-
CTPaHUMOM MECTPOTON (POHOBBIX YCIOBHH Cpelbl KaXKIOI0 U3 ONBITHBIX YYaCTKOB,
a TaK)Ke HEM30EKHBIM BIMSIHAEM HE YYUTHIBAEMBIX B OIBITE CIyYalHBIX (aKTOPOB,
BapbupoBaia ot 4,85 % (npusHak 6) u 4,23 % (npusnak 10) no 60,46 % (npusHak 3).
I'eorpaduueckas N3MEHIMBOCTb, BbI3BAHHAS PA3IMUUSIMU B IapaMeTpax IKOJIOrHUe-
CKOro ()OHa TEPPUTOPUAIBHO Pa300IICHHBIX Y4acTKOB ((hakrop A), B JaHHOM KOH-
TEKCTE HE paccMaTpHUBaiach.

[TocTpoenwne pacyeTHOI yacTn aHaM3a Ha anroputme CHeslekopa Jano como-
CTaBUMBIH B OCHOBHBIX YepTax C MPHUBEACHHBIMH BbIIIE JaHHBIMU PE3YJIbTAT.

B nopsinke 00cyxneHust UTOroB paboThl MOKHO OTMETUTb, YTO COAEPKaHUE U
0aJaHC TUIACTHIHBIX MUTMEHTOB B XBOE OMOTHI BOCTOYHOI B IIEJIOM COOTBETCTBYIOT
CJIOKUBILUMCS MPEACTABICHUSM II0 3TOMY BOIIPOCY, OCBEILEHHBIM B IIyOIMKALUAX
0 XBOUHEBIX [6, 28, 29, 31] u nucTBeHHBIX [1] mopogax, BKIIOUYasl MPEICTaBUTEICH
ceMelcTBa KUMapucoBbIX [3].
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Boi6oowt

1. TIurMeHTHBIA COCTaB XBOM T'€HETHYECKH HEHISCHTHYHBIX 0coOel OMOTHI
BOCTOYHOM, AMCIOLMPOBAaHHBIX Ha TEPPUTOPUATIBHO Pa300ILICHHBIX Y4acTKax B
npenropHoii 3oHe 3aunuiickoro Anaray (Pecryonuka Ka3zaxcran) u B 30He XBO¥i-
HO-IIIMPOKOJINCTBEHHBIX JecoB Hmkeropoackoro [ToBomkes (Poccuiickas ®enepa-
1Us1), HEOIUHAKOB U XapaKTepu3yeTcs WHAMBHUIYaJIbHOW BHYTPHUBHIOBOH HU3MEH-
YUBOCTBIO.

2. GeHOTUNHYECKHE PA3INYMsl COAEPKaHHUS M COOTHOLICHUS Xyiopoduina-a,
xJsopopmiia-b 1 KAPOTHHOHUIOB B XBOE OMOTHI BOCTOUHON BO MHOTOM O0YCJIOBJICHBI
creun(pUKoil FeHOTUIIOB 0CcO0EH, UMEIOIINX CEMEHHOE MPOMCXOXKICHHUE, YTO MPOsi-
BUJIOCH B MpefesiaX KaKIOro U3 OMBITHBIX YYacTKOB M MOJYYHJIO TOATBEP)KIEHHE
pe3yibraTaMy OAHO(AKTOPHOTO AUCIICPCHOHHOIO aHAJIN3A.

3. KoHTpacTHble ycI0BUSI MECTONPOU3PACTAHUSI CEMEHHBIX TOTOMCTB OMOTHI
BOCTOYHOM, CBA3aHHBIE C UX Pa3MEILEHUEM Ha Pa3HBIX y4acTKaxX MPU UHTPOLYKIMH
Ha Tepputopuio Pecybnuku Kazaxcran u Poccuiickoit @eneparyu, BbI3BAIO OTBET-
HYIO PEaKIvio, BBIPA3UBIIYIOCS B MOBBINICHIH KOHIIEHTPALWH XJIOPO(MUIIOB U He-
3HAYUTEIBHOM CHUKEHUHU YPOBHS KAPOTHHOUIOB B XBOE.
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Annomayusa. TkaHeBas U KIETOYHAS CEJCKIUSA PACTCHUN B KYJBTYpE in Vitro sIBISETCA Iep-
CIIEKTUBHBIM HaINpaBJICHUEM, JOMOJHACT U YCKOPSIET TPAAUIIMOHHYIO CelleKnio. Moaenu-
pOBaHME CTpecca B CTPOTO KOHTPOIUPYEMBIX YCIOBHIX Ha CEJICKTHUBHBIX Cpelax MO3BOJIS-
€T MPOBOJMUTH OTOOP 10 YCTOHYMBOCTH K HEraTHMBHBIM (DaKTOpaM cpeibl (B T. Y. K 3acyxe
U 3aCOJICHHIO), COXPAaHAITh M KIOHHPOBATH N Vitro BapUAHTHl C MCKOMBIMU NPU3HAKAMU.
JIst TecHBIX IPEeBECHBIX PacTeHUN BOMPOCHI, Kacaloluecs aJanTallid TOJEPaHTHBIX Te-
HOTHIIOB K YCJIOBHSIM ex Vifro, N3y4eHbl HEJOCTaTOYHO. B paMkax JaHHOTO MCCIen0BaHUS
paccMOTpeHbl 0COOCHHOCTH Al Tallui K HECTEPHIILHBIM YCIOBUSIM ITOYBHI 3 JTMHUI Oepe-
3bl: MYUIMCTOM, KapeabCKON U JaJeKapIuiCKON — OTCENIEKTUPOBAHHBIX B KYJIbTYpE in Vitro
Ha ycToitunBocTh K 3aconeHuio (NaCl u Cd(NO,),). OueHuBanu npmxuBaeMocTb, pOCT U
pa3BUTHE PacTEHUI B 3aBUCMOCTH OT BO3pacTa, COCTaBa Cy0cTpara U CXeMbl aJlalTallny.
BpIsiBIIEHO, YTO /ISl YCIIEIIHOW MPHKMBAEMOCTH PETCHEPAHTOB Oepe3bl B YCIOBHSX ITOUBBI
UX TIOATOTOBKA K ATOMY 3Tamy JOJDKHA HAUYMHATHCS Ha CTAIUM MHUKpopa3sMHOKeHus. Ilo-
KaszaHa I1eJ1IecCO00pa3HOCTh MCIIOIb30BAHUS MTUTATENBbHOM cpenbl 2 MS 6e3 ropMOHOB ISt
MOJTyYeHHUS] PETCHEPAHTOB C AKTUBHBIM CIIOHTaHHBIM PHU30T€HE30M, HOPMAJIBHBIM POCTOM
u pa3BuTHeM, Oe3 NMPHU3HAKOB COMAaKJIOHAIBHOW HM3MEHYHMBOCTH, COAJaHCHPOBAHHBIX IO
pasmepy moberoB U KOpHEBOM cucTembl. Hanbonee BbICOKas MPUKUBAEMOCTDb ex Vitro (B
cpenrem 97-99 %) nmomydena pu 2-3TalHON cXxeMme ajanTaluu pacTeHui: 14 cyTok B yc-
JIOBHSIX Taboparopu, 3aTeM 14 cyTok B Terutuie (110 CpaBHEHUIO C 1-3TarmHo# aganTanuei —
28 cyTOK B J1aOOpaTopuu) C MOCICAYIONICH BBICAIKON B Mae B 3aIUIICHHBIN ITPYHT TCIUIH-
1bl. [Tokazana nmpeamnouTuTenbHas Bbicaaka | -MecsSYHbIX pEreHepanToB BeIcOTOM 4,5—6,0 cMm
B KOHTEHHEpHI ¢ cyOcTparoM U3 TOp(OrpyHTa B COYETAHUH C TIEPIIUTOM B COOTHOIICHUH
3:1. ¥V Bcex 3 JMHMIA YyCTAaHOBJICHO aKTHMBHOE OOKOBOE BETBJIICHHE KOpPHEW — B CpeIHEM
6—7 xopHeit 1-ro mopsinka u 18-29 kopueit 2-ro mopsiaka. [lo-Bugumomy, Oosiee HU3Kas
KpaTKOBPEMEHHAsl HOUHAs TeMIlepaTypa B TEIUIMIIE B BECEHHMN MEPHOJ MO CPAaBHEHUIO C
JTHEBHOU cTUMynupyer (JOpMHpPOBaHUE Pa3BUTON Pa3BETBICHHONW KOPHEBOM CHCTEMBI. DTO
obecrieynBaeT Jyulniee cHabKeHHE PacTEHUH BOJIOW U 3JIEMEHTaMHM ITUTAHMUs, CIIOCOOCTBYSI
MOJTHOW peanu3alyy ux aJjanTHuBHOro noreHnuana. [locne 1-2 ngetr qopamuBaHus B TEIUIH-
I[¢ YCTOWYUBBIC K 3aCOJICHUIO Ca)XCHIIBI COOTBETCTBOBAIM pa3MepaM CTaHIAPTHOTO IMoca-
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JIOYHOTO MaTepuaja, KOTOPBIA MOXKET ObITh MCIIOIB30BAH JIJIS IIeJIel 3alIUTHOTO JeCopa3Be-
JICHUSI M CO3JIaHUS UCTIBITATENBHBIX KYJIBTYD.

Knroueewie cnosa: depesa, TojlepaHTHbIC JIMHUN, MUKPOPa3MHOXKEHHE, CyOCTpaT, aJlanTalysi,
pocTt, KopHeoOpa3oBaHue, in Vitro, ex vitro

bnazooapruocmu: ViccienoBaHue BBINONHEHO B paMmkax rocsamaHuii Ne AAA-A-A20-
120012890092-6 u Ne 123040400004-8 denepanbHOTO areHTCTBA JECHOTO Xo3dicTBa. [Ipu
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BHUMJITUCOuoTex «Komnekiwst in vitro KIIOHOB IICHHBIX TEHOTUIIOB JIUCTBEHHBIX JIPEBEC-
HBIX PACTEHUI.
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Abstract. Tissue and cellular plant in vitro breeding is a promising trend that complements
and accelerates traditional breeding. Stress modelling under strictly controlled conditions
on selective media allows for selection based on resistance to negative environmental fac-
tors (including drought and salinity), and preserving and cloning in vitro of selected variants
with the desired traits. For forest woody plants, issues related to the adaptation of tolerant
genotypes to ex vitro conditions have not been sufficiently studied. This research examines
the adaptation features to non-sterile soil conditions of 3 birch lines: downy birch, Karelian
birch and Ornés birch selected through in vitro culture for resistance to salinity (NaCl and
Cd(NO,),). The survival rate, growth and development of plants have been evaluated depend-
ing on age, substrate composition and adaptation patterns. It has been revealed that for birch
regenerants to successfully survive in soil conditions, their preparation for this stage should
begin at the stage of micropropagation. The expediency of using 2 MS nutrient medium with-
out hormones to obtain regenerants with active spontaneous rhizogenesis, normal growth and
development, without signs of somaclonal variability, balanced in size shoots and root system
has been shown. The highest ex vitro survival rate (on average 97-99 %) has been obtained
with a 2-stage plant adaptation scheme for plants: 14 days in laboratory conditions, then
14 days in a greenhouse (compared to 1-stage adaptation — 28 days in the laboratory), followed
by planting in May in protected soil of a greenhouse. The preferred planting of 1-month-old

This is an open access article distributed under the CC BY 4.0 license
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regenerants 4.5—6 cm high in containers with a substrate of peat soil combined with perlite in
aratio of 3:1 has been shown. All 3 lines have shown active lateral root branching, with an av-
erage of 67 roots Ist-order roots and 18-29 2nd-order roots. Apparently, a lower short-term
nighttime temperature in the greenhouse in spring compared to the daytime one stimulates
the formation of a developed branched root system. This ensures a better supply of water
and nutrients to plants, contributing to the full realization of their adaptive potential. After
1 to 2 years of further growing in a greenhouse, salinity-resistant seedlings have corresponded
to the sizes of standard planting material, which can be used for protective afforestation and
the creation of test crops.

Keywords: birch, tolerant lines, micropropagation, substrate, adaptation, growth, root forma-
tion, in vitro, ex vitro
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Bseoenue

B ycnoBusix MeHsOIerocss KiMMaTa, yYacTMBIIMXCS 3acyX, YBEJIHYEHUs
MacmTadOB 3aCOJIEHHSI TI0YB, TEXHOI'€HHOI'O 3arpsi3HCHHS BO3pAcTaeT 3HAYMMOCTh
aJIanTHBHOW CeJeKIMHU, 0TOOpa M CO3/IaHMsI MPOAYKTHBHBIX M B TO JK€ BPEMSI CTpEC-
COyCTOHYMBBIX (hOPM ApeBEeCHBIX pacTeHHi. bepesa siBisieTcst oqHOM U3 iecooOpasy-
FOIIUX ¥ XO3IHCTBEHHO IIEHHBIX TTopo] Poccuu, BXOMUT B YHCIIO TITABHBIX TOPOJ IS
3alIMTHOTO Jiecopa3BeleH s, dPPEKTUBHOCTb KOTOPOTO OMpeNesieTcss HaIudueM
TOJIEPAaHTHBIX, B T. U. K 3aCyX€ U 3acojieHuto, (hopm [12, 22].

TkaHeBas U KJIETOUHAs CEJIEKIINS PACTEHUM in Vitro ABIsIeTCS NepCIeKTUBHBIM
HalpasJeHUEM, JOMOHSS U YCKOPsisl TPaAWLHMOHHBIN CEJeKIMOHHBIA mporecc [5,
19, 20, 24, 26]. [IpumeHeHNE OMOTEXHOIOTHUECKOTO IMOAX0AA AT BO3MOKHOCTh HE
TOJIBKO OTOMparh BapUaHTHI (OTACNBHBIC KICTKH, TKaHH, LIEJble PACTCHHS) C UCKO-
MBIMHU IPU3HAKaMM, HO U COXPAaHUTb UX M KIOHUPOBATb i1l Vifr0 B KOPOTKUE CPOKH.
OpHaxo JUIst IECHBIX JIPEBECHBIX PACTEHUI HCCIel0BaHMS B JaHHOM HaIlpaBJICHUU
HEMHOTouucaeHHsl [2, 17, 19], a psa BoOpocoB HEAOCTATOUHO XOPOLIO U3YYEH, B
YACTHOCTH, HE OIpeJIeIeHbl ONTHUMAJIbHBIE CXEMBbI MOJTOTOBKM U aJlaNTalliy ToJje-
PaHTHBIX TEHOTHUIIOB K YCIOBHAM ex vitro. Conepikalnecs B JUTEPAType CBEIEHUS
KacarlTcs B OCHOBHOM aKKJIMMAaTHU3alUKd K HECTEPUJIBHBIM YCJIOBHUSIM KJIOHHPOBAH-
HOTO in Vitro CeNeKIMOHHOIO MOCaJ0YHOr0 MaTrepHaia JIpeBeCHbIX pacTeHuil, oTo-
OpaHHBIX B IPUPOE WM TIOTYYSHHBIX METOAAMHU TPAIUITMOHHON ceneknuu [1, 18],
a He MaTepuasa, OABEPrHyTOr0 MHOTOKPATHBIM CTpeccaM, B pe3yJabTaTe KOTOPhIX y
pacTeHui HepeaKo MPOUCXOoaIT MOp(HOJIOrHIecKe, FTeHeTHIeCKue, (PU3n0I0ro-01o-
XUMHYECKHE U Ipyrue uaMeHenus [21].

Apanranus U mepeBoJ] MUKPOPAaCcTeHHUH U3 CTEPUIIbHBIX (in Vitro) B HecTe-
PWIBHBIE (ex Vitro) ycIoBUs ABISICTCS OHUM U3 YSI3BUMBIX U KDUTHUECKHX 3TAIOB
KIIOHAJIbHOTO MHKPOPa3MHOKEHHSI, HA KOTOPOM MOXKET MOTHOHYTh 3HAUMTENbHAs
4acTh KyJIbTyp [4]. DTO 3aKIFOYUTENBHBIH M OJHOBPEMEHHO OAWH W3 Hamboee
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CTPECCOBBIX 3TAIOB KIOHUPOBAHMUS in Vitro, KOTOPBIA B LIEJIOM OIPEAENsAeT ycrex
MUKPOPa3MHOXKECHHUSI MHOTOJICTHUX pacTeHuil [§]. M3BecTHO, 4TO B YCIOBHSX in
vitro pacteHus (HOPMHUPYIOT CHETHUPUICCKUN «KYIBTYPaIbHBINH (DEHOTHI», OT-
JIMYHBIA OT OOBIYHBIX PACTEHHM M HOCSLIMHA MPUCTIOCOOUTENBHBIN Xapakrep [3].
Yame Bcero pacTeHus KyJbTHBUPYIOT Ha TUIOTHOW arapu30BaHHOW NMUTATEbHOUN
cpene, KOTopas UMeeT HU3KYIO HACHIIIEHHOCTb KHCIOPOAOM M BeleT K TMIOKCHH
1 00€3BOXKMBAHUIO KOpPHEH. B KynbTypallbHBIX COCY/Iax IMOBBIIICHA OTHOCHUTENb-
Has BI&XXHOCTH BO3/yXa, OTMeYaeTcs AeUIIUT YIIIEKHUCIIOTO Ta3a, B pe3ylbTare y
pacTeHull MOsABISIOTCS HE(QYHKIIMOHUPYIOIINE YCThUIA, KOPHEBAs CHCTEMa 4acTo
HEeZ0pa3BUTa M JINIIIEHAa OOKOBOTO BETBIICHHSI, HAPYIIAETCS BOJAHBIN OanaHc, n3Me-
HSIFOTCSI TIPOIIECChI TPAHCIIUPAIIMKM M JIbIXaHUs, (DOTOCUHTETUYSCKON aKTUBHOCTH.
Henopassutue (M1 OTCYTCTBHE) SIMUKYTUKYISIPHOTO BOCKOBOTO CJIOSI IIPUBOJUT K
M30BITOYHON TPAHCTIMPAIIMH U 3aTPYAHIET MPOIECC aKKIMMaTH3aluu ex Vvitro [25].
W3-3a npucyTcTBUS caxapo3bl B cpelie U HU3Koi koHueHTpanuu CO, pacTeHus me-
pexXoaAT Ha TeTepOTPOQPHBINA THUI TUTAHUS.

Hapyuienue (u3nonornyeckux mporeccoB B KYJIBTYpe in Vitro, ciabas BO-
JIOyAEP KUBAIOIAsT CIIOCOOHOCTh M Ype3MEepHOE MCIapeHUe JTUCThSIMA B COYETaHUU
C HEJJOCTATOYHBIM IMOTIONICHUEM KOPHSIMH BOJBI U3 TIOUBBI YacTO OOYCIIOBIUBAIOT
ObICTpoe 00e3BOkHBaHUE pacTeHuii U ux rudens [3]. CoracHo manHbIM ML.A. Ko-
nyH-VIBaHOBOM [6], B 1-#1 MecsIT amanTaliiid MUKPOPACTEHHUS NCTIBITHIBAIOT HANOOITb-
WA BOJHBIN CTPECC, KOT/Ia HaOIF0Ial0TCsl MAKCUMAJIbHBIC MHTCHCUBHOCTD TPAHCITH-
palym, CKOPOCTh BIIArOMOTEPH U BOAHBIN NEe(DUIIUT.

[ToaToMy HEOOXOIMMO YUHUTHIBATH BCE (DAKTOPHI, KAK BHYTPCHHUE, TAK U BHEIII-
HUE, BIUSIONIME Ha aJIalTallHi0 PacTeHUH-pEreHepaHTOB Oepe3bl ex Vitro: BO3pacT,
pa3Mepbl U COCTOSTHUE PAaCTeHHI MepeN BHICAIAKON B TOUBY, CyOCTpaThl s ajarTa-
[IUU KJIOHOB, MX TEHOTUITUYECKHE 0COOEHHOCTH U Ap. OTMeUaeTcs, 4To sl yCIeml-
HOTO TIPUCIIOCOOJIEHUS PACTEeHUH-PETEHEPAHTOB K YCIOBUSAM exX Vilro MX TIOATOTOBKA
JIOJDKHA HAUMHATHCA in vitro [8, 25].

[To pesynpraTam HaIMX TPEABLAYIIMX MHOTOJIETHUX UCCIIEAOBAHUH 110 MOJIe-
mupoBanuto conesoro crpecca (NaCl, Cd(NO,),) in vitro y pa3HbIX BUIOB U THOpU-
JIoB Oepe3bl OBUIN OTCEICKTHPOBAHBI HAN0OJIee YCTOMYUBLIC JTHHUN [22].

Lens HacTosIIIeH pabOTHI — BEISIBJICHHE 0COOSHHOCTEH aanTariy K YCIOBUSIM
ex Vitro OTCENIEKTUPOBAHHBIX Ha TOJIEPAHTHOCTh K 3aCOJCHUIO XJIOPUIOM HATpUs U
HUTPATOM KaJIMUSI PETeHEPAHTHBIX JIMHUN Oepe3bl.

Obwvexmul U Memoowvl UCCILe008AHUS

MarepuanoMm JUIsi UCCIIEOBAHUS CIY)KWIH 3 paHee OTCEIICKTUPOBAHHBIC B
KYIBTYPE in Vitro coNeyCTOWIUBBIC TUHUU Oepe3bl mymucToi (B. pubescens Ehrh.,
3n/t), Oepessl kapenbcekoii (B. pendula Roth var. carelica (Mercklin) Himet-Ahti,
HO/1) u 6epeswr manexapnwiickoit (B. pendula f. ‘dalecarlica’ (L.f.) Schneid, R2/T),
MoKa3aBIlie KOMIUIEKCHY10 yeTtorunBocTh K NaCl u Cd, a Takike MX UCXOJHBIE KIIO-
Hel (311, FO, R2) u3 xomnexun in vitro BcepoccuiicKkoro HayqHO-MCCIIeI0BaTEbCKO-
IO MHCTUTYTA JICCHOW TEHETUKH, CEICKITUN U OMOTEXHOJIOTHH [7].

HcxonHple KOJUICKIIMOHHBIE KIIOHBI XPaHWIW IyTeM CYOKYJIbTHBHPOBAaHUS
1 pa3 B 5-6 Mecsi1eB pu CTaHAAPTHBIX yciaoBusx (16-dacoBoit GoTorepuon, Temrie-
parypa — 25-26 °C, ocBemeHHOCTb — 2,0 KJIK) Ha OCHOBE MposIn(epaluy ma3yIHbIX
MepucTeM. J[J1s XpaHeH!s 1 KIIOHATHbHOTO MUKPOPa3MHOKEHHS HICXOIHBIX U OTCEIEK-
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TUPOBAHHBIX PACcTEHHH TPUMCHSIIM MOAH(DUIIMPOBAHHYIO HAMU OE3rOpMOHANBHYIO
nuTareiabHyto cpeay [11, 15]. B kauectBe 6a3oBo# mcmonp3oBaiu cpeny Mypacure
n CKyra c TIOJIOBUHHBIM coepkanneM Makpoconei (2 MS) [23] u cHmKeHHOH (110
10 r/n BMecTO cranaapTHbx 30 /1) KOHLIEHTpalKel caxapo3bl. Ha atane xpanenus
KyJIBTYp B Cpelbl JO0aBISIIN aKTUBUPOBAHHBIN Yok (2 %), a I T0ITOCPOIHOTO
XpaHeHus: Opanu Ouonoruueckue npodupku (21200 MM), B KOTOpBIE BBICAXKUBAIN
o 1 mukporodery. MUKpouepeHKOBaHNE PACTEHUI OCYIIECTBISUIA B KOHHYECKUX
KoJI0ax, BMeCTUMOCTHIO 150 Mi1, 10 3—5 MHKPOIIOOOB B KaXkKIIOH.

Cxema oT0OOpa in vitro o yCTOHYMBOCTH K 3aCOJICHHIO MTPEICTaBIICHA B HAIICH
myOnmkanuu [22] ¥ OCHOBaHA Ha WCIIONB30BAaHUM 2 MOJETHHBIX OHOTECT-CHCTEM:
CHavaJia KOJUICKIIMU KJIOHOB Oepe3kl in vitro (KyJabTypa MEKPOIIOOETOB), a 3aTeM CTe-
OJeBBIX KaJUTyCHBIX KYJIBTYD, TIOTYYEHHBIX OT HanOollee YCTOMYMBEIX K 3aCOJIICHUIO
MHUKPOKIIOHOB. CeneKknuonHas padora 0a3upoBaiach Ha T€HETHIECKOM pa3HOOOpa-
3MU KJIOHOB, BXOJSIIMX B COCTAB KOJUICKLIWH, M MHIYLUPOBAHHON KJICTOUYHOH reTe-
POTEHHOCTH KaJTyCHBIX KYJIBTYp, a TaKKe 0TOOpe Hanbojee yCTOMYNBEIX pacTeHUi
C MPUMEHEHUEM CEIIEKTHBHBIX MUTATENLHBIX Cpell, BKIIOUAIOIINX XJIOPUA HaTpHUs
(0,2-1,0 %). OroOpanuble TosepanTHBIE K 3acoieHuto NaCl nuHuu 6epesbl Jono-
HUTEJIBHO HCTBITHIBAIM Ha CIIOCOOHOCTH MEPEHOCUTH BO3/ICHCTBHE KaJIMUsI B BUJIC
asotHokucnoi conu Cd(NO;), B konnenTpanuu 104 M.

MukpopacTeHHs: NEpBOHAYAIBHO KIIOHUPOBAIU i1 Vitro B sTHBape—MapTe 10
HE00X0OMMOT0 KoiruecTBa (He MeHee 50 pacTeHHid Ha JIMHUIO) U OLICHUBAJIN KO3(}-
(UIIMEHT MYJIBTHIUTHKAITIN (KOJTHISCTBO MUKPOUEPEHKOB OT 1 mobera), pocT mobe-
TOB B BBICOTY, OOIIYI0 JUIMHY KOpPHEH (CyMMapHYIO JJTHHY BCEX KOpHEH 1 pacTeHus)
Y UX KOJIMYECTBO B CPABHEHUH C UCXOIHBIMH KJIOHAMH. DTO TI03BOJISET OTPEICTUTh
3 PEKTUBHOCTH UCIIOIB30BaHMUSI OTOOPAHHBIX JIMHHUHN JIJISI MACCOBOTO Pa3MHOXKEHHUS,
MPOBEPUTH KAYECTBO MOCAI0YHOT0 MaTrepuana in vitro.

BripamiBaane oTceneKTHPOBAHHBIX JTHHHNA Oepe3bl B YCIOBUAX ex Vifro Tpo-
BOJIMIIM B 2 aTamna: | atanm — aganTaius pacTeHUH B IUIACTUKOBBIX KOHTEHHepax (B
ycroBusix Jaboparopuu, Teruuipl); 11 atan — mopaniBanme Ha TpsIIKe B TETLTUIIE.

OnHOMECSIUHBIE in Vitro-paCTeHHs BbICAKMBAIH B KOHTEHHEpbI, BMECTUMO-
cTbio 1 71, 3anonHeHHble cyocTpatom, o 10 pactenuii B Kaxablid. Jng MuHnMU3a-
MU BOJHOTO CTpecca Tepes MOMEIIEHHEM B MMOYBEHHBIN CyOCTpar OCYIIECTBIISIIH
«BO3AYIIHYIO 3aKalKy» (a3paluio) paCTCHUH B OTKPBITHIX KYJIBTypaIbHBIX COCYIaX
B TeueHne 2—3 CyTOK Ha cpejie ¢ jobasienuem 1o 1,0 M1 TCTHIITMPOBAHHON HECTe-
PHIBHOM BOIBL. J{JIst CHYDKEHNSI IOBPEXKICHHS KOPHU HE OTMBIBAJIM OT arapa.

OnennBanyu 2 cxeMmbl ajantanuu (anpeiab—Mai): A) pacTeHHUs BBIpaIIHBaliu
B ycioBusAx jabopatopuu (B KOHTEHHepax) B TeueHHe 28 CyTOK C IMOCIEAYIOIeH
BBICAJIKOM B 3aKPBITHII TPYHT TEIUTUIIBI; b) KOHTEeliHEpHBIC PACTEHUS BBIACPKUBAIN
14 cyToK B yCloBHSAX Jlaboparopud, 3aTeM 14 CyTOK B TEIUTHIIE W BHICAKHBAIHA Ha
IPSAKY B TeIUUIy. McnbIThiBasd 4 THIIA CyOCTpaToB, MPUTOTOBJICHHBIX HA OCHOBE
topda u nepnuta B cootHomernn 3:1. OcHOBOM cyOcTpara CITy>KHIN TOTOBBIE TOP-
(OrpYHTBI POCCHHCKOTO MPOM3BOJICTBA C PA3IMYHBIM COJICp)KaHUEM MHHEPAIbHBIX
no0aBoK: BepxoBol HelTpanu3oBanHseiid Topd (OO0 PTK, Mocksa); pH — 5,5-6,5;
BepxoBO# HenTpanm3zoBaHHEIA Topd «IIpemmym» (OO0 «Arpo Topd JIT/», [Ickos-
ckas 0071.) ¢ conepkanuem (Mr/kr) He meree: azora — 100, pocdopa — 9 u kanus — 10,
pH — 5,5-6,5; TopdorpyHT yHHBepcanbHbIH («DKopocT», MockoBckast 00:.), co-
CTOSIIMI W3 TOopa BEPXOBOTO, IECKA, MYKH HW3BECTHSKOBOH, C COAEpKaHHEM
(mr/kr) He Menee: azora — 300, pocdopa — 200 u xanus — 350; pH — 5,4-6,6; Topdo-
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rpyHT «®Packo» (OO0 «Dacko», MockoBckast 001.) u3 Topdha BEpXOBOTO U HU3UH-
HOTO, TIeCKa, MyKH U3BECTHSKOBOH, C cofiepkaHneM (MI/KT) He MeHee: a3ora — 350,
dochopa — 400 u xamms — 500, pH — 6-7.

[NoBeimennyto BraxHocTh (80—90 %) obecrieunBamy yKPBITHEM TIEPECaXeH-
HBIX B CyOCTpaT pacTeHHH IpyTWM IPO3padyHbIM KOHTEHHEpOM TOTO JXe o0beMa.
Uepe3 7-10 cyTOK YKpBITHE CHMMAIW, CHIDKAs BIAKHOCTHh BO3MyXa JO 3HAYCHHMA
OKpY KaloLlIel Cpelbl U BhIICPKUBANIU IIpU ocBemeHHoctu 1,0—1,5 kik, 16-yacoBom
dotomepuone, Temneparype 18-23 °C. Yepes 28 CyTok amanTallii BCE PacTCHIUS
BbICOTON 8—10 cM C XOpOIIO pa3BUTON KOPHEBOW CHCTEMON MUKUPOBAIN B CEPEIU-
He Mas B TPYHT TEIUTUIII JIETHErO THIIA, TIOKPHITOH MmoinMKapOoHaToM (OCBEIIEHHE
eCTeCTBEHHOE, 0e3 TyMaHO0Opa3yrolleil yCTaHOBKH), T UX AopamyBanus. Cocras
rpyHTa: Top(, mousa, necok B cootHomeHuu 1:1:1. Pazmemenue pacrenuii — 100 mrT.
Ha 1 M2 ¢ MmexaypsnbeM 10 cM, Mex Ty pacTeHussMu B psagy — 10 cm.

Peakunto pacteHnii Ha ycJOBHA ex vifro ONPEAENsIM Ha BCEX 3Tamax ajar-
TaIlM¥ MTOCJIE BBICAJKU B MOYBY. YUHUTHIBAIHN MPIKABAEMOCTD (JIOJIS TIPIKABIINXCS
pacTeHuii Mo OTHOLICHHUIO K YHCITY BBICAXKEHHBIX ), POCT U Pa3BHTHE MOOETOB U KOP-
HEBOW CHUCTEMBI TIPH Pa3HBIX CXeMax aIalTalliy, UCTIOIh30BaHHBIX cyOcTparax. Bee
9KCIIEPUMEHTHI MPOBONIH B 2-KPaTHOM MOBTOPHOCTH, KaXK/1asl U3 KOTOPHIX (pereHe-
paHTHAs JIMHUS, UCXOIHBIN KIIOH) BKJIouana mo 20 pacTeHuil.

Cratuctudeckyto 00pabOTKy JaHHBIX OCYIIECTBIISUIM C TOMOINBIO TaKeTa
nporpamm Stadia 7.0 Professional (InCo, Poccust). [y cpaBHEHMsI BLIOOPOK UCIIONb-
30BasM t-KpuTepuit CThIOICHTA.

Pesynomamul uccnedosarnus u ux oocysicoerue

Muxkpouepenxosanue omcenekmuposanubix IUHUL (N0020MOSUMETbHbIL YMAan
in vitro). KnoHupoBaHHBIC i1 Vitro 00pa3Iel TUHUH 0epe3bl (HOpMHUPOBATH HOPMAITh-
HBIH MOP(OTHIL, XapaKTePHU30BATHCH aKTUBHBIM CIOHTaHHBIM pr3orene3oM (10 100 %
YKOPEHEHHBIX PAaCTeHHIA) M XOPOIIMM POCTOM (TadI. 1, cM. pHCYHOK).

Tab6uuma 1

MopgomeTpuyecKkue moka3aresin 2-MecAYHbIX pacTeHHii 6epe3bl mociae
MHKpPOYepeHKOBaHMs HA 0e3ropMOHAIBLHON NUTaTeJbHOI cpeae 2 MS
The morphometric parameters of 2-month-old birch plants after micrografting
on a /2 MS hormone-free nutrient medium

Kion, muawmst | Beicota mo6eros | O6miast mmuHa | Koauuectso Wl Koaddurment
(h), cm KOpHEH, CM KOpHEH, IIT. MYJIBTUIUTUKAIAN
Hcxoonvie kol

3n 9,0+0,13 9,8 £0,04 3,6 £0,33 0,92 7,6 0,11

10 8,4+0,17 10,8 £ 0,21 3,3+0,33 0,82 6,6 £0,07

R2 8,8+0,21 12,0+ 0,22 43+0,13 0,73 6,3 +0,09
Cpeonee 8,8+0,14 10,9+ 0,17 38+0,17 |0,82+0,21 6,8+0,15

Pecenepanmuvie aunuu

3n/T 9,5+0,10" 13,2+0,17 8,3+0,13 0,72 7,3+£0,26

10/ 8,9+0,21 11,4+0,11 7,3+0,33 0,78 6,1 £0,22

R2/T 9,1 +£0,10 10,6 + 0,08 6,7+ 0,25 0,86 6,5+0,19
Cpednee| 9,2+0,18" 11,7+ 0,18* | 7,4+0,17 | 0,79+ 0,01 6,6 +0,13

[Ipumeuanue: IpencTaBiaeHsl ycpeiHEHHbIE JaHHBIE 3 IIUKIIOB YePEHKOBAaHU. “Pa3nuuus ¢ HCXOHBIMU

KJIOHaMH (KOHTPOJIEM) CTaTHCTHIeCKH 3HaunMbl 1ipu P < 0,05; ** — mpu P < 0,001.
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Drarbl a1alTaly K YCIOBUSM exX Vitro pacTeHUH-PEreHepaHTOB, YCTOMYHMBBIX K 3aCOJICHUIO
(NaCl, Cd(NO,),): a — onbITHas NapTUs CONEYCTONUUBBIX KJIOHOB Oepessl in vitro; 6 —
YKOPEHEHHOE MUKPOPACTEHHUE; 6, 2 — aJIalTalls B YCIIOBUSIX JIAOOPATOpHH; O — ajarTanus B
TEIUTHLIE; e, J/C — OCa0YHbII MaTeprai 1-ro roga BereTaluuu
The stages of adaptation to ex vitro conditions of regererated salinity-resistant (NaCl,
Cd(NO,),) plants: a — pilot batch of salt-resistant in vitro birch clones; 6 — rooted microplant;
8, 2 — adaptation under laboratory conditions; 0 — adaptation in a greenhouse;

e, oic — planting material of the 1st year of vegetation

O0pas3iibl TaKXKe JEMOHCTPUPOBAJIH BBICOKYHO COXPAHHOCTH (B cpenHeM 92,7 %
yepes 2 Mecsla KyJIbTUBUPOBaHUS ¢ BapbupoBaHueM oT 89,3 1o 99,3 % y pasHbix
JMHUAN) U PEereHepanoHHYI0 aKTHUBHOCTh (KO3()(UIIMEHT MyIBTUILUIMKAIIMK COCTa-
BuI 6,1-7,3), 4TO CONOCTABUMO C MTOKA3aTENSIMH HCXOAHBIX KIIOHOB (COXPaHHOCTb —
85-92 %, xoa¢ddunmeHT MyIbTUIUTAKAINT — 6,3—7,6).

He ormeueno nucbananca Mexay JIMHEHHBIMU pa3MepaMi HaA3eMHON YaCTH
no0era u ero KOpHeBoii cucteMoid. COOTHOIIEHUE BBICOTHI 1100EroB 1 0011ei (cym-
MapHOMW) JJIMHBI KOPHEW OTCEJIEKTUPOBAHHBIX JIMHUN U MX UCXOJHBIX KJIOHOB CO-
craBuin coorBercTBeHHO 0,82 1 0,79. B 000ux ciywasx in vitro GopMupoBanuch
KOpPHHU 1-TO MOpsiIKa, OTXOISIINE HEMOCPEACTBEHHO OT 0a3aJlbHON YacTH MHKPO-
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nobera. [Ipu 3ToM cpenHee KOTUUECTBO KOPHEH y JTMHUM ObIIIO B 2 pasa BbIIIE, YEM
Y MCXOIHBIX KIOHOB (7—8 1 3—4 1IT. COOTBETCTBEHHO). Takasi MHOTOYHCIEHHOCTh
(MOUYKOBATOCTbH) KOPHEH YBEIMUNBACT UX BCACHIBAIOLIYIO IOBEPXHOCTh, YTO MOXKET
o0ecrneunTs JTydllee MOTIONEHHE BOABI U MUTATEIBHBIX BEMIECTB TOCTE BBICAIKN
pacTeHui B MOUBEHHBIN cyOcTpar. EcTb JaHHbBIE, YTO HU3KOE COOTHOILICHUE IMHBI
«TO0ET:KOPEeHbY, T. €. MEKy TPAHCIUPHUPYIOLIEH U MOTNIONIAI0NIe TOBEPXHOCTSI-
MH y CESHIIEB CIOCOOCTBYET MocieayouemMy 0ojee ObICTPOMY POCTY KOpPHEH U
Jydineil BBDKHBa@MOCTH PACTEHHM NMPHU MX IMepecajke B yCIOBHS BOAHOTO Aedu-
uuta [14].

Takum 00pa3om, Ha MUTATEILHON cpelie 0e3 TOPMOHOB MUKpOIIOOeru Oepe3sl
MMENH XOPOIINi POCT, HOPMAaJIbHOE Pa3BUTHE, BHICOKYIO PU30T€HHYIO aKTUBHOCTD,
YBEJIUYEHHOE (110 CPABHEHMIO C MCXOIHBIMU KJIOHAMHU) KOJIMUECTBO KOpHEH 1-ro mo-
psinka. Cienyer OTMETHTB, YTO UCCIIEIOBATENH AJIsl YKOPEHEHHUSI MUKPOIIOOETOB HC-
MOJIB3YIOT MUTATEIbHbIE CPEAbl C TOPMOHAMH ayKCHHOBOM npupoxs [ 10, 18]. B pabote
B.N. Jlemenko u ap. [4] oTMewaeTcs, 4TO mpolecce pu3oreHesa, Mop(GoIorus U CTpyK-
Typa KOpHEH B 3TOM CITydae 3aBUCST OT THIIA U KOHIIEHTPAIMX ayKCHHA, a YKOPEHEH-
HbIE 6€3 ero MPUMEHEHHs TOOeTH JydIlle MPHKUBAIUCH ex Vitro. B skciepumenTax ¢
TPHUTIIOUTHON OCHHOM HaOIoaIach 3HAYUTENbHAS JUCTIPOTIOPITNS Y pacTeHUH-pe-
reHepaHTOB (HaJ3eMHas yacTb B 2 pas3a mpeolianaia Haj KOPHEBOM CHUCTEMON),
YKOPSHCHHBIX Ha MUTATEIBHON Cpejie ¢ MHAONMIMACIIHON KucinoToi (0,5—1,0 mr/m)
[10]. Jlmst mOBBIIIEHUS TPHKUBAEMOCTH TaKUX PACTEHUI aBTOPbI PEKOMEHIYIOT Iie-
pen BBICAIKOM B MOYBY MPOBOAMTH JEKAMTALIMIO BEPXYIIEYHOTO Mo0era ¢ ocTasiie-
HUEM 2 MEXIO0y3JIUil, YTO MOKET CTUMYJIMPOBATh Pa3BUTHE MAa3yIIHBIX 110OETOB U
[IPUBECTH K MHOTOCTBOJILHOCTH. DTO HOTPeOyeT IOMOJHUTENBHOTO 3Tana no ¢op-
MHUPOBAHHUIO Ca’KeHLA C | CTBOJIOM, YTO YCIIOXKHSIET M YAOPOXKaeT BhIpAIIUBAHUE T10-
CaJI04HOT0 MaTepuaia.

Jl1s1 cpaBHEHUs, HAIlIK IPEJBITyIIME UCCIIEOBAHMS TOKA3aJIl, YTO CIIOHTaH-
HOE YKOpEHEeHHEe MHUKPOIIOOETOB Ha MUTATENbHBIX cpefax 0e3 TOPMOHOB IPUBOIH-
710 K (pOPMUPOBAHUIO PONOPLHUOHAIBHO Pa3BUTHIX PEI€HEPAHTOB OEPe3bl, TOMOIS
1 OCHHBI, IPUTOAHBIX AJIS BBICAJKHU B 1OoUBY. [Ipryem pacTeHuns Xopouo npuxuBa-
much B mouse (70—100 % B 3aBUCUMOCTH OT T€HOTHUIIA) TIPU UX «IPSIMOI» BBICAIKE,
T. €. U3 KyJIBTYPBI in vitro cpa3y B HECTEpHIbHBIN TpyHT Teruuisl [11]. Orpannun-
BalOUIMM (PaKTOPOM HCIIONB30BAHHS TAKOTO MpHEMa SIBIISIIOTCS PE3KHE TemIiepa-
TypHBIE MTepenaibl B Hadale BEreTallMOHHOTO Ce30Ha (anmpeib—Maii), 9T0 OKa3bIBaeT
CYLIECTBEHHOE BIMSIHHME HA alalTAllMI0 MUKPOPACTEHUH B 3aBUCUMOCTH OT CPOKa
UX BBICAJIKM B TEIUIMILY JIETHEro TUMa. Tak, 3HAYMTEIbHbIE CYyTOUHbIE KOJEeOaHUs
temnepatypsl (oT —0,1 mo +23,3 °C) B | gexane mast 2023 1. Ha QoHE MOBBILICH-
HOMW BIQXXKHOCTH B TEIUIMIIE MpHBead B nepBble 10 nHell mocie BhICAAKU K THde-
JIU 3HAYUTENbHON YacTH pacTeHul (IpHKUBAaeMOCTh cocTaBuia B cpeanemM 40 %).
B mepuon xe BeipoBHeHHOTO TemmeparypHoro pexkuma (II u Il gexamsl mioHs
2023 1.) mpMKUBAEMOCTH B TEIUTHIIE ObIJIa BRICOKOW U cocTaBmiia B cpeaeM 88,3 %
JUJISL pETEHEPAHTHBIX JTUHUM U 85 % AN X UCXOAHBIX KJIOHOB. 1o 3T0# mpuunne
JUISL YCTICITHOW aAanTalul pacTeHUN K yCIOBHUIM TEIUIMLBI B OoJjiee paHHUE CPOKH
HaMU Oblja MPOBEACHA UX IMOATAIHAs TIOATOTOBKA C MPEIBAPUTEIbLHON aKKIMMAaTH-
3anuei B JIa0OpaTOpHBIX YCIOBHUSIX.

Bruanue cybcmpama na adanmayuio pasmmodiCceHHuIxX in Vitro pacmenuti K yc-
Jqoeusim ex vitro. Bce HCTIBITAHHBIE CYOCTpaThl HA OCHOBE BEPXOBOTO TOpda OBLIH
MPUTOIHBI JJIsl BhIpamuBanusi oepessl (Tadn. 2). OqHako JIydiine pocT W MPHKU-
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BAaEMOCTh PEreHEPaHTOB TONYYEHBI MPU HCIONB30BaHUU TOpdorpyHTa «Dacko.
CyGctpar, cocrosmuii U3 cmecu Topdporpynta «Packo» U nepauta (B COOTHOILE-
Huu 3:1), MO-BUIMMOMY, 00€CIIeYrBall PACTEHUS MTOJHOIIGHHBIM MUHEPAIbHBIM TTH-
TaHueM, a’parueil (6aromaps MOPUCTON CTPYKType MepinuTa) U BOIOCHAOKEHHEM.
DTO MOJOKUTENHHO CKa3bIBAIOCH HA MPUKHBAEMOCTH M POCTE pacTeHuil. Bricora
28-IHEBHBIX CAXKEHIICB cocTaBmia 8,4 cM 1ipu 6,5—6,8 cM Ha OCTabHBIX CyOCcTparax,
npmwxuBaemMocTb — 99,3 % npu 76,7-83,3 % B Apyrux BapuaHTax.

TabGuuna 2

Buausinue cydcTpaTa Ha pocT U NPUKUBAEMOCTh PereHePaHTOB Gepe3bl
B HECTEPUJIbHBIX YCJIOBHSX (HA MpHMepe KJI0HA pereHepanTHOH JuHuu 31/T)
The effect of the substrate on the growth and survival rate of birch regenerants under
non-sterile conditions (using the example of a clone of the 3 p/t regenerant line)

CyOctpar Bericora caxxennes, cm | [IpmwkuBaemocts, %
Topd BepxoBoii, mepiur (3:1) 6,8 £0,09 76,7+ 1,67
Topd Bepxosoii «IIpemmym», nepmur (3:1) 6,5+0,11" 83,3+ 1,26
TopdorpyHt yHusepcanbublii, nepiur (3:1) 6,8+ 0,13 88,3+ 0,63
Topdorpysr «Packoy, nepiur (3:1) 8,4+0,11™ 99,3 £0,25™
[Mpumeuanue: Yka3aHbl JaHHbIC 1751 28-THEBHBIX PETCHEPAHTOB B YCIOBUSX Jaboparopuu. *Pasnuuns ¢
cyOcTpaToM U3 Topda BEpXOBOTO U MEPIIUTa CTATHCTHUECKHU 3HaunuMBbI ripu P < 0,01; ** — mpu P < 0,001.

Bospacm pezenepanmos nepeo evicadxoii 6 nousennwviii cyocmpam. Vceneno-
BaHMs [10Ka3aJy, YTO [UIsl BHICAJIKU B KOHTEHHEPHI IPUTOHbI PACTCHUS-PETCHEPAHTHI
Oepesbl 2 CpOKOB KYJIBTUBUPOBAHUS in Vitro, Kak |-, Tak ¥ 2-MeCsiuHbIe, pa3inyaro-
[IMecs 10 POCTY B BBICOTY: cpeaHekpymnHble (1-mecsunsle, BeicoTol 4,5-6,0 cM) n
KpyITHBIE (2-MecsuHble, BBICOTOH 6,5—8,0 cM). B 00oux ciydasix pacTeHHsS HMENH
HOPMaJIbHbIH MOPQOTHII, KPETIKUE CTBOJIMKH, OTIMYAIUCh BHYTPUKIOHOBOW OIHO-
POIHOCTHIO IO pOocTy U BBICOKOH (10 100 %) 9acToTOM YKOpPEHEHHSI. DTOMY, BO3MOXK-
HO, CIIOCOOCTBYET BBIpAIIMBaHUE MUKPOPACTEHUH B MHIUBUIYaJbHBIX COCYaX, YTO
yCTpaHseT KOHKYPEHTHOE HETaTHBHOE BIMSHHUE Ha pa3BUTHE. TeM He MeHee Ipeu-
MYIIECTBOM MCITOJIb30BAHUS |-MECSAUYHBIX PACTEHUH 110 CPABHEHUIO C 2-MECSYHBIMU
SIBIISIETCS] BO3MOYKHOCTH COKPAIIIEHHSI CPOKa KyJITUBUPOBAHUS i1 Vitro, a TaKKe yBe-
JIMYEHUS MPOJOKUTENBHOCTH 1-T0 BEr€TalMOHHOTO CE30HA ex Vitro, 4To M03BOJISET
MOJIy4aTh XOPOLIO aJlallTUPOBAHHBIN MTOCAI0YHbII MaTepral. TexHnuecKue npuemMsbl
MMUKAPOBKH |-MECSYHBIX PACTEHHUH B CyOCTpaT KOHTEHHEPOB YIOOHBI M MEHEE TPY-
JIOEMKH, YeM 2-MECSYHBIX C 0ojee JTMHHBIMU CTBOJMKAMHU U KOPHEBOM CHCTEMOH.
Kpome Toro, uem kopoue UK KyJIbTUBUPOBAHUS i Vitro, IPEAIeCTBYIONINHA aKKITH-
MaTU3alyy ex Vitro, TeM, 0-BUIUMOMY, MEHEe BBIPaKEHbI 0COOCHHOCTH, XapaKTep-
HBIC JUISI «KYJIBTYPaJIbHOTO i Vitro (PeHOTHIIA.

Bnusinue cxemvl aoanmayuu Ha pazeumue KOPHEGOU CUCIEMbL Pe2eHEPAHMOB.
[IpmxuBaeMOCTh MUKPOPACTEHHH B HECTEPUIIBHBIX YCIOBHUIX 3aBUCHUT U OT KauecTBa
KOpHEBOH cuctembl. OHa OJKHA OBITH XOPOLIO pa3BUTOM, Pa3BeTBICHHOH (C OOKO-
BBIM BETBJICHHEM) U (DYHKLIMOHHUPYIOLIEH, CIOCOOHOM K MOIIOLICHHUIO JIEMEHTOB I1H1-
TaHMS U3 IIOYBEHHOIO cyOcTpara, 00eceunBaoLel IOCIe YOI POCT U pa3BUTHE
pacTeHuii ex vitro. Uem cuibHee pa3BeTBICH KOPEHb, TEM OOJIbIIIE KOPHEBasi CHCTEMa
MMEeT 30H aKTHBHOTI'O MOIMIOIIEHHUS (PacIlONOKEHHBIX B 30HE JICJICHUS U PACTSHKEHHS
KJIETOK KOHYMKA KOpEIlKa, a TaKKe B 30HE KOPHEBBIX BOJIOCKOB) BOIABI U MHUHEpaJIb-
HBIX 371eMeHTOB [9]. Ecth MHEHUE, uTO JeeKThl padoThl KOPHEBOM CHCTEMBI pacTe-
HUI-PETeHEPaHTOB SBIIAIOTCS OJHON M3 OCHOBHBIX MPUYMH UX HU3KOM MPHKUBAEMO-
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cTH B IouBeHHOM cyOcTpare. Jlaxe 100%-Hoe yKopeHeHue Mo0eroB in Vitro He Bceraa
o0ecIieynBaeT pa3BUTHE KOPHEBOW CHCTEMBI B YCIOBHSX HECTEPHIBHOW MOUBHI [25].

Pe3ynprarsl SKCIEPUMEHTA IOKA3a/IM, YTO HE3aBUCUMO OT CXEMbI aJlalTaliuu
y pEreHepaHTOB B MOYBEHHOM CyOCTpare MpOUCXOIWIIO aKTHBHOE OOKOBOE BETBIIE-
HHUE KOpHE ¢ popMUpoBaHKEM KOpHEH 2-ro nopsaka. OQHAKO CpeaHee KOITUUECTBO
KOpHeH U 1-ro, u 2-10 mopsiika ObIJIO CYIIECTBEHHO BHIIIE TIPU BHIPAIUBAHUN KOH-
TEHHEPHBIX pacTeHH B TeueHHne 14 CyTOK B yCIOBUsIX JTaboparopud, 3ateM 14 cyTok
B Terunue. [Ipuuem Bce 3 mpoaHaIM3MPOBAaHHBIC JIMHUM CXOLHO PEarupoBajyd Ha
JlaHHbIe yciaoBus (Tab. 3).

TabOnuna 3

Cpennee (¢ ommoKoii) Koan4ecTBo KOpHe# (1T.) 1-ro U 2-ro nopsiaka y JMHHUIi Oepe3bl
TIPH Pa3HBIX CXeMax a/IaNTalii B YCIOBHSIX ex Vitro
The average (with error) number of 1st-order and 2nd-order roots in birch lines under
different adaptation schemes under ex vitro conditions

A b
Jlunust Kopuu 1-ro Kophu 2-ro Kopnu 1-ro Kopnu 2-ro
HopsAKa TOPSAIKA HOpsAKa HopsAKa
3n/T 4,6 = 0,06 13,2+0,23 7,3 +0,20" 27,8 £0,63"
O/t 4,7+ 0,08 10,8 + 0,06 5,8+0,17" 18,0+ 0,167
R2/t 5,1+0,11 10,5+ 0,12 7,0 +£0,29" 29,4 +£0,49*
Cpeonee 4,6+ 0,07 11,4+0,19 6,3+0,17" 23,8 +0,86"

[Mpumeuanue: [NouBenuslii cyocrpar: Topdorpynt «®Packo» u nepiaut (3:1). YkazaHbl AaHHBIC IS
1-MecsiuHBIX KOHTEHHEPHbIX pacTeHuil. "Pa3znuuus Bapuanrta co cxemoll ananranuu b 1o cpaBHeHuto ¢
BapUaHTOM CO CXEMOH aJanTanui A CTaTHCTHYeCKH 3HauuMBbI ripu P < 0,001.

DTO MOXET OBITh CBS3aHO C TEM, YTO IPHU BBIPAIIUBAHUK BECHOM B TEILIUIIES
JIETHETO THTIA PACTEHUS NCIIBITHIBAIOT CYIIECTBEHHBIC KOJIEOAHNS TEMIIEPATYPHI B Cy-
TOYHOM TIHKJIe (OoJiee HU3Kask HOYHAsI TeMIleparypa 4epeayeTcsi C ONTUMaIbHON HITH
OnM3KOM K HEH JIHEBHOI) 10 CPAaBHEHHIO C OTHOCUTENLHO onHakoBoi (18-23 °C) —
B maboparopun. ECTh cBeAcHUS, UTO CHIDKEHUE HOYHOU Temriieparypsl Ha 5—10 °C
CTUMYIUPYET (hOPMUPOBAHHIE KOPHEBON CHUCTEMBI i TOPMO3HUT POCT CTEOJISI B BBICOTY
[9]. Ilo narubM A.D. TutoBa u mp. [16], exKeCyTOUHO TTOBTOPSIONTHECS KPATKOBPE-
MEHHBIC HHM3KOTEMIIepaTypHbIC BO3JCHCTBUS (APOMN-BO3ACHCTBHA) MOTYT obecrie-
YUTH MOBBIIICHHYIO CKOPOCTH (DOTOCHHTE3a, CITIOCOOCTBYs OoJiee TIONHOM peanm3a-
UM aAaTHBHOTO TIOTEHIMAJIA PACTEHHH.

Kpome toro, pa3Butre u poCT KOPHEH 3aBHCAT OT COOTHOIICHUS TeMIIepary-
PBI BO3IyXa M MOYBHI B KopHeoOuTaemMoM cioe. Cornmacuo manasiM M.H. PaxTeenko
[13], Hamtydiee HapacTaHUE AKTUBHBIX (BCACHIBAIOIIUX ) KOPHEH Y COCHBI U €U Ha-
OmromaeTcst mpu Temreparype noussl 10—-12 °C, ayba u mumsl — mpu 60i1ee BEICOKON
temneparype — 15-17 °C. OnrtumanbHO# TeMreparypoii KOpHEOOUTAeMOro CIIOs
cyOcTpara JuIs IOIJIONICHHS U YCBOCHUS HOHOB, B T. 4. (hochopa, HeoOOXOAMMOTO IS
Pa3BUTHS U POCTA KOPHEBON CHCTEMBI, cunTaioT 18-23 °C.

Brusanue cxemvr adanmayuu Ha npusicugaemocms u pocm pacmeHutl 8 cpyHme
menauysl. [IpmKnBaeMOCTh pacTeHUH B TPYHTE TEIUIHIIHI OblJIa CYIIIECTBEHHO BBIIIIE
B BapuaHte b u cocraBmia B cpennem 97,0 nporus 79,2 % B Bapuante A (tabm. 4).
BeposiTHO, OoItee pazBuTas (IIpeBOCXOIAIIEe KOTHIECTBO KOPHEH 1-r0 1 2-T0 mopsij-
Ka) KOpHEBasl CHCTeMa ITPH CXeMe aJIalTalliy 1o BapuaHTy b obecrieunBaer syudriee
cHaOXEeHHEe PACTeHUI BOIOH U DIIEMEHTaMK TUTAHUS, YTO, B CBOIO O4Y€PEIb, ITOJI0KH-
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TCJIBHO CKa3bIBACTCs Ha UX HpI/ICHOCO6I/ITeJILHI)IX BO3MOXXHOCTAX ex ViZVO, B 4aCTHO-

CTH, IPUKABAEMOCTH.
TabOnuna 4

IIpu:kuBaeMoCTh M BHICOTA PereHePaHTOB Gepe3bl B TPYHTE TEIUIMIBI B 3aBUCHMOCTH
OT cXeMBbI X alanTali B KOHTeiiHepax
The survival rate and height of birch regenerats in the greenhouse soil, depending
on the scheme of their adaptation in containers

Jlunus A b
Bricora, cm [IpmwxuBaemocts, % Bricora, cm [IpuxuBaemocts, %
3o/t 25,9+ 0,20 83,3+ 1,67 36,2 +0,04* 99,9 +0,03*
O/ 31,1 £0,24 75,0 £2,50 31,7+ 0,10 99,9 + 0,05*
R2/t 259+0,49 80,0 £ 1,44 27,1 +£0,40 95,0 + 1,44~
Cpeonee 27,6 £0,41 79,2 £0,96 31,7+ 0,57 97,0+ 0,72*

[Ipumeuanue: YueT npuKuBaeMOCTH |-MeCSUHBIX KOHTEHHEPHBIX pACTeHUH IPOBOIMIM uepe3 1 Mecsil
MOCTIe WX BBICAJIKH B TPYHT TEILUIHIIBL, BEICOTHI — B KOHIIE 1-TO rofia BereTamun (CEHTOps). “Pazmmans
BapuaHTa Co CXeMOH aJanTaluy b mo cpaBHEHUIO ¢ BAPUAHTOM CO CXEMOH aIalTallul A CTAaTUCTUYECKU
3HauuMbl pu P < 0,001.

He oTmedeHo cy1iecTBEeHHBIX pa3Iuduii 10 POCTY B BHICOTY pacTeHUH OTIE/b-
HBIX JTMHUH B 3aBUCUMOCTH OT CXEMBbI aJanTally, 38 HCKII0YSHNEM JIMHUY 311/T, TAe
MIPEBBIIICHNE 110 JJaHHOMY TIPHU3HAKY cocTaBmiio 1,4 pasza B Bapuante b. OgeBunHo,
MPUKUBAEMOCTh CKEHIIEB Oepe3bl B OOJBIIICH CTEIIEHH 10 CPAaBHEHUIO C POCTOM B
BBICOTY OIIpeJIeIeHa TIOCIIeIOBATEIbHOCTRIO ATAIIOB MX aIalTalllH ex Vitro. B KoHIe
1-ro rona Bereranuy (KOHEI CEHTIOPS) B YCIOBHSIX 3aIIUIIEHHOTO IPYHTA TETUINIBI
BbIcOTa pacTteHuii (Bapuant b) B cpennem cocraBuna 31,7 cM, cpeanuit koadduiu-
eHT Bapuanuu — 12,2 %, a mocrne 2 et JopalirBaHus — COOTBETCTBEHHO 53—-69 cm
1 30,6 %, 4TO COMOCTaBUMO C pa3MepaMH MX MCXOJHBIX KIOHOB (Tabum. 5). [Tpuuem
JIMaMeTp CTBOJIMKA Y KOpHEBOM mielku y iuHui 31/T 1 FO/T OB TOCTOBEPHO BHIIIE
10 CPABHEHMIO C UX UCXOAHBIMHU KIOHAMH.
Tab6uuna 5

IMoka3aresu pocTa 2-JIeTHUX CA’KeHIEB PereHePAHTHBIX JIHHHIA Oepe3bl H X HCXOTHbIX
KJIOHOB B YCJOBHUSIX 3aIIHIIEHHOI0 TPYHTA Temanubl, 2023 .
The growth performance of 2-year-old seedlings of regenerated birch lines and their
original clones in the protected greenhouse soil, 2023

Kton, s Bricora pacrenuit JlnameTp y KOpHEBOII HIeHKu
cM | cv, % MM cv, %
Hcxoonvie knonul

3n 76,9 £4,29 26,2 4,5+0,10 10,8
1O 50,8 3,76 36,2 3,6£0,13 18,3
R2 77,5 + 3,48 21,1 4,0+0,12 14,7
Cpeonee 67,9 +2,68 32,5 4,0+0,10 16,9

Pezenepanmuvie aunuu
3n/T 69,0 + 3,88 26,4 5,4+£0,14" 12,3
O/t 66,4 +4,08* 29,5 5,2+£0,23" 21,6
R2/T 52,6 +3,22* 29.9 39+0,17 21,4
Cpeonee 62,4 +2,29 30,6 4,8 +0,13* 23,3

"Paznuuusi pereHepaHTHBIX JIMHUN C MCXOAHBIMHM KJIIOHAMHU CTATUCTHYECKH 3HauyuMbl npu P < 0,01,
*—mpu P <0,001.
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B cootBerctBun ¢ OCT 56-98-93 (OtpacneBoit cranmapt. CesHIBI U ca-
JKCHIIbI OCHOBHBIX APEBECHBLIX M KYCTAPHHUKOBLIX ITOPOI. Texnudueckue YyCJ10Bus.
VTB. u BBe/ieH B jeiicTBue mpukazoMm Pociecxos3a ot 10.12.1993 Ne 327), BeicoTa
1-2-neTHUX Oepe3 MOBUCION, KapeahCKOH U ITyIITUCTOMN B IECOCTEITHOMN 30HE TOJIK-
Ha OBITH He MeHee 20-25 cM, THaMeTp CTBOJIMKA Y KOPHEBOH IIEHKN — HE MEHEe
2-3 mm. CreryeT OTMETHTD, YTO B JOKYMEHTE TPUBEICHBI 3HAYEHUS, PEKOMEH Tye-
MBI€ JUTS CESHIIEB M CAXKESHIIEB, TOJYICHHBIX TPAJIUIIHOHHBIM CIIOCOOOM (HE B KYITh-
Type in vitro). TakuM 00pa3oM, pacTeHHUS TOJEPAHTHBIX JIMHUA UCCIEOBAHHBIX
BHJIOB Oepe3, MONyYeHHbIE 10 TEXHOJOTUH in Vitro, COOTBETCTBOBAIH pa3MepaMm
CTaHJAPTHOTO MOCAJOYHOr0 Marepuala, UMEId 3[0POBYI0O U XOPOIIO Pa3BUTYIO
KOPHEBYIO CHCTEMY, IPsIMbIC, HEITOBPEKICHHBIC CTBOJIUKH U MOJTOMY IPUTOIHBI
JUISL CO3JIaHUS UCIBITATeIbHBIX KYJIbTYP M HCIIOJIB30BAHUS JIJIS I[EJICH 3aIlllUTHOTO
JIecopa3BeeHUS.

Baxnouenue

[MpmwxuBaeMoOCTh, pOCT U pa3BUTHE MOOETOB U KOPHEBOI CUCTEMBI TOJIEPAHT-
HbIX K 3aconenuto (NaCl, Cd(NO,),) muauii 6epessl (MpoImeannx MHOTOKPAaTHBIN
COJICBOM CTpecC B KYJNBTYpE in vitro) B 1-il MecsIIl afjanTanuy B HECTEPUIbHBIX yC-
JIOBHSIX 3aBUCAT OT BO3PACTa PErCHEPAHTOB Mepes BBICANKOW B IPYHT, CyOCTpaTa
M CXEMBI ajanTaruu. J[jisi yernenHoro npucnocooIeHusl pacTeHUI K YCIOBUSAM ex
Vitro MX MOATOTOBKA JIOJDKHA HAYMHATBCS yXKe Ha 3Tare MUKpopasMHoxeHus. [lo-
Ka3aHo, YTO KJIOHHUPOBAHME in Vifro PaCTCHUHN CIeoyeT NPOBOJUTH Ha Oe3ropMo-
HaJIBHOHN MUTATEIHHON cpelle cO CHMIKEHHBIM COfep)KaHneM Makpoconei (V2 MS)
u caxaposbl (10 1/1). DTO MO3BOMUT MONYYUTH MONHOICHHO Pa3BHTHIC U cOanaH-
CUpOBaHbIE IO pa3Mepy modera 1 KOPHEBOH CHCTEMBl pPacTEHUsI-pPEreHEPaHThI, 0e3
MPU3HAKOB COMAaKJIOHATbHOW M3MEHUUBOCTH, C COXPAHECHUEM Y OTOOpAaHHBIX JIH-
HUI WHAWBHUYaIbHBIX POCTOBBIX 0COOCHHOCTEH NCXOJHBIX KJIIOHOB. YCTaHOBIICHO,
4TO ONTUMAJIBHBIMHU PCriIIaMCHTAaMU aJlaliTallui pErecHCPaHTOB 6epe3LI K YCJIOBUAM
3aKpBITOTO TPYHTA SIBIISIIOTCS: 1) BBICA/IKa B HECTEPHIIbHBIN CyOCTpaT |-MeCsSYHbBIX
(a He 2-mecsuyHBIX) pacTeHHi BbicoToi 4,5-6,0 cMm; 2) ncronp3oBaHue cyOcTpa-
Ta B KOHTEWHepe, coCTosAmero u3 cMecu Topporpynra «Dacko» (BKIOYAIOIIETO
pa3uYHbIe THIHI TOpda U MecoK, 000TAMEeHHOro a30ToM, GochopoM U Karruem)
u iepauta (3:1); 3) 2-sTamHas cxema aganTallid KOHTCHHEPHBIX pacTeHHUH o0mei
JUTHTETBHOCTBIO BhIpaniuBanus 28 cyTok (14 cyTok B yCJIOBUSIX TaOOPATOPHH, 3a-
TeM 14 cyTOK B TEIJIHIIE) C MOCIEAYIONEH UX BHICAJKOM B cepeiuHe Masl B 3allu-
[ICHHBIA TPYHT TEIUTUIIbI. BBIMOTHEHHE TIEPEUNCICHHBIX YCIOBUN TO3BOIHUT 00¢-
CIEUUTH MPHKUBAEMOCTh PACTEHUH B cyOcTpaTe 1 TrpyHTe Terumubl (10 97-99 %),
MX XOPOILIHUH POCT, MOJTHOLIEHHOE Pa3BUTHE MOOETOB M (YHKIMOHUPYIOLICH pa3BeT-
BJICHHOI KOPHEBOH CHUCTEMBI, T. €. OyleT CocoOCTBOBATh peaju3aliy alanTHB-
HOTO MOTEHLMAa TOJIEPAHTHBIX K 3aCONCHUI0 TUHUH. [lonydyeHHble JaHHbBIE AafOT
BO3MOXHOCTb YCOBCPHICHCTBOBATL MCTOAUYCCKHE PCIIIAMCHTBI MNOATOTOBKHU U
aZanTanuy YCTOWYMBBIX TUHUHA pa3HbIX BUIOB U Pa3HOBUAHOCTEH Oepessl K yciio-
BUSIM eX Vitro, BBIPACTUTh Ka4€CTBEHHBIN, CTAHIAPTHBIH 110 pa3MepaM I0CaJ0YHbII
Marcepual 1y CO3aHus UCHBITATCIIbHBIX KYJIBTYP U UCIIOJIB30BaHU I uenei/'l 3a-
HIMTHOTO JIECOPa3BEACHHUS.
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Annomayun. Ha inanTannm «ApxaHresibekas KIIF0KBay (X0IMOTOPCKUN p-H ApXaHTelTbCKOM
0071.) TPOXOJIAT UCTIBITAHUSI HECKOJILKO COPTOB KIFOKBBI O00THOM (Vaccinium oxycoccos L.)
1 ruOpuU/IbL, BeIBECHHBIE LIeHTpanbpHO-eBpoIIeiicKo JJecHO onbITHON cTanuueii (1. Kocrpo-
Ma). Llenbro uccnenoBaHus SIBASETCS CpaBHEHHE XMMUYECKOTO COCTaBa U OPraHOJENTHYE-
CKMX CBOWCTB BBIPAIIMBACMBIX Ha TUIAHTAIMHU SITOJ] PA3IMYHBIX COPTOB M JUKOPACTYIIHX.
OO0pa3upl srogx 0ToOpaHbl Ha TUIAHTAIMK U HA COceaHeM Oorote (auKopoc) oceHbio 2020 u
2022 rT. ¥ XpaHWINCh B MOPO3WIbHON Kamepe. OpraHojenTuYeckhe CBOMCTBA OLIEHUBAIN
JIETYCTallMOHHBIM METOJIOM; pa3Mep sirof onpeneieH ¢ 20 noBropeHusiMy. J1ist ycTaHOBICHUS
BJI&YKHOCTH, 30JIbHOCTH, CYMMbI OPTaHMYECKUX KHCJIOT IPUMEHHIIH OONICTIPUHSTHIC METO/IBI
aHaJM3a, KOJIM4YeCcTBa aCKOPOMHOBOM KHCIOTHI — MeTo] TuiibMaHca. CrieKTPOCKOITHIO BOJHBIX
9KCTPAKTOB sirof mposoawy B auanazone 200-800 uwm. ITo pesynasraraM BU3yalbHON OLEHKH
STOJI U U3MEPEHUS NX BEJIMYMHBI OTMEUYEHA OJJHOPOAHOCTH ILUIOJOB rubpuaa 635-V u copra
®omuu. BriaxxHocTh Beex 00pasioB moutu ofuHakoBa — oT 88,0+0,2 mo 90,0+0,1 %. 3onb-
HOCTB MOHMXKEHA, Kojieoercst oT 1,09 +0,06 1o 1,39 +£0,12 % a. ¢. B. MakcumanbHas CyMMa op-
TaHUYECKUX KUCIOT (25-26 % a. c. B.) oOHapyxeHa B sirogax copra @omud u rudbpuaa 635-V,
MUHHMaJIbHasl — B IMKopacTyux sirogax (19-20 % a. c. B.). [To coneprkanuio ackopOMHOBOIA
KHCJIOTBI TIPEBOCXO/ISAT OCTAJIBHBIC JUKOPOC M rHOpua. CHeKTpbl BOIHBIX IKCTPAKTOB SITO
OJIHOTUIIHBL. V3yueHne ocoOeHHOCTEH cocTaBa sIrojl MO3BOJISIET CUUTaTh copT DoMUY U Tu-
Opua 635-V Hanbosee MepCHeKTUBHBIMU TS JICUCOHOTO MUTAHWUSI, POU3BOJICTBA HAITUTKOB
1 KOHJUTEPCKUX U3enuil. Beicokuii 0amm opraHoNenTHUeCKUX MmoKa3areieil, BHEITHUN BUI,
OKpacka M apoMar (3armax) OTMEUEHbI Y SITOJl IMKOPACTYIIeH KITFOKBbI, OTHAKO B KAYE€CTBE BHU-
TaMHHHOTO Nperapara OHU MEHee MPHUBJICKATEIbHbI, YeM IIPOU3PACTAIOIINE B IPYTUX PETrHO-
Hax. Pe3ynbraThl HCClIeIoBaHNS COCTaBa U CBOMCTB SITO/1 TTO3BOJIIOT PEKOMEHI0BATh TJIaHTa-
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IIHMOHHOE BBIPAIIMBAHNE KITIOKBBI OOJOTHOM Ha 60/10TaX I0KHONPHOSIOMOPCKOTO THITA BBUILY
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Abstract. Several varieties of swamp cranberry (Vaccinium oxycoccos L.) and hybrids
bred by the Central European Forest Experimental Station (Kostroma) are being tested at
the “Arkhangelsk Cranberry” plantation (Kholmogorsky District, Arkhangelsk Region).
The aim of the study has been to compare the chemical composition and organoleptic proper-
ties of berries of different varieties grown on the plantation and wild ones. Berry samples were
collected from the plantation and the neighbouring swamp (wild harvest) in the fall of 2020
and 2022 and stored in the freezer. The organoleptic properties have been assessed by the tast-
ing method; berry size has been determined with 20 repetitions. To determine the moisture and
ash content, as well as the amount of organic acids, generally accepted methods of analysis
have been used; for the amount of ascorbic acid, the Tillmans method has been used. Spectros-
copy of aqueous berry extracts has been carried out in the range of 200-800 nm. According to
the results of visual evaluation of the berries and measurement of their size, the uniformity of
the fruits of the 635-V hybrid and the Fomich variety has been noted. The moisture content of
all samples has been almost the same — from 88.0 + 0.2 to 90.0 = 0.1 %. The ash content has
been reduced, fluctuating from 1.09 + 0.06 to 1.39 = 0.12 % of a. d. v. The maximum amount
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of organic acids (25-26 % a. d. v.) has been found in the berries of the Fomich variety and
the 635-V hybrid, the minimum — in wild berries (19-20 % of a. d. v.). In terms of ascorbic
acid content, they surpass other wild plants and hybrids. The spectra of aqueous extracts of
berries are uniform. The study of the characteristics of the berry composition allows us to con-
sider the Fomich variety and the 635-V hybrid the most promising for therapeutic nutrition,
beverage and confectionery production. Wild cranberries have a high score of organoleptic
parameters, colour and aroma (smell), however, as a vitamin supplement they are less attrac-
tive than those grown in other regions. The results of the study of the composition and prop-
erties of berries allow us to recommend plantation cultivation of cranberries in the swamps of
the Southern White Sea type due to its increased yield.

Keywords: swamp cranberry, organoleptic properties, ascorbic acid, organic acids, spectral
characteristics
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Bseoenue

Jiist ceBepHBIX pernoHOB Poccun xapakTepHO MIMPOKOE pacipocTpaHenue 6o-
ot [24]. X QyHKIIMOHUPOBAHHUE OMPECIISIET YKOJIOTMYSCKOE COCTOSHUE U KIIMMAT
B PETHOHAIILHOM W TIIOOANbHOM MacmTabax [16]. B wacTHocTH, B ApXaHTEIbCKON
oOsiacTu 3a00JI04€HHOCTh BapbUPYyET B pa3HbIX paiioHax ot 8 1o 50 % mo njaHHeIM
Pocpeectpa. Crnegyer oTMETUTH, UTO Ha 3TOH TEPPUTOPUU MpeolIajatoT BEPXOBbIE
0o1oTa, 3HaUNTEIbHAS YaCTh KOTOPBIX OTHOCUTCS K FOXKHONIPHOETIOMOPCKOMY THILY.

B Hactosimee Bpems ocylieHHe OOJOT CYMTAETCS SKOJIOTMYECKH HEOOOCHO-
BaHHBIM BBHJly BaXXHOCTH MX KJIMMarooOpas3yloInX, THAPOJIOTHYECKUX, Ta30pery-
JIATOPHBIX U OMOTHYECKUX (PYHKIHHA. B ecTeCTBEHHOM COCTOSHUH 3a00JI0YCHHBIC
TEPPUTOPHH MAJIOTIPUTOAHBI AJISI BEJCHUS TPAJAWLIHOHHON CEIbCKOXO3SMCTBEHHOM
nesitenbHOCTH. OTHAKO MTPH 0COOBIX TIOIX0/JaX UX BOBJICUCHHUE B IPOU3BOJICTBEHHBIH
000pPOT MOXKET OBITH TO0CTATOIHO 3(P(HEKTHBHBIM.

Coxpanenue 3a00104€HHBIX JaHAMA(TOB B COCTOSHUH, OIM3KOM K IPUPOTHO-
MY, ¥ TIOJTy4€HHE TOBAPHOH MPOIYKIUH OOCCIIEUNBACT TaK HA3bIBAEMOE MOKPOE, HIIH
6onotHoe, 3emnienenue (Paludikulture) [ 19]. OHo ipexycMaTpuBaet cOOp TUKOPOCOB U
KyJBTUBUPOBaHUE OOJIOTHBIX SITOJI, JIGKAPCTBEHHBIX PACTEHHI, C(DarHOBBIX MXOB H JIP.
[25]. Beicokas 3200104€HHOCTh ApXaHTeIbCKOM 00IaCTH M OOIIMPHOCTH HEUCTIONB3Y-
€MbIX TEPPUTOPUIl B COBOKYIIHOCTH € CYPOBBIMU KINMATHYECKUMH YCIOBHSIMH OIpe-
JIETSIFOT MHTEPEeC MECTHBIX MpeANlpUHUMAaTeNei K O0IoTHOMY 3emiieaenuio. B yact-
HocTH, B 2012 . B X0JIMOTOPCKOM paifOHE OPraHW30BaH KOOTIEPATHB «ApXaHTeJbCKas
KJIFOKBa», 3aHUMAIOLIMICS BBIPAIMBAaHUEM KIIIOKBBI 00JI0THOH Vaccinium oxycoccos L.
[5], nedaTeNbHOCTh KOTOPOro KypupyeT (uman Becepoccniickoro Hay4HO-MCCIIeI0Ba-
TEJIHCKOTO WHCTHUTYTA JIECOBOJCTBA M MEXaHM3AIMH JIeCHOTO X03sticTBa (BHUNJIM)
LenTtpansHo-eBpomneiickas necHas onsitHas cranuus (LIE JIOC, r. Koctpoma).

Haunnas ¢ 2014 . Ha ONBITHOM TUTOMIAJIKE B MTpejiesiaX BepxoBoro donora Ju-
KO€, OTHOCSIILIETOCS K JOMUHHUPYIOLIEMY B PETHMOHE HXKHOIIPUOETIOMOPCKOMY THILY,
MIPOBEJCHBI UCTIBITAHUS PA3JINUHBIX COPTOB KIIIOKBBI OOJIOTHON POCCHICKON Celek-
uuu: lap Kocrpomsl, Kpaca Cesepa [28], ®omuu u rudpun 635-V. Copra [lap Ko-
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crpoMmbl 1 Kpaca CeBepa 3anarenroBansl B koHIile 90-x rr. BHUNJIM. Copt ®omuy
SIBIISIETCS] OXPaHIEMbBIM CEJICKIIMOHHBIM JToCTIkKeHneM. [ ubpun 635-V — pesynbrar
cenexkuun LIE JIOC, ponutensckue Gpopmbl — KIIFOKBA OOJIOTHAS M KIIIOKBA KPYyII-
HOTUIOJHASI — MPOXOJUT COBMECTHBIE COPTOMCIBITAHUS HA ydacTKaxX KOOIEepaTHBa.
JlJ1 IpOMBILITIEHHOTO KyIbTUBUPOBaHMA BbIOpaHb! copra ®omuy, Hap Koctpomsl u
rudpug 635-V.

Wtorn 10-neTHei neATeTbHOCTH KOOTIepaTHBa « ApXaHTeIbCcKas KITFOKBaY yKa-
3bIBAIOT HA PEHTA0EIbHOCTh PACIIPOCTPAHEHNUS 3TOTO ONbITA Ha BCIO 001acTh. OnHa-
KO TMPO/IBMKEHUE TEXHOJIOTHI OOIOTHOTO 3eMIICACTHS B PETHOHE OTPAaHIUESHO PSIIOM
¢axropos. Hanpumep, nepcrekTuBbI HCIOJIB30BAHUS [10Iy4aeMOM IIPOYKIIUHU OIIpe-
JEIISIIOTCSI €€ CBOMCTBAMHU M COCTaBOM, KOTOPhIE BO MHOTOM O0YCJIOBJICHBI yCIOBUSI-
MU MPOU3PACTAaHUS U COPTOBOH NMpHUHa Ie)KHOCTHIO [15, 21].

B nuteparype ecTtb OThenbHbIE IyOIMKALUM, ITOCBSIICHHbBIE XapaKTepHCTH-
K€ SIF0J] KIIIOKBBI, KaK JUKOPACTYILIEH, Tak U KyIsTUBUpYyeMoil B 3anaaHoil u Cpen-
Helt Cubupu, Jlenunrpasckoi obnactu, pecnyonuke Komu, benopyccuu u np. [2, 3,
13-15, 22]. Ha LHE JIOC co3nansl 7 poCCHHCKUX COPTOB KITIOKBBI OOJIOTHOM: AJas
3anmoBenHas, ap Koctpomsl, Kpaca Cesepa, CazoHoBckasa, Cesepsanka, CoMUH-
ckast, XoraBenkas. [IpoBeneno cpaBHenue copra Kpaca CeBepa ¢ KpyMHOIUIOAHON
KITIOKBOW COpPTOB aMepuKaHckoil cenexiun Ben Leer, Mac Farlen, Piligrim, Stevens
B ycioBusAX MockBsl [6, 23]. BeiBeieHO HECKOJIBKO POCCHHCKUX COPTOB KIIIOKBBI
KpymnHortogHoi: Pybunosas pocceinb, TaexxHas kpacaBuila, YepHas paHHsas u jp.,
OJIHAKO MO 3UMOCTOHKOCTH OHH YCTYHAIOT KITIOKBE OOJIOTHOM.

OmnucaH ONbIT IUIAHTAIIMOHHOTO BBIPALIMBAHUS KIIOKBBI B YIMypTuH, B Hik-
Hem Hogsropoze [9, 10]. YkazaHo, 9To 70X0J] OT SKCIUTyaTanyu 1 ra KIITOKBEHHHUKA Ha
BEPXOBOM 00JIOTE 3a TOA B 5—7 pa3 MPEeBBIIIACT A0XO] OT IPEBECUHBI, HOITy4aeMOH 32
BeCh 000POT PyOKH B aHAJIOTMYHBIX YCIOBHIX npouspactanus [12]. s ApxaHreib-
CKOW 00JIACTH 3TOT BOMPOC OCTANCA O€3 paCCMOTPEHHH.

VYpokalHOCTh KJIIOKBBI B 3HAYUTEIBHOW CTEIEHH ONpPENesieTCs MECTOM
npouspactanus. [y ApxaHrenbckoi obnactu, kak ykassiBaeT A.D. Uepkacos [27],
CpenHsIsl YPOXKAHHOCTh KITIOKBBI 00JIOTHOH (mukopoc) coctamisier 120—-140 kr/ra u
MakcuManbHas — 250-300 kr/ra. Cpeguuii yposkai sirof KOCTpPOMCKHX COPTOB KITFOK-
BBl Ha y4acTKax paBHsiercst okoso 10 1/ra [26].

Omny0OnuKkoBaHBI PE3yJIbTAThl UCCIEA0BAHUN MHTPOLYKIINH HECKOIBKUX HOBBIX
COPTOB KIIIOKBBI 00s10THOM B Hikeropoxackoit obnactu [12], mpogeMoHCTpUpOBaB-
[IME WX MOBHIIICHHYIO ypoxXaiiHoCTh. B padorax [9, 17] oTMedeHo, 4TO MI010HOIIIe-
HHE W3yYCHHBIX COPTOB KIIFOKBBI KPYITHOIUIOAHOHN HA IUIAHTALUU B YAMYPTHU OTJIH-
YaeTcsi CTaOMIBHOCTBIO.

SIrozp! KITFOKBBI 00JIQIAI0T PSZIOM TOJIe3HBIX cBOMCTB [20]. Hanmpumep, kpyr-
HOIUIOZHAsI aMepUKaHCKasl KiItokBa (Vaccinium macrocarpon) UCNONB3yeTCsl B IHU-
IICBBIX J100aBKaX C IIENIbI0 YIYYIICHUS COCTOSHHSI MOYEBBIBOASINUX ImyTeit [31].
B nmocnennue ronsl B EBpore mMOCTOSIHHO pacTeT Cpoc Ha J0OAaBKM HA OCHOBE Ha-
TypaibHBIX MPOAYKTOB [32], mponaxu MpUOIIKAIOTCA K 7 MIpA eBpo B roxa [29].
B wactHocTH, UTanus 3aHMMaeT Iuaupylonire no3unun B EBpore mo norpediaeHunio
MUIIEBBIX T00aBOK PacTUTEIHLHOTO TporucxokaeHus [30]. AHTHOKCHIaHTHBIC CBOM-
cTBa ()CHOJIBHBIX KOMIIOHEHTOB 3KCTPAKTOB KIJIIOKBBI ONHMCAHBI OTEUECTBEHHBIMU
[2, 3, 7] u 3apyOexubiMu [33] aBTOpamu.

JIs KITIOKBBI, BRIpAIIEHHOW Ha IJIAHTAIWY, HE pa3padoTaHbl PEeKOMEHIAINH
110 3 PEeKTHBHOMY HCIOJIB30BAHUIO B CBSI3U C HEOCTATKOM JaHHBIX. Llenbto nuccre-
JIOBaHMSI SIBJISIETCS CPABHEHNE XMMUYECKOTO COCTABa U OPraHOJIENITHYECKUX CBOMCTB
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SITOJ KITFOKBBI 00510THOM (Vaccinium oxycoccos L.) pa3indHbIX COPTOB, BhIpalliBac-
MbIX Ha TUTAHTAI[UU B ApXaHIeJIbCKOM 00JIACTH, U IMKOPACTYIIUX Ha 00JIOTE TOTO Ke
FOXKHOTTPUOEIIOMOPCKOTO THIIA.

Obvexmbl u Memoowbl UCCAEO08AHU

OOBEeKTaMHU UCCIIECAOBAHUS CITY)KHIIN SITOMIBI KITFOKBEI OOJIOTHOM 2 COPTOB, 3a-
PEKOMEH/IOBABIINX cedsl Kak HanOoJiee MPOAYKTHBHEIC B YCIOBUSIX ApPXaHTelbCKOH
obnactu — Jlap Kocrpomsr n Kpaca Cesepa, a Takxe sronsl copra @omud u rudbpu-
na 635-V. B kauectBe 00pa3moB sl CpaBHEHUS (KOHTPOIb) UCIIOIB30BAIN TIPOOBI
STOJ TAKOPACTYIIEH KITFOKBBI, ITPOM3PACTAIOIIEH Ha MPHUMBIKAIONIEM K TUIAHTAIlUU
ydacTKke OOJIOTHOTO MaccuBa, HE MOJABEPKEHHOM ACHCTBHIO MEIMOPAIUU COTTIACHO
nmauHbM (https://hevf.ru/ru/maps/hevi-arkhangelsk). COopbI OCYIIECTBIISIIN B KOHIIE
cenTs0ps 2020 u 2022 T

Mecto ot6opa — 6omoto dukoe (64°06'11" c. mr. 41°035'48" B. 1.), TuTadTa-
IS SITOJTHOTO KOOTIEpaTHBa « APXaHTEeNNbCKas KITFOKBAY, — XapaKTEPHBIH JIJIsl pETHOHA
BEPXOBOH OOJOTHBIM MacCHB IKHOMPHOETIOMOPCKOTO TUMA ¢ MpeoliagaHueM JieH-
TOYHO-TPSAOBOTO peibeda, KOTOPBIN MPAKTUUECKN HE BBIPAXKEH ONMKE K OKpaiKam
(puc. 1). deranbHas pa3Benka MpoBOAMIACE | OPPKOBCKUM OTNEIEHUEM WHCTUTYTa
«T'uniporopdpaseenka» B 1960 r. [1]. [ToacTunaromiye mopoasl — MECOK, CYIJIMHKH,
IJIMHA — UMEIOT JISTHUKOBOE MporcxoxkaeHue. [Turanue B ocHoBHOM atMocdepHoe.
I'pyHTOBBIE BOABI MOAXOIAT K MOBEpPXHOCTH. OCHOBHASI YacTh 3aJI€KU COCTaBIICHA
MaJI030JIbHBIM BEPXOBBIM KOMIUIEKCHBIM H (pyCKyM-TOp(OM HH3KOH CTETIEHH Pasiio-
xenust (5—15 % c ysennaenuem mo mryoune po 20-25 %).

AOCOIIOTHBIC IOMUHAHTHI B PACTUTEIBHOM IMOKpOBe 00510Ta (TPOCKTUBHOE MO~
KpbITHE — 110 95 %) — c(harHOBBIE MXH, IPEUMYIIECTBEHHO ME300IUTOTPO(HBIC BlIa-
romobuBbie BUIBI (Sphagnum magellanicum Brid., Sph. fuscum (Schimp.) Klinggr.,
Sph. angustifolium (C. Jensen ex. Russow) C. Jensen). [IpoekTuBHOE TIOKpPHITHE Tpa-
BSIHO-KYCTapHUUYKOBOTO sipyca (Adndromeda polifolia L., Calluna vulgaris (L.) Hull,
Oxycoccus microcarpus Turcz. ex Rupr. et palustris Pers., Scheuchzeria palustris F.
Muell u Eriophorum vaginatum L.) ne npesblaer 25 %. JpeBecHblil sipyc npen-
CTaBJICH CIMHUIHBIMH JIEPEBBSIMA COCHBI OOBIKHOBEHHOMU (Pinus sylvesrtis L..) hopmbl
Uliginosa no okpaiikam 00JIOTHOTO MacCHBa.

a
Puc. 1. O6mwuii Bug 6omoTHOTO MaccuBa J{ukoe B MecTax oTOopa mpob:

a — €CTECTBEHHBIN y4acTOK; O — y4aCTOK KyJIbTUBHPOBAHHS KITIOKBBI

Fig. 1. The general view of the Dikoe swamp massif at the sampling sites:
a — natural area; 6 — cranberry cultivation area
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Ha y4acTke KynbTHBHPOBaHUS KITIOKBBI IIEpe] TTOCAAKOM IPOBEIcHA PaCUUCT-
Ka TIPSl OT COPHOM PACTUTEIBHOCTH U APYTHE PabOTHI.

[Ipu ananm3e 0O6pa3OB KITFOKBEI pa3Mep STOJT ONPEIEISLTH BECOBBIM METOIOM
B 20 MOBTOPHOCTSIX TIO CPEIHEMY Il BEIOOPKH, MOJYUYSHHON MyTeM KBapTOBAHHS
MpOoOBI, MAKCHMATBHOMY I MUHUMAJIEHOMY. YCTaHOBJICHUE BIIAYKHOCTH M 30JIbHOCTH
SITOJT IPOBOJIMJIM OOIENPUHATHIMUA MeToamu [11]; pH u3mepsiiv B BOJAHBIX BBITSIK-
Kax, HACTOSIHHBIX B TEUCHHE 2 4 Ha KUILALICH BOJsHOW OaHe mpu rugpomosyie 20.
CrexTpallbHbIE MCCIICAOBAHUS BOIHBIX BBITSDKEK TMpoBoaman Ha Y®-cmekrpodo-
tomerpe UV-1800 (Shimadsu, SAnonus) B auanazone 200-800 HM npu S-KpaTHOM
pazbasnenun. CymmapHoe coxmepikanue opranmdeckux kucior (OK) B mepecuere
Ha SIOJIOYHYIO KUCIIOTY OTPEENsuld TI0 METOJHKE, TPEICTaBIeHHON B cTarhe [18],
a conepkanue ackopomHoBo# kucioThl (AK) cormacho [11]. Opranonentudeckue
CBOMCTBA OIIEHUBAJN JIETYCTAIIMOHHBIM METOIOM I10 PACITUPEHHOMY CITUCKY B COOT-
BerctBuM ¢ [[OCT 8756.1-2017. B onpoce yyacTBoBaiu 35 peCroOHACHTOB.

Pezynomamot uccnedosanust u ux oocyxncoenie

OTtoOpaHHbBIe IS KCCIIEAOBaHUS 00pa3Ibl Pa3IMIHBIX COPTOB KIFOKBBI OOJIOT-
HOW 3HAYMTEJIFHO OTIMYAIOTCS MO BHELIHEMY BUAY, pa3Mepy, CTEIICHH OZHOPOIHO-
CTH KaK JuamMeTpa U OpMbI, TaK U OKpACKu sArof (puc. 2).

W -

Rl o o e R R o
; 10 1 4243 14 15 16 17 W 19 20 2 m

| I B g AT AT
] '13‘5\615\51718“202521

-’ Gy : a
domuu Hap Koctpomsl
S R & & '
S > S TR
Kpaca Cesepa Jukxopoc (KOHTPOJIb)
a
45 Puc. 2. SIronp! KIIFOKBBI OOJIOTHOI: @ — BHELIHUI BUJL
4,0 4 u pazmep srof (coop 23 centsiops 2022 r.);
3,5 1 0 — cpenHsisl, MaKCHMaJIbHAsl 1 MUHUMaJIbHAsI Macca
£ 3,01 sirog1 (YCpeHeHHbIe JaHHbIe 110 coopam 2020 u
< 25 2022 rr.). Copra: I —rubpun 365-V; 2 — ®omuy; 3 — [ap
Q b
g 20 ‘ Koctpomsr; 4 — Kpaca Cesepa; 5 — quKopoc (KOHTPOJIb)
> 1,5 1 Fig. 2. The swamp cranberry fruits: @ — appearance and
1,0 \ size of the fruits (harvested on September 23, 2022);
0,5 1 | 6 —average, maximum and minimum weight of the fruits
0,0 (average data on the harvests of 2020 and 2022).

1 2 3 4 5 The varieties: / —365-V hybrid; 2 — Fomich; 3 — Dar
7] Kostromy; 4 — Krasa Severa; 5 — wild harvest (control)
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SAroapl AMKOPACTYIICH KIFOKBBI UMEIOT OKPYIIy0 (hOpMY, PaBHOMEPHBI IO
OKpackKe, CTENIeHU 3PEIOCTH, IMHEHHOMY pasMepy U Macce. OHU 3HAUNTEITLHO MEHb-
1€ BCEX pACCMOTPEHHBIX KyJIBTHBHUPYEMBIX cOpPTOB. [ mOpmm 635-V Takke mocTarod-
HO BBIPOBHEH I10 pa3Mepy M Macce, mpuyeM B Ooublieit crernenu, yuem ®@omuy. s
sarox TuOpuaa 635-V cBoiicTBeHHa MpHIDTIOCHYTas (popma, a it copra Domuy —
okpyrasi. O coorBeTcTBeHHO B 2,0-2,5 1 2,0-3,5 pa3a KpymnHee, 4eM y ITUKOpa-
CTYUICH, a IO OKpacKe U 3peIoCTH MeHee oqHOpoaHbL. Sronkl copra Kpaca Cesepa
XapaKTePHU3YIOTCS BBITSHYTOH SIITUTIICOMAHON ()OPMOI 1 BApEUPOBAHUEM pa3Mepa U
3penocty B mupokoM uHTepBaie 3HadeHuii. Copt dap Koctpombl otnuuaercs Hau-
OoJiee KPYMHBIMHE sirofamMu (B 4—5 pa3 OoJblle, YeM y JUKOPACTYIIEH ) MPUTLTIOCHY-
TOW (POPMBI C YETKO BBIPAKEHHBIMH PABHOMEPHO 3PEIIBIMHU TPAHSIMH.

Pa3Huma BO BI@XXHOCTH MEXIY UCCIEIOBAaHHBIMA COPTAMH HE TPEBHINIACT
1,7-2,6 otH. % (BmaxkHOCTh B mipeaenax ot 88,0 = 0,2 no 90,0 = 0,1 otH. %). Co-
PTOBBIC pa3UyMs B 30JIbHOCTH HECKOJIbKO Ooublie U gocturat 15-17 % a. c. B.
MIpU HU3KUX a0COMOTHBIX 3HaueHusAx: Haumensiue (1,09 + 0,06 % a. c. B.) BBIsAB-
neHsl y sirox copta Kpaca Cesepa, mauboubmue (1,39 + 0,12 % a. c. B.) — y grojq
rubpuna 635-V (puc. 3).
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Puc. 3. XapaktepucTuka siro1 KITFOKBBI OOJIOTHOM: @ — BIIaYKHOCTB;
6 — 30mpHOCTE. COpTa — cM. pHcC. 2

Fig. 3. The characteristics of swamp cranberry fruits: @ — moisture content;
6 — ash content. For the names of the varieties see Fig. 2

B 1ensx u3ydeHus XMMHUYECKOTO COCTaBa MPOBEJICHA BOIHAS IKCTPAKIIUS
M3MENIbYEHHBIX AT0 TpH THapoMoyiie 20. 3HadeHus pH, CIEKTPBI BOTHBIX BEITSHKEK
00pa3ioB B yJIbTpaduoIeTOBON U BUAMMON 00JjiacTH, cymMMapHoe cojepxkanue OK
u maccoBast 1ot AK orpaskensl Ha puc. 4. [Tokazarens pH BOIHBIX BBITSDKEK BCEX
HCCJICIOBAHHBIX COPTOB OJIM3KKM Mex 1y coboi (2,9-3,1).
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Puc. 4. XapaxrepucTika BOJHBIX BEITSHKEK U3 AT0]] KIIFOKBBI O0IOTHOM: ¢ — pH;
6 — criekTpsrl; 8 — conepxanne OK; e — cogeprxkanne AK B cyxom BemecTBe sSTO.
Copra — cM. puc. 2
Fig. 4. The characteristics of aqueous extracts from swamp cranberry fruits:
a —pH; 6 — spectra; ¢ — organic acid content; ¢ — ascorbic acid content in the dry matter
of berries. For the names of the varieties see Fig. 2

CriekTpbl BOJHBIX BBITSIKEK CXOJIHBI Y BCEX HCCIIeAyeMbIX 00pa3ioB. Ha criek-
TPAJIBHBIX KPUBBIX B YIBTPA(HOIETOBON M BHIUMOW OOJACTAX IMPOCICIKUBACTCS
3 MakcHMMyMa MOINIONICHHUS: B YIBTPa(UOIeTOBOM 00MacTi — npu JiinHaxX BoiH 280
n 330 HM, Ha TpaHUIIE TOTYOOH U 3eTICHON 00IacTelt BUIUMOTO CIIeKTpa — mipu 510—
520 M. 3aMEeTHBI OTIIMYUS B HHTCHCUBHOCTH ONITHUYECKOH MJIOTHOCTH — CaMbIe 00JTb-
M€ BO BCEM JIUAITa30HE JUTMHBI BOJH XapaKTepHBI i ruOpuia 635-V u aukopoca.

Konebanus B conepkannu kuciot 6oinee 3ametHsl. Cymma OK B HanOosbiiem
kommaectBe (25-26 % a. c. B.) mpencTtaBieHa B sromax copra @omud u rubpuaa
635-V, a B HauMeHbIIIEM — B AUKOpacTymmx srofax (19-20 % a. c. B.). i copToB
Hap Koctpomsr u Kpaca CeBepa cBOMCTBEH MPOMEKYTOUHBIN TTOKa3aTenb. [1o xomu-
yectBy AK copra pacronararorcs mo yObBIBaHHIO CIEIYIOIUM 00pa3oM: JUKOPOC —
rubpun 635-V — ®omua — Jlap Koctpomsr — Kpaca Cesepa.

Jlyis onpenienieHusi OpraHoNeNITHYECKUX CBOMCTB pa3paboTaHa aHKeTa, BKITIO-
qaromas CIHCOK IOKazaTesiel: BHELIHWM BUI, BEIWYUHA STOJ]l, OJHOPOJHOCTH M
SPKOCTh OKPacKH, apomar (3amax), CO4YHOCTbh, OIIYIICHUE CIIaJOCTH, KUCIOTHOCTD,
oO1iee BrievaTieHHE OT BKyca — C Tpajialiieii CBOMCTB 10 5-0aTbHOM MIKase, U TIpo-
BEJICH OTIPOC PECIIOHJIEHTOB. YCpeTHEHHBIE Pe3yabTaThl 00padOTKH MaTepHaoB aH-
KETUPOBaHUsI MPEJICTaBIEHbI Ha PUC. 5.

Bce u3yuennble copTa OJU3KU K TUKOPACTYIIEH KIFOKBE MO KUCJIOTE, COYHO-
CTH M OOIIUM BKYCOBBIM oIIyIieHusiM. CaXxaprcTocTh BhIpakeHa ci1abo. Bricokwii
0aJIT BHENITHETO BHJIA, OKPACKH M apoMara UMeeT JUKOPACTYIIas KIIIOKBA, TOHKEH-
HBbIE OIIEHKH BHEIIHEro BHJa CBOMCTBEHHHI ajs copTta Kpaca Ceepa m okpacku —
Jutst tuopunia 635-V u copra @omuy.

[Ipu paccMoTpeHUN BHEIIHErO BUAA U BEJIUYUHBI ATOA MPEICTABISETCS JIO-
TUYHBIM HaJIUYKUE COPTOBBIX PA3IMYMil, a TAK)KE 3HAUUTEIBHOE YBEIUUYECHHUE MACCHI
STO/ Y KyJBTHBUPOBAHHBIX COPTOB KITFOKBBI OOJOTHOM MO CPAaBHEHHIO C AUKOPACTY-
mieid. [l TexHu4Yeckol nepepaboTKu OoJiee MPHUBICKATEIBHO CHIPhE C KPYITHBIMH
Y BBIPOBHEHHBIMHU IJIOIAMHU, CO3PEBAIOIIMMU MTOYTH OHOBPEMEHHO, HAIPUMED, TH-
opun 635-V u copt Hap KocTpomsl ripu Ky IbTHBUPOBAHUH B YCIOBHUSAX FOXKHOIIPHOE-
JIOMOPCKHUX OOJIOT.
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Puc. 5. Opranonentudeckne cBOMCTBA ATO KIFOKBBI OOJIOTHOM:
a — TI0 OT/ICTBHBIM XapaKTEePUCTHKAM; O — IT0 COBOKYITHOCTH CBOWCTB
Fig. 5. The organoleptic properties of swamp cranberry fruits:
a — by individual characteristics; 6 — by the totality of properties

[To pesynpTaram BHU3yaJdbHOTO OMHCAHMS SATOA B COBOKYIHOCTH C JaHHBIMU
OpPTaHOJIETITHICCKOTO aHaJIN3a MOXKHO OTMETHTH, UYTO HamOOJIee paBHOMEPHEIE II0
pa3Mepy U CO3pEBAHUIO STO/BI UMEIOT 00JIee BBICOKHE MTOKA3aTe/Il BHEIITHETO BUIa U
000011eHHO# OoTIeHKH copTa. [Ipu aTOM 0OpaiaeT BHUMaHKE YBETHUYEHHOE 3HAYSHIE
MTO3UIINN, XapaKTEPUIYIOIINX ITPUBICKATEIFHOCTH JIS1 PECIIOHICHTOB, ATOJ TUKOpPa-
CTYIICH KITFOKBEL. DTO, MO-BUIUMOMY, OOBSICHICTCS TIPUBEPKEHHOCTHIO K TPaIUIH-
OHHBIM SITOIMHUKAM IS TIOJTYUYEHUS MPOMYyKTOB MUTaHUA. [Ipr HEOOXOMMMOCTH PO3-
HUYHOM peanu3aiuu ypoxasi i3MEHUTh CUTYaIUI0 MOXKET MOMYSPU3aIis COPTOBOM
KJIFOKBBI.

BriayxHOCTB HCCIIEIOBAHHBIX SITOJl XOPOIIIO COTIIACYETCS C M3BECTHBIMU CBEIC-
HUSMHU ISl 3TOTO BUJA, a 30J1bHOCTD B 2,0-2,5 pasza Huke cpenneit [20]. Heznauu-
TeTbHBIC KOJICOAHUSI 3HAYCHUH B 3aBUCUMOCTH OT COPTa W HU3KOE COACpIKAHUE 30-
JIbHBIX KOMIIOHEHTOB BIIOJIHE 3aKOHOMEPHBI BBUAY OJUHAKOBOCTH TMAPOIOTUYECKHUX
YCIIOBHH M HU3KOH TPOMHOCTH TOP(HSIHOM TTOUBBHI.

AHanu3 BOIOPacTBOPUMOM YaCTH SITOJ] IEMOHCTPUPYET CXOMHBIE KHCIOTHOCTD
Y CIIEKTPHI TIOTVIOMICHHS y BceX 00pa3ioB. [lpu geraaprHOM pacCMOTPEHUH CIIEKTPOB
OTUYETIIMBO MPOCIICKUBACTCS BRIPAKCHHBIN MUK MIPH JAITHHE BOIHBI 280 HM, KOTOPBIH
TPaAKTYeTCsl KaK XapaKTepHBIH JIsi HU3KOMOJEKYISIPHBIX COCAMHEHUH (hEHOITBHOMN
npupons! [8]. [Tnedo B obmactr 330 HM ciieyeT OOBSCHUTH MMPUCYTCTBHEM TIPEH-
MYIIECTBEHHO (pJIaBOHOMIOB, & HEOONBLIONH MakcuMyM B obnactu 510-520 HM — aH-
TOIMaHaMHU. XOpOIIO BUIHA ONM3Kas MPOMOPIHNOHAIFHOCTh B COOTHOIIIEHUH ITHX
IPYII Y BCEX 00pa3IoB, YTO yKa3bIBAET HA OJIHOTHITHOCTh COCTaBa BHE 3aBUCUMOCTH
OT copra.

Conmepxanne cymMMmbl OK B HCCIIEJOBaHHBIX STONAX KIIIOKBBI OOJIOTHOM,
MPOU3PACTAIIEH Ha THIIMYHOM BEPXOBOM OOJIOTE HOXKHOMPHOEIOMOPCKOTO THUIIA,
KaK TUKOPOCa, TaK U KyJIBTHBUPOBAHHOM, OJIM3KO WJIH BHIIIE CPEAHUX 3HAYCHUN ITO-
T'O TTOKAa3aTelsl B SITO/IaX KIIIOKBBI U3 APyrux peruonos Poccuu [4, 7, 14, 15], a AK —
HECKOJIbKO TOHIKeHO. llocnmennnii (akT cBs3aH, MO-BHIUMOMY, C 3aMe]ICHHBIM
TEMIIOM OMOCHHTETHUYECKUX MPOILIECCOB B YCIOBHIX 00SIHEHHOIO TUTAHUS, HU3KUX
TEMIIEPaTyp M HEJAOCTaTKa COJHEYHOH pajfallii, CBOWCTBEHHBIX BEPXOBBIM 0O0JIO-
TaM perruoHa MPOBEICHUS PadoT.
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Takue 0COOCHHOCTH COCTaBa C YY€TOM KOJIMYCCTBEHHBIX XapaKTCPUCTHK Jie-
natoT copt ®omuu u rubpua 635-V HambOonee MEPCHEKTHBHBIMU IS JICYSOHOTO
MUTaHMS B KaU€CTBE MPOAYKTOB, PETYIUPYIOMINX OOMEHHBIE MPOIIECChI, TTOAIEPKH-
BAIOIINX KUCJIOTHO-IIEIOYHON OalaHC M 001aJaloNX SIPKO BBIPAKEHHBIM ITPOTHBO-
MUKPOOHBIM JieiicTBHEM. 110 aHTHOKCHJAaHTHBIM CBOWCTBAM, KOTOPBIE IPUITHCHIBAIOT
AK, oTnnuaroTcs Sropl JUKOPACTYyIIEH KITOKBEL. OHAKO cliefyeT KOHCTaTUpPOBATh,
YTO B KaU€CTBE BUTAMUHHOTO MpeTnapara OHW MEHEe MPUBIIEKATEbHBI, UM ATO/bI U3
JIPYTHX PErHOHOB.

Baxnouenue

O6pasupl sirox 4 cOpToB KIFOKBBI O0JIOTHOH, BRIPAIIEHHON Ha MIaHTAMN «Ap-
xaHrenbpckas kimokBay: Jlap Kocrpomsr, Kpaca Cesepa, ®omuda u tubpum 635-V —
10 CBOUM XapaKTepUCTUKaM OJM3KHU K TUKOPACTYIIEH KIIIOKBE, COOpaHHO Ha 6oIto-
T€ TOTO K€ THITA B TOH jk€ MECTHOCTH. C yUeTOM MOBBIIIEHHON yPOXKaHHOCTH COPTOB
BBIpaIIMBAHUE KIIOKBBI O0JOTHON MOKHO PEKOMEHI0BATh JIJ1sl OCBOCHMSI 3a00J104€CH-
HBIX TEPPUTOPUN APXaHTEIIbCKOH 00JIacTH.

Jyist mpoMBIIIIEHHOW TIepepadOoTKU, HAPUMED, POU3BOICTBA HAITUTKOB U KOH-
IATEPCKUX W3S (MapMeIaaoB, IHKEMOB U T. J.) peKOMEHIYIOTCS THOpum 635-V
1 palioOHMPOBaHHBIN copT POMHUY, UMEIOLIHE TOBBILICHHOE COACPKAHUE OpTraHhye-
CKHX KHUCIIOT Ha ()OHE IOCTATOYHO BBHICOKHX OPTaHOJENTHYECKUX MTOKa3aTemeH.
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Annomauus. Populus tremula L. (0OcuHa) — OJJMH U3 IIIUPOKO PACTIPOCTPAHCHHBIX BUIOB JIpe-
BECHBIX PACTCHU, KOTOPBIH 10 CHUX TOP HEIOCTATOYHO HMCCIICAOBAH KaK B DKOJIOTHYCCKOM,
TaKk U B 6I/IOI‘COXI/IMI/I‘-IGCKOM IIJ1aHE. I/I3BCCTHO, YTO B HAA3EMHBIX YaCTAX OCHHBI MOXECT B
MOBBIIICHHBIX KOJMYECTBaX HakarmuBarhesi Cd. DTo 0COOCHHO BaXKHO B CBSI3U C HHTEPECOM
K KOMIUIEKCHOMY HCIIOJIb30BaHUIO APEBECHBIX pecypcoB. Llenb paboThl — CpaBHUTEIBHOC U3-
YUCHHUC COACPIKAHUS XMMHUYCCKHX BJICMCHTOB B Pa3jIMYHBIX OpraHax mnojapocra P. tremula
MPHU TEXHOTCHHOM BO3JICHCTBUHU Ha (PUTOLIEHO3. METOI0M aTOMHO-3MUCCHOHHOTO CIIEKTPO-
MeTpudeckoro aHanusa (st As u Hg — arToMHO0-a0COpOIIMOHHAST CIICKTPOCKOTIIHS) HAMH TIPO-
aHAJIM3UPOBAHO cojiepikaHue 30 XUMHUUCCKUX 3JICMEHTOB B HAI3EMHBIX OpraHax MOJIOIBIX
pactenuii P. tremula u3 TeXHOTCHHO HapyIICHHBIX MecTooOuTanmii Ky3bacca (ror 3amagHoi
CubupH), B T. 4. Ha 3apacTAOIIUX MOPOTHBIX OTBAJIAX YTOJIbHBIX KapbepoB. Mexay coaepxa-
HUEM 30JIbI WJIN OTACIIbHBIX XUMUYECKNUX JJIECMCHTOB U TUIIOM HapyIICHUA 3KOTOIIOB 3aBUCHU-
MOCTb He 0OHapyxeHa. CyMMapHOE KOJIMYECTBO XUMHUCCKUX IEMCHTOB YBEIIMYMBACTCS OT
KOPBI K JINCTOBOM IJIACTUHE, T. €. TI0 MEPE MPOABIKCHHUS K O0Jiee (PU3NOIOTHUCCKU aKTHBHBIM
opranam. Camasi HU3Kasi 30JIbHOCTb XapaKTepHa Uit KOPbI, Y cTEOJICH OHA BBIIIE, TIPU 3TOM
HE 6])1.]'[0 BBISIBJICHO 3aBUCUMOCTHU 30JIbHOCTHU OT BO3pacCTa, a Y «YHUCTBIX» U «3allbIJICHHBIX)
cTeOneil CTaTUCTUYCCKH 3HAYMMO OTIMyaiuch koHreHntpauuu Al, Ca, Cr, Fe, Ga, Mn, Na,
Si u Ti. 3anbuieHHBIE YepPEUIKH, KpOME YKa3aHHBIX 3JIEMEHTOB, coziepKaiu Oombiie Ba, Be,
La, Pb, Sc u Zr, nucroBbie miactus emie u V, Y, Yb. MexIy 30JIbHOCTBIO U COICPKAHUEM
MEPCUNUCIICHHBIX XUMHUYCCKUX DJICMCHTOB YCTAHOBJICHA MpsMasd CUJIbHAsA KOppCIalnOHHas
cBsi3b — 0,64—0,87 mst crebneit u 0,75-0,93 mis yepemkoB u iuctheB. YpoBeHb Cd B jm-
CThSIX, YePCIIKaX U HEKOTOPhIX 00pa3iax Kopbl P. fremula NpeBbIIaCT MPEACIBHO JTOMYCTH-
MYIO KOHHECHTpPAIHUIO JJIsI paCTUTECIIBHOI'O JICKAPCTBCHHOT'O ChIPb. OTCyTCTBI/Ie B3aNMOCBI3U
COJICPIKAHUS ITOTO IEMEHTA C 3alBUICHHOCTHIO 00Pa3I[0B CBUICTEIBCTBYET O TOM, YTO BbI-
COKHEC KOHUCHTpAIUn Cd B HAaA3EMHBIX OpraHax O6yCJ'IOBJ'IeHI)I BUJIOBbIMH OCO6CHHOCTHMI/I
P. tremula, a MIMEHHO BBICOKUM TPAHCIOKAI[HOHHBIM ITOTCHI[HAIOM.

Knrouesvie cnosa: Salicaceae, ocuHa 0OBIKHOBEHHAsl, aHTPOIIOTEHHOE BO3JIEiCTBHE, 3J1e-
MEHTHBIH XMMHYECKUI COCTaB, OPraHOCHEeHU(PHIHOCTD, PACTUTEIbHbBIE PECYPCHI, TXKEIbIE
METaJlIbl, OUOTEHHBIE DJIEMEHTBI, PEKYIBTHBAIMS OTBAJIIOB YTOJbHBIX KaphepoB, Kemepos-
ckast 001acTh
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Abstract. Populus tremula L. (aspen) is one of the widespread species of woody plants, which
has not yet been sufficiently studied in both ecological and biogeochemical terms. It is known
that Cd can accumulate in elevated quantities in the above-ground parts of aspen. This is
especially important in connection with the interest in the integrated use of wood resources.
The aim of this work has been a comparative study of the content of chemical elements
in various organs of P. tremula undergrowth under technogenic effects on the phyto-
cenosis. Using the method of atomic emission spectrometric analysis (for As and Hg —
atomic absorption spectroscopy), we have analyzed the content of 30 chemical elements
in the aboveground organs of young P. fremula plants from technogenically disturbed
habitats of Kuzbass (south of Western Siberia), including on overgrown rock dumps
pf coal pits. No relationship has been found between the content of ash or individu-
al chemical elements and the type of ecotope disturbance. The total number of chemi-
cal elements increases from the bark to the leaf blade, i.e. as you move towards more
physiologically active organs. The lowest ash content is typical for bark, it is higher for
stems, while no dependence of ash content on age has been found, and the concentra-
tions of Al, Ca, Cr, Fe, Ga, Mn, Na, Si and Ti have been statistically significantly differ-
ent in the “clean” and “dusty” stems. In addition to the above elements, “dusty” petioles
have contained more Ba, Be, La, Pb, Sc and Zr, and the leaf blades have also contained
V, Y and Yb. A direct strong correlation has been established between the ash content
and the content of the listed chemical elements: 0.64—0.87 for stems and 0.75-0.93 for
petioles and leaves. The Cd level in leaves, petioles and some bark samples of P. trem-
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ula exceeds the maximum permissible concentration for herbal medicinal raw materials.
The absence of a correlation between the content of this element and the dustiness of
the samples indicates that high Cd concentrations in the aboveground organs are due to
the species characteristics of P.tremula, namely its high translocation potential.

Keywords: Salicaceae, common aspen, anthropogenic impact, elemental chemical composi-
tion, organ-specificity, plant resources, heavy metals, biogenic elements, reclamation of coal
pit dumps, the Kemerovo Region
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Beeoenue

Ocuna Populus tremula L. (Salicaceae) — TUCTBEHHOE JPEBECHOE pacTe-
HUeE, Ipou3pacTarollee B MPOXJIaJHBIX YMEPEHHBIX U OOpeaIbHbIX pailoHax, OHO
ra3o- ¥ 3aCyX0yCTOMYNBO, HETPEOOBATENBHO K TIOUYBCHHBIM YCIOBHUSIM. Buj oueHb
HIMPOKO paclpocTpaHeH B EBpa3uu: BXOAUT B YKCIIO JIECOOOPA3YIOMUX U SIBIISI-
eTcsl OTHOM U3 5 NTOMMHAHTHBIX JIPEBECHBIX KYJIbTYp €Bpoleiickoil yactu Poccuu
(8, 13, 23, 35].

YacTto IMEHHO OCHHA BBINOIHSIET POJIb COJMOMHUHAHTA JJIsl MHOTHX XBOMHBIX
MOPOJI ¥ CITY>KUT OCHOBHBIM WJIN OJIArONIPUATHBIM aJIbTEPHATUBHBIM CyOCTpPaTOM JUIst
MHOTHX peakux 3nu¢putoB. Kak u 6onbmmHcTBO BUI0B ponoB Salix L. u Populus L.,
OCHHA MOET HE TOJIbKO MTPOHHUKATh B yCTOWYMBBIC JIECHBIE COOOILECTBA, OCOOCHHO
B ITOTPAaHUYHBIX 30HAX, HO U MACCOBO PAaCIpPOCTPAHATHCS Ha MOBPEKICHHBIX TEPPH-
TOPHUSX, CIOCOOCTBYS BOCCTAHOBJICHHUIO MTOYBBI M PACTUTENFHOCTH U PA3BUTHUIO MIPO-
IyKTUBHBIX Omorieno30B [30, 38]. Ha HawambHOM 3Tare pacrpoCTpaHSHUs JaHHBIA
BUJI, KaK IIPaBUJIO, BHICTYIIAET B KA4ECTBE IPUMECH K OCHOBHBIM JIECOOOPa3yIOLINM
MOPO/IaM U XapaKTepU3yeT YCIOKHEHNE (PUTOLICHO3a (YacTo — Mepexo Ha CIIEAYIo-
Y10 CYKIIECCHOHHYO cTaauto) [15].

Panee B Poccun pecypcesl pa3inuyHbIX TAKCOHOB OCHHBI CBA3BIBAIM MCKIIIOUH-
TEJIBHO C €BPONEHCKONW YacThIO U YMEPEHHBIM KJIMMAaTOM, HO CO BPEMEHEM apeall
9TON KyJABTYpbI aKTHBHO pacIIpsieTcs B CEBEPHOM HampaBieHnu. Kpome Toro, BbI-
SIBJICHA TEHACHLMS K YBEJIMUEHHIO IUIOINAAEH OCHHOBBIX HacaxIeHui (1o oduuu-
aJBHBIM JIaHHBIM, /10 2425 MutH Ta ¢ 3anmacom 110 3715 vt M3) [24].

B nacrosiee BpeMst npuMeHeHne pacteHuid P, tremula L. kKak BCcTOYHUKA MTPO-
MBIIIJICHHOW JIPEBECUHBI HE3HAYUTEIHFHO M0 00bEMYy M MAaJOTOMYIISIPHO B CBSI3H C
IKOJIOTHUECKUMH ¥ OUOIOTUYECKHUMHU 0COOSHHOCTSIMHU 3TOTO BHJIA, OJJHAKO aKTUBHO
M3yYaloTCs CIIOCOOBI TOTIOMTHUTENBHOM 00paOOTKH TAKOTO CHIPhS M allbTepHATHBHBIC
HaIlpaBJICHUS €T0 XO3SMCTBEHHOTO MCIoib3oBaHus [18, 24]. MHTepec K KOMILIEKC-
HOMY BOBJIEYEHHIO JIECHBIX PECYPCOB B IPOM3BOJCTBEHHBIE ITPOLIECCHI 3 ITOCIIETHIE
JECSTUIIETUS PE3KO BO3PACTACT, YTO MOATBEPIKIAAETCS MHOTOYHUCIICHHBIMU Ty OJInKa-
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LUSMU ¥ ITUPOKOH reorpaduert 00beKToB uccienoBanus [S]. KoMIIekCHbIN TOAX0/
B IaHHOM CJIy4ae 3aKJII0YaeTCs B IPUMEHEHHUH BCEX YaCTEH pacTeHUM, BKIIIOUAst KOPY,
JIUCThS ¥ TOHKHE BETKH, a TAKKE CYIKOBEIE 30HBI ApeBECHHEI [2, 5, 21]. et mouck
MEPCIIEKTUBHBIX MPUPOIHBIX (POPM pacTeHU (YCTOMYUBOCTD K OOJIC3HSIM, KaueCTBO
JIPEBECHHBI, IEKOPATHBHOCTH) U CIIOCOOOB MX PAa3MHOMKEHHUS, @ TAK)KE CEIeKITMOHHAs
paboTa C 11eJIbI0 03€JICHCHUsI HACEICHHBIX MyHKTOB, BHEAPEHUS HOBBIX KYJIBTYD B
JIECHOE XO3SHUCTBO M WX BBICAIKHU JJIsi OMOIIOTUYECKON PEKYIBTUBAIIMH HAPYIICHHBIX
tepputopwii [4, 23, 31, 33, 36].

Ha naHHBII MOMEHT B BOCCTAHOBJICHUH HYKJAIOTCS 3HAUUTEIbHBIC TIOIIIA-
JIV TIOYB, TIO/IBEPTIINECS CHILHOMY TEXHOT€HHOMY BO3/I€HCTBHIO (BILJIOTH JI0 TOJI-
HOTO pa3pylICHUs] HATUBHBIX 3KOCHCTEM) MPH KapbepHOU pa3paboTKe yroJIbHBIX
Mectopoxnaenui [11, 12, 22]. OtkpeiThiii ciocob n00kun yriis B Kyz0acce craHo-
BUTCSl Bce OoJiee pacrpoCTPaHEHHBIM B CBSI3U C BBICOKOM dKOHOMHYECKOH 3 dek-
TUBHOCTBIO, OTHOCUTEIIBHOH NPOCTOTON M Oe3oracHOCThi0. CeromHs KaphepHas
paszpaboTka MecTopokaeHui coctaBmser 6onee 70 % oObema yrienoObram [12,
22]. K coxaineHuto, 10 HEIABHETO BPEMEHHU Pa0OThI M0 PEKYJIbTUBAIIMKM KaphEePOB
3a4acTyl0 HE MpeayCcMaTpPUBAIN 00sI3aTeNIbHBIN OMOIIOTHYECKUi JTar (MeponpHsi-
THS TI0 BOCCTAHOBJICHHMIO TIOYB M PACTUTENbHOCTH). CIe/ICTBUEM 3TOTO SIBISIETCS
JUTUTENIbHOE BO300OHOBJICHHE MPOAYKTHBHBIX OMOTEOIIEHO30B, OTPAaHUYCHHOE Ile-
JIBIM PSIIOM (DaKTOPOB: HEAOCTATOUHBIMH HMA()UIECKIMH U THAPOIOTHIESCKUMH pe-
cypcaMu TEPPUTOPUH, CIEKTPOM BUIOB B OKPYKAIOIIUX IKOTOMAX, UX aJalTUBHON
CIOCOOHOCTHIO | T. I. TeM He MeHee, MPOIECChl €CTECTBEHHOTO BO30OHOBICHUS
PACTUTENBHOCTH MPOUCXOAT HE TOJIBKO HA 3EMJISIX, BBIMICANINX U3 CEIbCKOXO03Si-
CTBEHHOTO HCTIOJIb30BaHUS [6], HO M Ha TEXHOTCHHO HAPYIICHHBIX TEPPUTOPUSIX,
MIPUJIETAIONTNX K YTOIBHBIM KapbepaM [16].

Oco0y0 OMacHOCTh MPEACTABISAET TO, YTO BO BCKPBIIIHBIX MOPOJAAX MOTYT
coziepKaThCA MOTEHIHAIBHO TOKCHYHBIE XuMudeckue anemenTs! (Pb, Hg, As, Cd
u ap.) [1], cnocoOHBIe aKKyMYyJIHpPOBAThCS B PacTEHUSAX WIIM UX dacTsax. Panee
OBIJIO YCTAHOBJIEHO, YTO OCHHA — €JUHCTBEHHBIM U3 JOMHUHAHTHBIX JIPEBECHBIX
BUJIOB €BpoONEcKoi yacT Poccrum — MOXKET B MOBBIIIEHHBIX KOHIIEHTpALUAX Ha-
KaIuIuBaTh B HaJ3eMHbIX opraHax Cd, 3KoJOoTHYeCKU OMACHBIH XUMUYECKUH dJie-
MeHT (XD) [8].

Lenb paboThl — CpaBHUTEIBHOE HUCCIIEIOBaHUE COAEPKaHU XD B HAJI3eMHBIX
opraHax pacteHuid Populus tremula ipy TEXHOTEHHOM BO3JIEHCTBUY HA (PUTOIIEHO3.

Obvexmul U Memoovl UCCILe008AHUS

OObekTaMi MCCIIEIOBAaHMS TMOCITYXHIN ICHOMY/ISIIMK MOJIOJBIX JIEPEBbEB
P tremula 10—15 met, He MOCTUTIINX OOJBIMTUX Pa3MEpOB M O€3 MPHU3HAKOB I'eHe-
PaTUBHBIX MPOIIECCOB (MTOAPOCT), MOSBUBIINECS B PE3YJIBTaTE CAMOBOCCTAHOBIICHHS
pacTHTENBHOCTH Ha Tepputopuu paspesa «Kemposckuii» (1. KemepoBo). Marepuan
cobupamu 1-5 aBrycra 2015 1. 13 4 HEHONOMYISAIUI ¢ Pa3IMIHBIMU YKOJIOTHYECKH-
MH XapaKTEPUCTHKaMH: 1) TEpPUTOPHs C HEHAPYIICHHBIM MOYBEHHBIM ClloeM Oe3
WHTEHCHUBHON TPaHCTIOPTHOW HArpy3KH — KOHTPOJB; 2) 3apacTaroInuid ITOPOTHBIN
oTBaJI, Bo3pacT okoso 30 neT; 3) mopoaHbIi 0TBaj BO3pacToM 0kojo 30 JIeT, peKyib-
THBHUPOBAaHHBIA COCHOM, PACTIONIOKEH Ha PACCTOSHUH OKOJIO S0 M OT HACKHINH OTBaJa
JIEHCTBYIOMIETO Kapbepa; 4) 000urnHa TEXHOIOTHYECKON JOPOTH HA TEPPUTOPHUH pa3-
pe3a ¢ peryisipHbIM JIBIDKEHHEM TOPHOJ00BIBAIOIIEH TEXHUKA M JU3EIBHOTO KPYII-
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HorabapuTHOTO TpaHcHopra. Bce pacTeHus, Mo pesynbraraM OLEHKH JKU3HEHHOTO
COCTOSIHUSI, 300POBBI.

C HEKOTOPBIX ONHM3KO pacTymux AepeBbeB (6—10 3K3. B KaXAOW IIEHOIOMY-
JISIUH ) OTOMPAJTH TI0 HECKOJIBKO BETOK JUIMHOM 25-30 CM ¢ pa3HBIX CTOPOH KPOHBI
Ha BeicoTe 1,5-2,0 M. JIMCTBS OTphIBaNM OT cTEONeH M pa3[eNsiii Ha YepelioK H
JIUCTOBYIO TUTACTUHY (3peJible, HEMOBPEXKICHHbBIE, cpeiHero pa3mepa). Crebiu mode-
roB 1-ro rojga OTCOPTUPOBEIBAIIN OT OoJiee paHHUX (pa3BUTHE OT 2 JI0 4 JIeT B 3aBU-
CUMOCTH OT JUTMHBI MEXJ10y31Hii). Kopy Opaiu ¢ HeCKONBKHUX 3K3eMIUISIPOB, cpe3ast
KyCOYKH 110 1—2 c¢M?2 CO CTBOJIOB U IPUCTBOJBHBIX YaCTEH MOOETOB ¢ Pa3HbIX CTOPOH
nepea Ha Beicote 1,5-2,0 M.

Takum 00pa3om, uccie0BaHbl 00pa3Ibl JUCTOBBIX MJIACTHHOK, YEPEIIKOB JIU-
cra, ctebnu mobderos 1-ro roga, 2—4-ro rogoB (MHOTONETHHE) U Kopa. 3 00pasios ¢
MHAMBUIyaJIbHBIX PACTCHUH B KaXKOM MOMYJISILIMK COCTABIISUIA O0ObEAMHEHHBIC TIPO-
OBl 110 THITy MaTepuala, 0 BO3MOXXHOCTH C YY4ETOM 3allbUICHHOCTH: 3albUICHHBIC U
YCJIOBHO YHCThIE. M3 HEX oTOMpanu mo 3 cpemuux oOpasia, KOTOphIe 3aTeM aHaJH-
3MPOBAJIU B 3 aHAJIMTUYECKHUX TIOBTOPHOCTSX.

DNEeMEeHTHBIH XUMHYECKHH COCTaB O0Opa3IOB M3ydYalH IOCIIE CYXOTO 030-
JICHUSI METOJIOM aTOMHO-3MHCCHOHHOTO CIEKTPOMETPHUYECKOTO aHalin3a MU IOo-
MOIII JIyTOBOTO aproHOBOTO 2-CTpyiiHOTO IiasmMoTpoHa (Poccwust), cmekrpomerpa
PGS-2 (I'epmanust), MHOTOKaHAIBHOTO aHAIN3aTOpPa SMUCCHOHHBIX ceKTpoB (Poc-
cus). Konnenrpanuu As (TOCT P 51766-2001) u Hg (FOCT P 53183-2008) ompe-
IeJSUTH METOIOM aTOMHO-a0copOmumonHoi crnekrpockonuu (AAC). B kadectBe
CTaH/IaPTOB UCIIOJIB30BaIM 00pa3iisl Jincta oepesnl ('CO 8923-2007), TpaBocMecu
(I'CO 8922-2007) u smonen kanazackoit (I'CO 8921-2007). Pesynbrarsl onpenene-
Hust XD HE BBIXOAMJIU 3@ PAMKH UX aTTECTOBAHHBIX 3HAYCHUM,

OKCIIEpUMEHTAIBHBIC JITaHHBIE CTAaTUCTHUYECKH 00padaThiBaIl C IMOMOIIBIO
makera mporpamm Statistica 10. Iy OOTBIIMHCTBA HCCIETOBAHHBIX XD 0Ka3alloCh
XapaKTepHO aHOpMaIbHOE (JorapudMuieckoe) pacipeaeiaeHne, odToMy ObLIH pac-
cuntaHbel MeauanHabie 3HadeHus (Med) u pa3max BeIOOpOK (min—max). lucnepcu-
OHHBIN aHaKU3 MpoBoAMIICS 110 MeToay Kpackena—Yoiuca, KOppesiuOHHbIN — 110
Metony CimpMeHa, KpUTUIECKUI YPOBEHb 3HAUMMOCTH BO BCEX CITy4asiX MPHHUMAJ-
cs pasabeM 0,05.

Pesynomamul uccnedosarus u ux oocysicoenue

O0paboTKa MOTyYeHHBIX JaHHBIX MO3BOJMIIA YCTAHOBHTH, YTO MEXKIYy OTHO-
TUTTHBIMU 00pa3iaMy U3 pa3INYHbIX MECTOOOMTAHUN CTATUCTHYECKN 3HAYUMast pas-
HUIIA OTCYTCTBYET.

Pesynbrarel McciemoBaHUs SIEMEHTHOTO XMMHYECKOTO cocTtaBa P tremula
npeacTaBieHbl B Tabnuie. Hactonpko moapoOHas «JieTanu3anus» Oblia mpeanpu-
HSTA C IeNbI0 Hanbollee TOYHO BBISBUTH pacipenenenne XD 1Mo opraHaM pacTeHHH,
MTOCKOJIBKY OHO MOXKET 3HAYUTEIHHO BapbHpPOBATh KaK B 3aBHCHMOCTH OT aHaTo-
MO-MOP(OIOTHIECKUX 0COOCHHOCTEH, TaK M M3-3a BO3JCHCTBUS BHEIIHHUX (haKToO-
poB. Crienyer OTMETUTh, 9TO HAMH ObUTH OOHAPY)KEHBI CTATUCTHYECKU 3HAYMMBIE
OTJINYMS B DJIEMEHTHOM XMMHUYECKOM COCTaBe JUCThEB P. tremula, XapakTepHusyro-
IIMXCSI pa3HBIM YPOBHEM 30JIBHOCTH [39], 4TO, KaK MpaBHUIIO, CBUACTEIHCTBYET 00
a’POTEeHHOM IMMOCTYIUIEHUH psAfa X C MbUIEBBIMU YaCTUI[AMH (B T. 4. B BUJIE TOBEPX-
HOCTHOTO 3arpsi3HEHUS).



«H3BecTns By30B. JlecHoii skypHam». 2025. Ne 3 ISSN 0536-1036

112

(01Z4-0281) 0T1€ (09€£-0€27) 055T (001Z-09Z1) 00ST (0r1Z-0L6) 00¥1 (S901-0LY) 016 SN
(TI'1-26'0) 90°1 (L9°0-5+°0) 05°0 e e G i) o€ e
Y0870 S50 SIS0 050 (0€°0-11°0) €1°0 (9¢°0-+1°0) 81°0 (LT°0+1°0) 9T°0 |
(009 01-0S09) 0LEL (0SL 91-0%16) 099 1 (008 0T-00St) 0LEL (0206-090€) 0809 (0¥8L-00L9) 00ZL bl
(8€°0-€°0) €0 (91°0-€1°0) ¥1°0 (60°0-L0°0) 80°0 (01°0-L00) 80°0 (s00-0) S0°0 e0)
{020-80°0)9T°0 (60°0-20°0) 800 (S00-€00) #0°0 90°0-+00) SO0
(058-00L) 018 (S0z-1L1) §81 (891-871) 8¥1 (091-0€1) O¥1 (68-99) 6.1 o
{009-0€0) 0LE FE€T-56) 80T F9-0v) v (695 89
(18-79) 89 (€561 (L6769 1°L (§'9-¢1) 6t (T119) 98 ny
(@TLD 8T (90°1-+L°0) 16°0 (05°0-9€°0) Tt'0 (09°0-8+°0) #5°0 (620-21°0) ST°0 0
TT500T (SS0-Zc0) €70 (ST0-8T0) €C0 (T€0-€C0I LT0
(9°1-6°0) 0°T (82°0-12°0) 92°0 (LT°0-60°0) TT°0 (€1°0-60°0) T1°0 (LT°0-01°0) TT°0 0D
6 1-L°0) 0°1 (€TL0) ¥ (+'0-2°0) €0 (§°0-2°0) ¥'0 (T1-€°0) 50 [%8)
(050 TT-0TT 81) 00L 0T (009 87081 22) 09€ ¥¢ (011 S1-059 €1) 008 €1 (091 61-0LE S1) 09T LI (OL16-08Lb) 0663 )
(006 LT-0SL TT) 018 ST (0ST ST-006 1) 0FS ¥1 (0T TT-0268) 09% 0T (0FS 7T-0816) 009 1T
(01°0-60°0) 60°0 (80°0-50°0) L00 o e PR e o
T00=C00) <00 PO0=Z00) €00 (£0°0-20°0) 200 (¥0°0-20°0) 200 (20°0-10°0) 20°0 od
(86-98) 26 (¥6-98) 06 y 3
ST T (€¥-L2) T¢€ (59-97) 8¢ (9¢-¥1) 6T eg
(0L1-0t) 98 (8¢-97) €¢ (zz=s1) 81 (61-¥1) S1 (07-6) 91 q
(009€-0LZ€) 0S¢ (068-5+9) 08L (00€-081) 07T (05€-0Z€) 0¥€ $97-0L1) 952 v
(0£8T-009) 026 (STS-060) 0¢Y (S0T-00) SL {08T-0ST) 01C
(0°01-0'6) ¥'6 (r'01-+'6) 9°6 (9's6') I'S (8°9-T'S) §'s (09—£%€) < errog
I8 <€90L (TL890L ST 3OST (=4 IE¥
QUHLII- ~ QUHLIIIOIOHIN
IDIHULOBI Q19901OU] [ mimodop edoy] LHOWOIC,

(Xew—uru) pajAl

‘() JUIU0D YSE [B)0) A1) pue (SISeq AIp—IIe uo 3/3W) Ymo13.19pun njnuaj snjndog Jo SUe310 SNOLIBA Ul SYUIWI[D [BINWIYD JO JUIUO0D Y T,
(xewr—uru) pajAl ‘(%) 9LIOHIIrOE BRIIQO XM M (BLLIIMIM 0I0XAI-OHIMATE0d 11/IN) pjnuay snpndog eirdodron xeneado xiaunurreed 9 ¢ saunexdaro)




113

"LOAALOLADLO UWHH AIOW eriiHsed
KBWHRBHE IMOOhMLOULEL) KIOIBERNOL OIOHIO ONIIOL MUhUIEH ULl ‘«XIGHHOIIIIRE) KIT — OUOLBHOWEHE 4 ‘doNeedQ0 «XI9LOMhY I UIFOLBERNOL — OLOLUIOUR ¢ :QUHBhOWU] |

«HM3BecTus By30B. JlecHoii skypHam». 2025. Ne 3

ISSN 0536-1036

A@nm\ommv .th ¢ ¢ 16 3 Cr_a¢ ¢ Cn_ ¢ ¢
CTTI0% (€760 81 (T1-5°0) L0 #1-9°0) L0 (8°0-+0) L0 1z
(z15-021) SIT (¥ST-0L) 091 (96-79) L8 (T01-6%) €L (v01-Tp) €8 uz
A@O«O|BOHOV wOuO Ch 1€ 13 PR 3 PR T ¢ PR i
900200V 500 (€0°0-10°0) 20°0 (20°0-10°0) 10°0 (20°0-10°0) 10°0 (20°0-10°0) 10°0 qA
(6°0-L0) 8°0 o o N e ey
COT0 50 (S£°0-60°0) TT°0 (910-90°0) 80°0 (0Z°0-60°0) 11°0 (T0-1°0) 10 A
AN“N\OaNV ﬁhN [N ¢ ¢ ¢ 3 Cn_ 6 ¢ PN 3
CTC0T60 600 9°0 (S°0-2°0) €0 (§°0-€0) €0 (6°0-2°0) ¥0 A
(9€1-611) 021 (€£-67) 0¢ (g1 61 (0z+1) 91 O1-1) €1 i
TS 10 9¢ Ot 1) 9 0193 .
(991-8¢€) 011 (€S1-29) 011 (€6-€h) 19 (FO1-0%) SL Ly91) v IS
(T 1-¥'0) 9°0 (8°0-2°0) $°0 (0 1-€°0) 0 (6°0-2°0) €0 (9°0-1°0) ¥0 ug
(000 11-0866) 00S 01 (0151-09¢1) 0Pl (008—€L9) 9€L (028-6€9) L (OLP-026) 06€ S
0£9S0LST) 06LY (06£-029) 0SL 0Sr910) 9¥C (067-L£7) 95€ .
(0€°0-+2°0) LT0 (80°0-50°0) 90°0 R R (o e 5
PT0-C00)2T0 CO0-T00) 200 (S0°0-10°0) 20°0 (¥0°0-10°0) 200 (£0°0-10°0) 10°0 S
(68°0-0L°0) SL°0 (#$°0-9€°0) S+°0 o o e o )
O0CE0 650 SO0 970 (9€°0-01°0) 81°0 (T¥0-51°0) $T°0 (€¥°0-+7°0) 0€°0 qd
(06£7-026) 0SP1 (0657-09t) 056 (0291-028) 0€T1 (0£6-02S) 079 (089-0L7) 0L d
(8%-$2) 9°¢ (91-9°0) ¥'1 (Te=sD 81 (I'1-5°0) L0 (L'0-5°0) 90 IN
(¥S1-901) ¥21 (8L¥¥) SS (0r—L7) €€ (Tr-1¢€) 9¢ (O0r=00) 92 eN
(88970) S¢ O¢61) ST 06l 0 €D 9T
(0¥°0-11°0) 81°0 (LT°0-€T1°0) ST (LT°0-90°0) ¥1°0 (91°0-80°0) 11°0 (01°0-90°0) 80°0 O\
(S12-8L1D) 061 (¥91-0€1) Tyl (r¥-17) 0€ (9e-1¢) T¢ 1-6) 01 U
{00T-2¥) 09 3€-97) €€ ST ST+ 91




114 «H3BecTns By30B. JlecHoii skypHam». 2025, Ne 3 ISSN 0536-1036

Cpenu Bcex M3yYCHHBIX OPTaHOB M YacTeil OCHHBI caMasi HU3Kasl 30JIbHOCTh U
MUHUMaJIbHAsI BaprnaOelbHOCTh JAHHOTO TOKa3aTelsl XapakTepHBI sl KOphl. Bepo-
STHO, B CBS3H C OTHM Pa3HHIIA MEXKIY YUCTHIMHU U 3aIBUICHHBIMH 00pa3iaMu Oblia
CTaTHCTUYECKH He3HAYMMA.

OObeMHas 107151 KOpbl JepeBbEB 3HAYMTENIbHA M BapbupyeT oT 7 1o 25 % B
3aBUCHUMOCTH OT JIPEBECHOW MOPOJbI, OJHAKO OOJIBIIMHCTBO TEXHOJOTHH Jiecore-
pepaboTky 6a3upyeTcss Ha UCTIONb30BaHUN HEOKOPEHHOM APEBECHHBI, TIOITOMY 00-
pasyrorcsa 6ombiie 00beMBI KOPbI, KOTOPBIE 3a9acTyi0 HE HAXOAAT PAllMOHAIHHOTO
npumeneHus [2]. Tem He MeHee, Kopa OCHUHBI JaBHO M Pa3HOCTOPOHHE HCIIONIb3YeTCS
B HApOTHOM MEOUIIMHE, a B HACTOSILEE BPEMS PACCMaTPUBAETCsl BO3BMOKHOCTh BHE-
JPEHMsI OCHHOBOM KOPBI B TAKOM KayecTBe B OUIIMaNBHYIO IpakTuKy [7, 10, 17, 28],
B MepByI0 ouepenb B BetepuHapuu [14]. s co3nanus TEXHOIOTHH pallMOHAIBHOM
epepadOoTKH KOPBI HEOOXOTUMBI 00JIee TITYOOKHE CBEJICHHUS O €€ CBOMCTBAX U XUMU-
YEeCKUM COCTaBe, KOTOpbIE, HECMOTPSI HA MHOTOYHCIICHHBIE MCCIIEIOBAHMSA, 10 CHUX
[Op OCTAKOTCS HEAOCTAaTOUHbIMU [7, 9, 17].

305bHOCTB cTE0IeH OCHHBI BBILIE, YEM 30JIbHOCTH €€ KOPBI, OTHAKO COACPKAHUE
OOMNBIIMHCTBA MCCIIEIOBAHHBIX X HAXOAUTCS B IPUMEPHO OAMHAKOBBIX HHTEpBasaX.
Ca, Sr, PuNioOHapy»eHbI B KOPE B MEHBIIINX KOJIMYECTBAX 10 CPABHEHHUIO CO CTEOIIIMHU,
a Cu HakarumBaeTcs 6oJsiee MHTEHCHBHO, YEM BO BCEX OCTANIBHBIX opraHax. OTIensHo
HeoOxoarMo 0OparuTh BHUMaHue Ha Cd — B 9acTv ipo0 KOPHI JAHHBIN 2JIEMEHT MPUCYT-
CTBYeT B 0ObeMe Ooltee | MI/KT, 4TO IIPEBBIIIAeT MPEeITFHO 0Ty CTUMbIE KOHIICHTPAITHH
(TTAK) nyist Gnonornuecku akTuBHBIX 100aBokK (CanlluH 2.3.2.1078—01) u nexapcTBen-
HOTO PAaCTUTENBHOTO ChIPbs [3]. CIIOCOOHOCTh OCHHBI K MOBBIIIICHHOMY HAKOTUICHHIO
B HayzeMHbIX opraHax Cd yxke ormeyanack panee [8]. bonee moapoOHO 0ocoOeHHO-
CTH DJIEMEHTHOTO XUMUYIECKOTO COCTaBa KOpwI P. fremula paccMoTpeHsl B pabote [9].

Omnpenenenue o0MIETO COEPKaHuUs 30JIbI B CTEOIISIX A0 CIIETYOIINE PE3YITb-
TaThl. 30JbHOCTh YHCTHIX U 3aBUICHHBIX 00pa3lloB CTATUCTHYECKU 3HAYUMO OTIIU-
yanach Kak Ajs 1-JeTHUX, Tak W JUIsi MHOTOJICTHUX CTEOJNeH, OHAKO 3aBUCHMOCTh
30JIbHOCTH OT BO3pacTa B JJAHHOM Cilydae BbIsiBIieHa He Obuta. CTaTUCTHYECKH 3Ha-
YUMbIC OTIIMYHMSI B JIEMEHTHOM XMMHUYECKOM COCTABE YMCTHIX W 3aIlbLICHHBIX CTe-
onett Obum oOHapyx)eHsl g Al, Ca, Cr, Fe, Ga, Mn, Na, Si u Ti; koapHunmreHTs
KOPPEJSIE MEXKIY CONIEpKaHUEM IePEUNCIICHHBIX AJIEMEHTOB M 30JbHOCTBHIO H3-
Mensunch ot 0,64 1o 0,87. DTo XOpOIIO COOTHOCUTCS € JIUTEPATypHBIMU JJAaHHBIMH,
nockosibky umeHHo Al, Cr, Fe, Si, Ti paccmarpuBaroTcs B KaueCTBE WHIMKATOPOB
MIPUCYTCTBHS MEAOT€HHBIX YacTHI] B pacTeHMsX [34], a B crarse [37] oTMeyaloT, 4To
Ha TOTEHIMAJIbHBIH aTMOC(EpPHBI HMCTOUYHUK 3arpsi3HCHUS] HAJ3€MHBIX OpPraHOB
P. purdomii Rehder yka3piBaeT nmoBsIllieHHOE conepkanue B HuX Cr.

HaubomnpIieit 301pHOCTBIO XapaKTepU3YIOTCS TUCThS. 30JIbHOCTh YEPEIIKOB U
JIMCTOBBIX IJIACTUH CTaTHCTUYECKU 3HAYMMO HE OTIMYAIOTCS MEXIy cO0OM, HO 3Ta
pasHuLa HaOIIoIaeTCs MEXKTy YUCTHIMU U 3alIbUICHHBIME 00pa3iaMu. Mbl yke oTMe-
YaJiy MOBBIIIEHHOE coiepykanne XD B JINCTBAX C YBEIMUEHHON 3abUIEHHOCTBIO [T
P tremula, [39] n psnga npyrux BumgoB [20]. [Tomumo Al, Ca, Cr, Fe, Ga, Mn, Na, Si
u Ti, B 3ambuIeHHBIX Yepenikax cogepxurcs oonpiie Ba, Be, La, Pb, Sc u Zr, a B -
CTOBBIX IIacTUHaX emie u V, Y, Yb. BeposiTHO, cTaTCTHYECKH 3HAYMMBbIE Pa3ITHHS
JUTSL 9TUX DJIEMEHTOB He OBbIIIM BBISIBICHBI TS CTE0JIeH M3-32 HU3KOW KOHLIEHTPAIIUH B
HuX X3 — B IUCTHSIX OHA 3HAUYNTENBHO BbIIIe. J1J1s1 30JbHOCTH U COJIepKaHUs yKa3aH-
HBIX XD OoTMedeHa npsmMasi CuiibHas KoppernsaiuonHas cBssb (0,75-0,93). Hecmotps
Ha ONM3KYIO 30JbHOCTD, DIIEMEHTHBIN XUMHUYECKHI COCTaB YEPENIKOB M JIMCTOBBIX
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MJIACTHH UMEET 3HAYUTEIBHBIC OTIIMYUS — B OCHOBHOM, B TIOCIICTHUX COACPIKUTCS
Oonpiiee komuaecTBO X0.

[IpoBeneHoO cpaBHEHHE 3JIEMEHTHOTO XMMHYECKOTO COCTaBa JIMCTHEB C TaK
HasbiBaeMbIM Reference Plant [27]. B uccrnemoBaHHbIX HaMu 00pasliaX HECKOIBKO
menbIre K, Mo, Mn, Na, Pb, orHocurenpHo Onuskue konueHrpanuu Ba, Cr, Cu, P,
collep KaHue MpeBaATUPYIONIeH yacTu ocTanbHBIX X3 B 2—10 pa3 Boime. OTAEIBHO
crout ormMetuth Al, Be, Cd, Ti u Zr — ux ypoBHH BbIIIIE Ha MOPSI0K U Oosiee. OaHAKO
BPSIIT JIH OTO SIBIISIETCS 0COOCHHOCTRIO P, tremula, IpudrHa MOXKET OBITH CBSI3aHA C
HEJI0CTAaTOYHO TOYHBIMH CPETHUMU 3HAYCHISIME COJlepKaHui qaHHbIX X0. Tak, 1mo-
kazatenu knapkoB 1o [19] B 30 pa3 Beie miist Al, B 100 pas — quist Be, B 6 pa3z — ans Ti
u B 75 pa3 — ans Zr. Bnpouem, knapk Cd B 10 pa3 mensiie — 0,005 Mr/Kr, 1 panee Mbl
y’K€ HEOJHOKPATHO BBICKA3bIBAJIM COMHEHHS B 0O0CHOBAaHHOCTH JIAHHOTO 3HAYCHUS,
nmockonbKy 3a 10 et nccnenosanuii 6onee 30 BUIOB pa3InIHBIX PACTEHUH KOHIICH-
Tparuu MeHee 0,1 MI/KT HaM HE BCTPEUAJIUCh.

Conepxxanune Cd mpesbitraer [1J[K B OomnbIneid yacTu pacCMOTPEHHBIX MTPOO
KaK YEpPEIlKOB, TaK U JIUCTOBBIX IJIACTUH. B Ipyrux opranax ero KOJIM4eCTBO SBHO
HUKE, XOTS B OTJACIBHBIX 00pa3iax Kopbl J0X0MuT a0 1,2 Mr/kr. JlocTaTo4uHO BBICO-
kue ypoBHH Cd npuBOAATCS B IMTEpaType JUis APEBECHHBI ¢ Kopoi (1,2 MI/Kr), npu
ATOM JJIsi CaMOW NPEBECHHBI MOKazareiah Oonee HM3Kkui [32]. Takoke I TUCTHEB
P. nigra L. oTMe4aroT 3HaYNTENIHHO MTOBBIIIIEHHBIE 110 CPABHEHHIO C CTEOISIMU U KOP-
Hsmu koHIeHTparuu Cd [26]. OnHako B padote [37] HapaBHE ¢ IOAOOHBIMU (aKTa-
MU, OOBSCHSIEMBIMU XOPOIIUM TPAHCIOKAIIMOHHBIM TIoTeHIranoM Cd, nmpuBoasiTes
U MPOTUBOIOJIOKHBIC — KOpHEeBas kommnapMmeHTanus Cd y TpaHCTEHHBIX TOIOJCH;
KpOME TOTO, B HEKOTOPHIX ciydasx B HakoruieHnu Cd pa3HBIMU opraHamMu pacTeHUH
BBISIBIICHBI JIMIITH HE3HAYUTEIFHBIC PA3THIHSL.

Konnentpanus Pb, Hanporus, HamuaOTO HIbke [1JIK Bo Bcex mcciemoBaHHbBIX
OpraHax U IpH 3TOM HAXOJIUTCsI IPAKTUYECKH B offHOM juarnazone — 0,10—0,65 mr/kr,
CTAaTHCTUYECKH 3HAYUMO OTIIMYAsICh JIMIIb B 3albUICHHBIX JIUCThIX (0,7—0,9 mr/kr).
Huskast 6uonoctynHocts Pb ormeuanack u panee [26] — tak, Hanpumep, P alba u
P, nigra moryT cBs3bIBaTh OOMBIIIYIO 4acTh Pb B BaKyoJIsIX KJIETOK KOPHSI, TEM CAMBIM
3amuimas GU3NOIOTHYECKA YSI3BUMbIE OPTaHBI OT TOKCHYHOTO BO3ACUCTBUS MeETa-
na. OgHako ecTh U Apyrue AaHHble [37] — B ONbITaX, COMPOBOKAAIOIIMXCS U3MEHEHU-
SIMH 3JIEMEHTHOTO XUMHUYECKOTO COCTaBa IMOYBKI, B Pa3HBIX CepHsX coiuepkanue Pb
MOTJIO OBITh BBIIIE KaK B KOPHSIX, TaK U B JIUCThSX.

Conmepxanne As u Hg mo pesynpraraMm MaHHOTO HCCIIETOBAHUS OKa3aloCh
HIke npenena ooHapyxeanst metogoM AAC — 0,03 u 0,01 MI/KT COOTBETCTBEHHO.

CTouT OTMETHUTH, YTO B YIIOMSIHYTOH 0030pHOI padote [37] mpoBeneH mMera-
aHaJIM3 TIOTJIOMICHHS TSDKENBIX METallOB Pa3lMYHBIMHU Buiamu Populus — paccMo-
tpensl Cd, Cr, Cu, Mn, Ni, Pb u Zn, BeIOpaHHBIE 110 UX 3KOJIOTUYECKON 3HAYMMOCTH
U JIOCTYITHOCTH JIaHHBIX. YKa3aHo, uTo u3 Oosiee uem 15 000 myOnmukamuii, uiis B
29 conmep:kach HEOOXOMMMBIC JUISI CPABHEHUS JTAHHBIC, IPUYEM OHH OBLIH TIPEI-
cTaBieHsl 1711 11 pa3HbIX BUAOB, KIIOHOB ¥ THOPHU/IOB, a YHCIIO U3YYEHHBIX dJIEMEH-
TOB — 110 1-2 B 15 myOnuKanusax v TUIIb B 7 CTaThIX — 5 U 0ojiee 2JIeMEeHTOB. ABTOPEI
MIPUBOIAT MHOTOUUCIIEHHBIE IPUMEPBI, TIOITBEPKIAFOIINE, YTO 3aKOHOMEPHOCTH Ha-
KOTLJICHHMSI Pa3JIUYHBIX AJIEMEHTOB B OpraHax BUIOB Populus KpaiiHe IPOTUBOPEUHBHI.

JlureparypHble JaHHBIE 00 IEMEHTHOM XUMHYECKOM COCTaBe UMEHHO P. trem-
ula xpaitane orpaHnndeHsl. B padote [25] mpuBOAATCS CBEICHUS O COACPXKAHUHA X B
TUCTBSIX P tremula, mpow3pacTaroneil Ha TePPUTOPHH XaHTHI-MaHCHHCKOTO aBTO-
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HOMHOTO Okpyra — FOrpsr (Mkr/r): Al — 15, As — 0,05, B — 17, Ca — 2483, Cd — 0,1,
Co-19,Cr-0,1,Cu—-1,2, Fe — 13, K — 3414, Mg — 1358, Mn — 126, Na — 1003,
Ni—-2,8,P-1784,Pb-0,1,Si—262, Sn—0,13, Sr—18, V—0,04, Zn — 28. CpaBHeHHE C
MIPEICTABICHHBIMHE B TA0JUIIe KOHIIEHTpausaMu X B JIMCTOBBIX IJTACTUHAX TIOKA3aJI0,
YTO JOBOJILHO ONHM3KH JaHHEIE UG It 4 snementoB — Co, Mn, Ni, P. B nuctesax u3
Ha3BaHHOTO peruoHa B 6—30 pa3 BeIme comepkanue Na, a BCe OCTaIbHBIC AIEMEHTHI
conepKarcs B 3HAYUTEITHFHO MEHBIINX KOJIMmUecTBax — oT 2—3 pa3 g0 20-50 u Gonee,
XOTS OCTaeTCs HETTOHATHBIM, YeM MOXKET OBITh BBI3BaHA HACTOIBKO pPe3Kas pa3HHIIA.
OnyOnukoBaHHBIE B pab0Te YENICKUX aBTOPOB [38] MaHHBIE IPAKTUYECKHU CO-
BITJIAFOT ¢ oiTydyeHHbIMU Hamu 110 Ca, K, P, Ho mo Mg Heckounbko Bbitre (5500 mr/kr).
P tremulaxtremuloides B ®unnsinaum [29] comepKUT B BETBSIX U JIMCTHAX (MI/KT)
22-47 u 170410 Al, 3-14 u 4-35 Cd, 1,0-1,1 u 0,6-1,0 Cr, 8-11 u 9-11 Cu, 4246
n 180-220 Fe,1-3 mw 4-16 Ni, 1200-2600 u 2400-4400 P, 3—5 u 846 Pb, 0,3-0,6 u
0,7-1,0V, 140-340 u 640-2400 Zn. KonnuecTBo OOIBIIMHCTBA HCCACAOBAHHBIX X
XOPOIIIO COOTHOCHUTCS C HAIIMMU JaHHBIMH B T. 4. U TI0 XapakTepy paclpeneieHus —
HAKOIUICHUE B JIUCTHSIX BHIIIE, YEM B BETBSIX. Upe3BhIUaiHO BHICOKHE KOHIICHTPALIUU
Cd, Pb 1 Zn 00BsCHAIOTCS TEM, YTO PACTEHHUS BBIPAIIUBAINCH HA 3arPS3HEHHON TH-
JKEJIBIMU MeTaJuTaMu TiouBe. B crarbe [37] Takke MoKa3aHo, YTO TSHKEIBIE METaJUTbI
HaKaIUIMBaJIHNCh B Populus spp., TpOU3pacTaonnx Ha 3arpsA3HEHHBIX TI0YBAX, B 3HA-
YUTENBEHO OONIBIINX KOHIICHTPAIUAX, YeM Y 0co0eH Ha He3arps3HEHHBIX MOYBaX.

Raxnrouenue

MaxkcumyM OONBITMHCTBA H3YYSHHBIX XUMHUECKHUX DIIEMEHTOB U3 BCEX Opra-
HOB OCHHBI COCPEIOTOUCH B JINCTHAX, 3a UckitoueHneM Cu (B kope) u K (B uepemnr-
Kax), B yepelikax OTMEUYarTCs 4yTh MEHbIHe konuuectsa. Toabko s Cd, Cu, Fe,
Na, Pb, Ti, V coxepkaHue B KOpe 0Ka3aJIOCh BBIIIE, YeM B CTEOISIX, ISl OCTAIBLHBIX
22 WCCIEeIOBaHHBIX AIIEMEHTOB — MEHbINIE WM paBHO. J[1si MHOTOIIETHUX CTeOei
IO CPaBHEHUIO C |-TeTHUMU 3aUKCHPOBAH HECKOIBKO OombImmii 00beM Ba, Fe, Ti,
Pb. Anamoru4HbiM 00pa30oM H3MEHSETCS U 30JIbHOCTh HCCJICIOBAHHBIX OPraHOB:
Kopa < MHOTOJIeTHHE cTeOnn < 1-neTHue cTedin < Yeperku < JTHUCTOBbBIC TUIACTHHBI.

Pa3Hunia B copepikaHUM MHOTHX M3YYEHHBIX XUMHUYECKHX JJIEMEHTOB B JIH-
cThsax P. tremula n cpemneMupoBBIX 3HaUeHUH Reference Plant, a Tarxoke KimapKoBBIX
3HAYCHUH 00BSICHICTCS HEJOCTATOYHO TOYHO YCTAHOBICHHBIMU CPETHUMH TTOKA3aTe-
JIIMU KOJTMYECTBA XUMHUYCCKHX JJICMEHTOB, B T. Y. COOTHOIIICHUEM Pa3IMYHBIX TKa-
Hell. JIutepaTypHbIe CBEICHUS 110 BOTIPOCY BEChMa HEMHOTOUYHCIICHHBI 1 HEOTHOPO/I-
HBI, BCTPEYAIOTCS KaK OJIM3KKE K MOTydYeHHBIM HAMH COZIEP)KaHUs dJIEMEHTOB, TaK H
ropaso 0ojiee HU3KKE U BHICOKHUE KOHIICHTPAIUH.

OTMEUYEeHO TPEBBINIEHUE MPEICIIBHO JOMYCTUMOM KOHIIGHTPAIUU JIJIS JISKap-
CTBEHHOTO PACTHTEIBHOTO CHIPhS MO conepkanuio Cd B JIHCTBAX, Yepenikax u OT-
JIENBHBIX TIpo0ax Kopbl ocuHbI (10 200 % OT mpenenbHO TOMYCTUMON KOHIIEHTpa-
1uu). KomudecTBo 0CTambHBIX XUMHUYECKUX 3JIEMEHTOB (JIJI1 KOTOPBIX MPOMHUCAHBI
TpeOOBaHMsI) HAXOAUTCS B TIPEJIe/iaX JaHHBIX HOPMATHBOB.

CIIMCOK JIMTEPATYPHI / REFERENCES

1. Apmamonosa B.C., bopmnukosa C.b. buoreoxuMndeckas XxapaKTepHUCTHKA KOPHE-
00HMTaeMOro CJI0S TPABSHUCTBIX PACTCHUI HAa PEKYJIBTHBHPOBAHHBIX Y4aCTKAX TEXHOICHHBIX
orxonoB // Becth. Ilepmck. yH-Ta. Cep.: buonorus. 2022. Beim. 2. C. 155-163.



ISSN 0536-1036 «HM3BecTus By30B. JlecHoii skypHam». 2025. Ne 3 117

Artamonova V.S., Bortnikova S.B. Biogeochemical Characteristics of the Root Layer
of Herbaceous Plants in Recultivated Areas of Man-Made Waste. Vestnik Permskogo univer-
siteta. Seriya Biologiya = Bulletin of Perm University. Biology, 2022, iss. 2, pp. 155-163.
(In Russ.). https://doi.org/10.17072/1994-9952-2022-2-155-163

2. I'apunoe H.P. CpaBHUTENBHBINA aHAIHM3 COCTaBa U COACPIKAHUS HEKOTOPBIX SKCTPaK-
THUBHBIX KOMIIOHEHTOB JIPEBECHUHBI U KOPBI OCUHbI (Populus tremula L.) // Jlecoxo3. uapopm.:
OnekTpoH. cereB. )kypH. 2016. Ne 1. C. 65-70.

Garipov N.R. Comparative Analysis of Structure and Maintenance of Some Extractive
Components of Wood and Bark of the Aspen (Populus tremula L.). Lesokhozyajstvennaya
informatsiya = Forestry Information, 2016, no. 1, pp. 65-70. (In Russ.).

3. TocynapctBennas hapmakornesi Poccuiickoit ®eneparuu. M3n. 14. T. 4. M.: Mus-Bo
3npas. PO, 2018. 1833 c.

State Pharmacopoeia of the Russian Federation. 14th ed. Vol. 4. Moscow, Ministry of
Health of the Russian Federation, 2018. 1833 p. (In Russ.).

4. I'pooeykas T.A., Bapanoe O.IO., Pycesckuii C.I., @edynosa TII., [llabanosa E.A.,
Koncmanmunoe A.B., Mawkuna O.C. MonexyasipHO-TeHETUUECKUI aHaIU3 Pa3MHOKEHHBIX
in vitro xnoHoB Populus alba L. n Populus tremula L. ¢ ucons30BaHIEM MHKPOCATEIUTHT-
HbIX MapkepoB // Jlecorexn. xxypH. 2021. T. 11, Ne 3(43). C. 16-30.

Grodetskaya T.A., Baranov O.Yu., Rzhevskiy S.G., Fedulova T.P., Shabanova E.A.,
Konstantinov A.V., Mashkina O.S. Molecular-Genetic Analysis of Propagated in vitro clones
of Populus alba L. and Populus tremula L. Using Microsatellite Markers. Lesotekhnicheskij
zhurnal = Forestry Engineering Journal, 2021, vol. 11, no. 3(43), pp. 16-30. (In Russ.).
https://doi.org/10.34220/issn.2222-7962/2021.3/2

5. Ipazvxkun A.B., Yan Y.T., Ban X.B., Ilpoxogpves A.H., Xoane M.A. KomruiekcHas
OIICHKA CBIPBEBBIX pecypcoB Oepe3HsikoB // M3B. By30B. JlecH. xypH. 2022. Ne 1. C. 23-35.

Gryazkin A.V., Trung T.T., Van H.V., Prokof’yev A.N., Hoang M.A. Integrated As-
sessment of Raw Material Resources of Birch Forests. Lesnoy Zhurnal = Russian Forestry
Journal, 2022, no. 1, pp. 23-35. (In Russ.). https://doi.org/10.37482/0536-1036-2022-1-23-35

6. lanunos [ A., Axoenes A.A., Cysopos C.A., Kpvinos HU.A., Kopuacos C.A., Xamu-
mog P.C. ®opMupoBaHHe HAI36MHOH (pUTOMACCHI TUCTBEHHBIX IPEBECHBIX ITOPOJT Ha MTOCTA-
rporeHHbIX 3emisix // 3B, By3oB. JlecH. xypH. 2023. Ne 1. C. 65-76.

DanilovD.A.,YakovlevA.A.,SuvorovS.A.,KrylovI.A.,KorchagovS.A.,KhamitovR.S.
Formation of Aboveground Phytomass of Deciduous Tree Species on Post-Agrogenic Lands.
Lesnoy Zhurnal = Russian Forestry Journal, 2023, no. 1, pp. 65-76. (In Russ.).
https://doi.org/10.37482/0536-1036-2023-1-65-76

7. Hetinexo M.I1., @aycmosa H.M. DneMeHTHBIN U TPYNINOBOA XMMHUYECKUN COCTaB
KOPBI ¥ IPEBECUHBI OCUHBI // XuMus pacT. ceipbst. 2015. Ne 1. C. 51-62.

Deineko I.P., Faustova N.M. Element and Group Chemical Composition of Aspen
Bark and Wood. Khimija Rastitel’'nogo Syr ja, 2015, no. 1, pp. 51-62. (In Russ.).
https://doi.org/10.14258/jcprm.201501461

8. XKenesnosa O.C., Yepuvix HA., Toopamos C.A. lluHK U KagMuii B puTOMacce
JIPEBECHBIX PACTEHHH JIECHBIX SKOCHCTEM: 3aKOHOMEPHOCTH TPAHCIIOKAINH, aKKYMYJISIIIAU
OaprepHbIx MexaHu3MoB // BectH. Poc. yH-Ta apyx0s1 HapoaoB. Cep.: Dkojorus u d6e3omac-
HOCTb xku3HeaeaTensuoct. 2017, T. 25, Ne 2. C. 253-270.

Zheleznova O.S., Chernykh N.A., Tobratov S.A. Zinc and Cadmium in Tree Species of
Forest Ecosystems: Patterns of Translocation, Accumulation and Barrier Mechanisms. Vestnik
RUDN. Seriya: Ekologiya i bezopasnost’zhiznedeyatel 'nosti = RUDN Journal of Ecology and
Life Safety, 2017, vol. 25, no. 2, pp. 253-270. (In Russ.).
https://doi.org/10.22363/2313-2310-2017-25-2-253-270

9. 3azypckasa FO.B., Cupomna T /. DneMEeHTHBI XUMIYECKUH COCTaB KOPBI OCHHBI Ha
OTBaJIaX YroJibHbIX KapbepoB Kysbacca // IIpupoaHo-pecypcHBId MOTEHIMAI U SKOJIOTHYe-
cKasi peaOmIIMTanust IerpaJipOBaHHBIX JIAHIIAPTOB: MaTepHalbl Hayd.-IPakKT. KoH). [po3-
Hblii: YeueHck. roc. yH-teT uM. A.A. Kagsiposa, 2023. C. 142-145.



https://doi.org/10.17072/1994-9952-2022-2-155-163
https://doi.org/10.34220/issn.2222-7962/2021.3/2
https://doi.org/10.37482/0536-1036-2022-1-23-35
https://doi.org/10.37482/0536-1036-2023-1-65-76
https://doi.org/10.14258/jcprm.201501461
https://doi.org/10.22363/2313-2310-2017-25-2-253-270

118 «H3BecTns By30B. JlecHoii skypHam». 2025, Ne 3 ISSN 0536-1036

Zagurskaya Y.V., Siromlya T.I. Elemental Chemical Composition of Aspen Bark from
Kuzbass Coal Mining Dumps. Prirodno-resursnyj potentsial i ekologicheskaya reabilitatsiya
degradirovannykh landshavtov: Collection of Materials of the International Scientific and
Practical Conference. Kadyrov Chechen State Univerisity, 2023, pp. 142—145. (In Russ.).
https://doi.org/10.36684/86-1-2023-142-145

10. Kapomamos U ., Pacynosa X.H. OcuHa — IEpCIIEKTUBEI UCTIONB30BAHUS B MEITH-
uHe (0030p smTeparypsl) / buonorust u unrerparuBHas meaunumHa. 2017. Ne 3. C. 157-162.

Karomatov 1.D., Rasulova H.N. Aspen — the Prospects of Use in Medicine (The Re-
view of Literature). Biologiya i integrativnaya meditsina, 2017, no. 3, pp. 157-162. (In Russ.).

11. Konvimos A.J., Macaes FO.A., Macaes B.FO. Bnusaue TEXHOIOTUN B3PBIBHBIX
paboT Ha cocTostHUEe OKpYykaroiiei cpepl B Kysoacce // Yroms. 2020. Ne 5. C. 57-62.

Kopytov A.l., Masaev Yu.A., Masaev V.Yu. Impact of Blasting Technology on the
Environment in Kuzbass. Ugo/’ = Russian Coal Journal, 2020, no. 5, pp. 57-62. (In Russ.).
https://doi.org/10.18796/0041-5790-2020-5-57-62

12. Konvimose A.Y., Hlaxneun C.B. HampapieHue COBEPIICHCTBOBAHUS CTPATETHH
pas3BuTHst YroapHO# oTpaciu Kysoacca / Yroms. 2018. Ne 5. C. 80-86.

Kopytov A.L., Shaklein S.V. Trends of Kuzbass Coal Industry Improvement Strategy.
Ugol’ = Russian Coal Journal, 2018, no. 5, pp. 80-86. (In Russ.).
http://dx.doi.org/10.18796/0041-5790-2018-5-80-86

13. Koponauuncxuui 1.1O., Bcmosckas T.H. JlpeBecHble pacTenus A3uarckoit Poccun.
HoBocubupck: I'eo, 2012. 707 c.

Koropachinskij I.Yu., Vstovskaya T.N. Woody Plants of Asian Russia. Novosibirsk,
Geo Publ., 2012. 707 p. (In Russ.).

14. Kysneyosa C.A., Cxeopyosa I'I1., Mopo3s A.A., Koporvkosa H.B., Cuucnenxo C.A.,
Jlesoanckuii B.A., Kysneyoe b.H., Yecnoros H.B. Ilonydenne BeTepuHAPHBIX MIPEMapaToB U3
KOPBI OCHHBI U U3yYEHHUE UX JIe4eOHO-TIPOYMIIAKTHYECKUX CBOMCTB ITPU SKCIIEPUMEHTAILHOM
smepuxuose KUBOTHBIX // Kypran COY. Xumus. 2018. T. 11, Ne 4. C. 604-615.

Kuznetsova S.A., Skvortsova G.P., Moroz A.A., Korolkova 1.V., Schislenko S.A.,
Levdansky V.A., Kuznetsov B.N., Chesnokov N.V. Obtaining Veterinary Preparations from
Aspen Bark and the Study of Their Therapeutic and Prophylactic Properties in Experimental
Escherichiosis of Animals. Zhurnal Sibirskogo Federal nogo universiteta. Khimiya = Journal
of Siberian Federal University. Chemistry, 2018, vol. 11, no. 4, pp. 604-615. (In Russ.).
http://doi.org/10.17516/1998-2836-0103

15. Jleones C.A., lapanosa A.B., Cemenxos H.H., Koponesa T.B. PactutenbHbIe CyK-
IIECCUH Ha OTBaJlaX YTONBHBIX IaXT B Jecoctenn Tynbckoi oomactu // M3B. PAH. Cep.: T'eo-
rp. 2020. T. 84, Ne 2. C. 239-245.

Lednev S.A., Sharapova A.V., Semenkov [.N., Koroleva T.V. Plant Successions on
Coal Mines’ Waste Piles in Forest-Steppe of the Tula Oblast. Izvestiya Rossiiskoi Akademii
Nauk. Seriya Geograficheskaya, 2020, vol. 84, no. 2, pp. 239-245. (In Russ.).
https://doi.org/10.31857/S2587556620020089

16. Manaxog FO.A. Oco6eHHOCTH 3apacTaHus OTBAJIOB Ha Pa3HBIX CTaJUAX BOCCTAHO-
BUTEJBbHOU cykieccun B Kysbacce // Yenexu coBpemeHHoro ecrectBozHanus. 2012. Ne 11.
Y. 1. C. 132-134.

Manakov J.A. The Characteristics of Revegetation on the Rock Dups at Different Stag-
es of Regenerative Successions in Kuzbass. Uspehi sovremennogo estestvoznanija = Advanc-
es in Current Natural Science, 2012, no. 11, part 1, pp. 132—134. (In Russ.).

17. Mapmuinos A.M., Yynapuna E.B. ViccnenoBanue (eHOIBHBIX COCIMHEHNHN U die-
MEHTHOTO cocTaBa Kopbl Populus tremula L. // Cub. men. xypa. (Mpkyrck). 2015. T. 133,
Ne 2. C. 118-120.

Martynov A.M., Chuparina E.V. Examination of Phenol Compounds and Element
Composition of Common Aspen Bark (Populus tremula L.). Sibirskij medicinskij zhurnal
(Irkutsk) = Baikal Medical Journal, 2015, vol. 133, no 2, pp. 118—120. (In Russ.).



https://doi.org/10.36684/86-1-2023-142-145
https://doi.org/10.18796/0041-5790-2020-5-57-62
http://dx.doi.org/10.18796/0041-5790-2018-5-80-86
http://doi.org/10.17516/1998-2836-0103
https://doi.org/10.31857/S2587556620020089

ISSN 0536-1036 «HM3BecTus By30B. JlecHoii skypHam». 2025. Ne 3 119

18. Huxynuna H.C., Bocmpukosa I'IO., /[mumpenxos A.U., Purumonosa O.H., Huxy-
aun C.C. 3amuTHast 00paboTKa IpeBECHHBI CMOJIOH Ha ocHOBe (paxuun C,, Moxudumposan-
HOI OTXOaMH TTOJTUMeTIIIMeTakprnata // 3B. By30B. JlecH. xypH. 2014. No 6(342). C. 138-143.

Nikulina N.S., Vostrikova G.Yu., Dmitrenkov A.I., Filimonova O.N., Nikulin S.S. Pro-
tective Processing of Wood on the Basis of C, Fraction Modified by Polymethyl Methacrylate
Waste. Lesnoy Zhurnal = Russian Forestry Journal, 2014, no. 6(342), pp. 138—143. (In Russ.).

19. Pomanxesuy E.A. )KuBoe BemecTBo 3eMin (OMOre0XUMHUYIECKHE acTIeKThI IpooIIe-
MbI) // Teoxumus. 1988. Ne 2. C. 292-306.

Romankevich E.A. Living Matter of the Earth (Biogeochemical Aspects of the Prob-
lem). Geokhimiya = Geochemistry International, 1988, no. 2, pp. 292-306. (In Russ.).

20. Cupomna T.HM. XuMuueckue »JIeMEHTHI B paCTEHHUSX — (DOJIMAPHBIN MyTh ITOCTY-
ruieHust // buoreoxumust — HaydHast OCHOBA YCTOWYHMBOTO Pa3BUTHS U COXPAHEHHUS 37J0POBbSI
genoBeka: Tp. XI Mexaynap. ouoreoxumud. mkoisr. Tyma: TT'TIY, 2019. T. 2. C. 262-266.

Siromlya T.I. Plant Chemical Elements — Foliar Uptake. Biogeochemistry — the Sci-
entific Basis for Sustainable Development and Protection of Human Health: Proceedings of
the XI International Biogeochemical School. Tula, Tula State Pedagogical University, 2019,
vol. 2, pp. 262-266. (In Russ.).

21. Cobonesa C.B., Boponun B.M., Ecsixosa O.A. ConepxaHue OUOJIOTHUCCKU aKTHB-
HBIX BEIL[ECTB BOAHO-ITAHOJIBHBIX SKCTPAKTOB U3 KOPBI OCHHBI U M3yYCHUE HX POCTPETYIHPY-
roriei akTUBHOCTH // Xumust pacT. coipbs. 2020. Ne 1. C. 373-380.

Soboleva S.V., Voronin V.M., Esyakova O.A. The Content of Biologically Active Sub-
stances Water-Alcohol Extracts of Aspen Bark. Khimija Rastitel’'nogo Syr ja, 2020, no. 1,
pp. 373-380. (In Russ.). http://doi.org/10.14258/jcprm.2020014442

22. Vpaszbaes X.K. OTKpbITHIN c11oco0 100b14H yruis // AkTyait. mpoOlieMbl COBpEMeH-
HocTH. 2021. Ne 1(31). C. 182-186.

Urazbayev H.K. An Open Way of Extracting Coal. Aktualnye problemy sovremennosti=
Actual Problems of Modern Times, 2021, no. 1(31), pp. 182-186. (In Russ.).

23. IJapes A.Il. MHOTOOOpa3ue MCIIOIB30BAaHMS APEBECUHBI Tomojel // 3B. By30B.
JlecH. xxypH. 2018. Ne 5. C. 48—64.

Tsarev A.P. The Diversity of Use of Poplar Wood. Lesnoy Zhurnal = Russian Forestry
Journal, 2018, no. 5, pp. 48—64. (In Russ.). https://doi.org/10.17238/issn0536-1036.2018.5.48

24. [Japes A.Il., Lapesa PII, Llapes B.A., Jlayp H.B. CenexyoOHHbIC UCTIBITAHUS
(dakTopranbHBIX THOPUIOB Populus tremula L. B 1oBeHMITEHOM BO3pacte // V3B. By30B. JlecH.
KypH. 2022. Ne 5. C. 9-20.

Tsarev A.P., Tsareva R.P., Tsarev V.A., Laur N.V. Breeding Tests of Juvenile Factori-
al Hybrids of Populus tremula L. Lesnoy Zhurnal = Russian Forestry Journal, 2022, no. 5,
pp. 9-20. (In Russ.). https://doi.org/10.37482/0536-1036-2022-5-9-20

25. lleguenxo O.C., Hexopowes C.B. MuHEpalbHBIN COCTAB JINCTHEB OCHHBI OOBIK-
HOBEHHOI{, pou3pacTraronieil Ha TeppuTOpur XaHThI-MaHCHHCKOr0 aBTOHOMHOTO OKpyTa —
IOrpst // Xumus. Dxonorust. YpOaHucTHKa: MaTeprHansl Beepoc. Hayd.-TipakT. KoH). (¢ Mex-
nyHap. yuactueM). Ilepms: I[lepMck. Han. ucenen. noaurexH. yH-1, 2021. T. 2. C. 206-209.

Shevchenko O.S., Nekhoroshev S.V. Mineral Composition of the Leaves of the Com-
mon Aspen Growing on the Territory of the Khanty-Mansi Autonomous Okrug — Yugra.
Khimiya. Ekologiya. Urbanistika: Proceedings of the All-Russian Scientific and Practical
Conference (with International Participation). Perm, Perm National Research Polytechnic
University, 2021, vol. 2, pp. 206-209. (In Russ.).

26. Baldantoni D., Cicatelli A., Bellino A., Castiglione S. Different Behaviours in Phy-
toremediation Capacity of Two Heavy Metal Tolerant Poplar Clones in Relation to Iron and
Other Trace Elements. Journal of Environmental Management, 2014, vol. 146, pp. 94-99.
https://doi.org/10.1016/j.jenvman.2014.07.045

27. Dunn C.E. Biogeochemistry in Mineral Exploration. Handbook of Exploration and
Environmental Geochemistry, 2007, vol. 9, pp. 1-460.
https://doi.org/10.1016/S1874-2734(07)09001-8



https://elibrary.ru/item.asp?id=38308295
https://elibrary.ru/item.asp?id=38308295
http://doi.org/10.14258/jcprm.2020014442
https://doi.org/10.17238/issn0536-1036.2018.5.48
https://doi.org/10.37482/0536-1036-2022-5-9-20
https://doi.org/10.1016/j.jenvman.2014.07.045
https://doi.org/10.1016/S1874-2734(07)09001-8

120 «H3BecTns By30B. JlecHoii skypHam». 2025, Ne 3 ISSN 0536-1036

28. Guleria S., Singh H., Sharma V., Bhardwaj N., Arya S.K., Puri S., Khatri M. Poly-
hydroxyalkanoates Production from Domestic Waste Feedstock: a Sustainable Approach to-
wards Bio-Economy. Journal of Cleaner Production, 2022, vol. 340, art. no. 130661.
https://doi.org/10.1016/j.jclepro.2022.130661

29. Hassinen V., Vallinkoski V.-M., Issakainen S., Tervahauta A., Kédrenlampi S., Ser-
vomaa K. Correlation of Foliar M72b Expression with Cd and Zn Concentrations in Hybrid
Aspen (Populus tremula>tremuloides) Grown in Contaminated Soil. Environmental Pollu-
tion, 2009, vol. 157, iss. 3, pp. 922-930. https://doi.org/10.1016/j.envpol.2008.10.023

30. Kivinen S., Koivisto E., Keski-Saari S., Poikolainen L., Tanhuanpda T., Kuzmin A.,
Viinikka A., Heikkinen R.K., Pykala J., Virkkala R., Vihervaara P., Kumpula T. A Keystone
Species, European Aspen (Populus tremula L.), in Boreal Forests: Ecological Role, Knowl-
edge Needs and Mapping Using Remote Sensing. Forest Ecology and Management, 2020,
vol. 462, art. no. 118008. https://doi.org/10.1016/j.foreco.2020.118008

31. Kozlov M. V., Zverev V. Suitability of European Aspen (Populus tremula) for Re-
habilitation of Severely Polluted Areas. Russian Journal of Ecology, 2022, vol. 53, no. 3,
pp- 181-190. https://doi.org/10.1134/S1067413622030067

32. Pesonen J., Kuokkanen T., Kaipiainen E., Koskela J., Jerkku I., Pappinen A., Villa A.
Chemical and Physical Properties of Short Rotation Tree Species. European Journal of Wood
and Wood Products, 2014, vol. 72, pp. 769-777. https://doi.org/10.1007/s00107-014-0841-5

33. Platonov A.D., Snegireva S.N., Drapalyuk M.V., Novikov A.l., Kantyeva E.V.,,
Novikova T.P. Wood Quality along the Trunk Height of Birch and Aspen Growing in the Re-
storing Forests of Central Russia. Forests, 2022, vol. 13, no. 11, art. no. 1758.
https://doi.org/10.3390/f13111758

34. Reimann C., Koller F., Frengstad B., Kashulina G., Niskavaara H., Englmaier P.
Comparison of the Element Composition in Several Plant Species and Their Substrate from
a 1 500 000-km? area in Northern Europe. Science of the Total Environment, 2001, vol. 278,
iss. 1-3, pp. 87-112. https://doi.org/10.1016/S0048-9697(00)00890-1

35.Rogers P.C., Pinno B.D., Sebesta I, Albrectsen B.R., Li G., Ivanova N., Kusbach A.,
Kuuluvainen T., Landhdusser S.M., Liu H., Myking T., Pulkkinen P., Wen Z., Kulakowski D.
A Global View of Aspen: Conservation Science for WideSpread Keystone Systems. Global
Ecology and Conservation, 2020, vol. 21, art. no. e00828.
https://doi.org/10.1016/j.gecc0.2019.e00828

36. Thakur A.K., Kumar P., Parmar N., Shandil R.K., Aggarwal G., Gaur A., Srivas-
tava D.K. Achievements and Prospects of Genetic Engineering in Poplar: a Review. New
Forests, 2021, vol. 52, pp. 889-920. https://doi.org/10.1007/s11056-021-09836-3

37. Tozsér D., Horvath R., Simon E., Magura T. Heavy Metal Uptake by Plant Parts
of Populus Species: a Meta-Analysis. Environmental Science and Pollution Research, 2023,
vol. 30, pp. 69416-69430. https://doi.org/10.1007/s11356-023-27244-2

38. Vesela H., Lhotakova Z., Albrechtova J., Frouz J. Seasonal Changes in Tree Foli-
age and Litterfall Composition at Reclaimed and Unreclaimed Post-Mining Sites. Ecological
Engineering, 2021, vol. 173, art. no. 106424 https://doi.org/10.1016/j.ecoleng.2021.106424

39. Zagurskaya Yu.V., Siromlya T.I., Kotsupiy O.V., Babaeva E.Yu., Ufimtsev V.I
Physiological and Biochemical Characteristics of Populus tremula Leaves in Anthropogenic
Disturbed Habitats. BIO Web of Conferences: IV(VI)th All-Russia Scientific-Practical Con-
ference “Prospects of Development and Challenges of Modern Botany”, 2018, vol. 11, art.
no. 00050. https://doi.org/10.1051/bioconf/20181100050

Kongpnuxm unmepecos: ABTOpbI 3asIBISIIOT 00 OTCYTCTBUU KOH(IIUKTAa HHTEPECOB
Conflict of interest: The authors declare that there is no conflict of interest

Bkuax aBTopoB: Bee aBTophl B paBHOI 710716 y4acTBOBAJIN B HAMCAHUY CTaTbU
Authors’ Contribution: All authors contributed equally to the writing of the article


https://doi.org/10.1016/j.jclepro.2022.130661
https://doi.org/10.1016/j.envpol.2008.10.023
https://doi.org/10.1016/j.foreco.2020.118008
https://doi.org/10.1134/S1067413622030067
https://doi.org/10.1007/s00107-014-0841-5
https://doi.org/10.3390/f13111758
https://doi.org/10.1016/S0048-9697(00)00890-1
https://doi.org/10.1016/j.gecco.2019.e00828
https://doi.org/10.1007/s11056-021-09836-3
https://doi.org/10.1007/s11356-023-27244-2
https://doi.org/10.1016/j.ecoleng.2021.106424
https://doi.org/10.1051/bioconf/20181100050

ISSN 0536-1036 «HM3BecTus By30B. JlecHoii skypHam». 2025. Ne 3 121

Original article
VK 634.739
DOI: 10.37482/0536-1036-2025-3-121-131

Adaptation Features of Kamchatka Bilberry
(Vaccinium praestans Lamb.) Plants Grown in vitro

Natal’ya R. Sungurova'™, Doctor of Agriculture, Assoc. Prof.;

ResearcherID: H-1847-2019, ORCID: https://orcid.org/0000-0002-8464-4596

Sergey S. Makarov?, Doctor of Agriculture; ResearcherID: AAK-9829-2021

ORCID: https://orcid.org/0000-0003-0564-8888

Anton I. Chudetsky?, Candidate of Agriculture; ResearcherID: H-1210-2019,

ORCID: https://orcid.org/0000-0003-4804-7759

Yuliya S. Cheryatova?, Candidate of Biology, Assoc. Prof.;

ORCID: https://orcid.org/0000-0001-5614-2225

"Northern (Arctic) Federal University named after M.V. Lomonosov, Naberezhnaya Severnoy
Dviny, 17, Arkhangelsk, 163002, Russian Federation; n.sungurova@narfu.ru™

2Russian State Agrarian University — Moscow Timiryazev Agricultural Academy,
ul. Timiryazevskaya, 49, Moscow, 127550, Russian Federation; s.makarov@rgau-msha.ru,
chudetski@rgau-msha.ru, u.cheryatova@rgau-msha.ru

Received on November 23, 2023 / Approved after reviewing on February 18, 2024 / Accepted on February 20, 2024

Abstract. Currently, the demand for berry products with high nutritional and medicinal value
is increasing. To preserve biodiversity and industrial propagation, it is necessary to grow
plants in vitro and create a gene bank. Kamchatka bilberry (Vaccinium praestans Lamb.) is
one of the valuable and rare forest berry plants, which requires the improvement of accelerated
propagation technologies for further cultivation. The aim of the study has been to investigate
the adaptation features of in vitro propagated V. praestans plants under ex vitro conditions and
in open ground. The objects of the study have been V. praestans plants (2 hybrid forms and
3 selected forms from natural populations) obtained by the in vifro method. Morphometric
parameters of the regenerated plants have been taken into account under ex vifro conditions
when grown on various substrates (high-moor peat; peat + river sand 3:1; peat + vermiculite
3:1; peat + perlite 3:1; peat + zeolite 3:1) treated with aqueous solutions of growth stimu-
lants (Zircon 0.5 ml/l; Epin-extra 0.5 ml/l). When adapting ex vitro, the highest survival rates
(90 %), number of shoots (3.8 pcs. on average) and number of leaves (5.1 pcs. on average) of
the V. praestans regenerated plants on the 28th day after transplantation have been revealed on
a substrate made of a mixture of peat and zeolite (3:1) when treated with Epin-extra 0.5 ml/l.
For the first time, the morphometric parameters and yield dynamics of V. praestans plants
obtained by clonal propagation have been studied in open ground conditions in the natu-
ral and climatic conditions of Moscow, the Kostroma Region and the Khabarovsk Territory.
The maximum shoot length in 2022-2023 was recorded in hybrid form 235261 (7.0-7.4 cm
on average). The highest yield of 2—5-year-old V. praestans plants in open ground conditions
has been noted in hybrid forms (362.75-383.0 g/m? on average) and has varied depending on
the growing area.

Keywords: Kamchatka bilberry, Vaccinium praestans, adaptation, ex vitro, survival rate, in-
troduction, morphometric parameters, yield

Acknowledgements: The work was carried out with the support of the Ministry of Science
and Higher Education of the Russian Federation within the framework of the agreement on

This is an open access article distributed under the CC BY 4.0 license


https://www.webofscience.com/wos/author/record/792946
https://orcid.org/0000-0002-8464-4596
https://www.webofscience.com/wos/author/record/491345
https://orcid.org/0000-0003-0564-8888
https://www.webofscience.com/wos/author/record/1077189
https://orcid.org/0000-0003-4804-7759
https://orcid.org/0000-0001-5614-2225
mailto:n.sungurova@narfu.ru
mailto:s.makarov@rgau-msha.ru
mailto:chudetski@rgau-msha.ru
mailto:u.cheryatova@rgau-msha.ru

122 «H3BecTns By30B. JlecHoii skypHam». 2025, Ne 3 ISSN 0536-1036

the provision of a grant in the form of subsidies from the Federal budget for state support
for the creation and development of a world-class scientific centre “Agrotechnologies of
the Future”.

For citation: Sungurova N.R., Makarov S.S., Chudetsky A.I., Cheryatova Yu.S. Adaptation
Features of Kamchatka Bilberry (Vaccinium praestans Lamb.) Plants Grown in vitro. Lesnoy
Zhurnal = Russian Forestry Journal, 2025, no. 3, pp. 121-131.
https://doi.org/10.37482/0536-1036-2025-3-121-131

Hayunas crares

Oco0eHHOCTH aiaNITALIMM PACTEHUI KPACHUKHU
(Vaccinium praestans Lamb.), BbIpalleHHBIX in vitro

H.P. Cynzyposa', 0-p c.-x. nayx, ooy.; ResearcherID: H-1847-2019

ORCID: https://orcid.org/0000-0002-8464-4596

C.C. Maxapoé?, 0-p c.-x. Hayk, ResearcherID: AAK-9829-2021

ORCID: hitps://orcid.org/0000-0003-0564-8888

A.HU. Uyoeuxuir?, kano. c.-x. nayk, ResearcherID: H-1210-2019

ORCID: https://orcid.org/0000-0003-4804-7759

F0.C. Yepamoesa?, kano. 6uon. nayx, ooy.;, ORCID: https.//orcid.org/0000-0001-5614-2225
ICeBepHbIif (ApKTHUECKHIT) PenepanapHbli yHuBepcuTeT M. M.B. JlomonocoBa, Hab. CeBep-
Hoii JIsunel, a. 17, . Apxanrensck, Pocens, 163002; n.sungurova@narfu.ru™

2Poccuiickuii ToCy1apCTBEHHBIN arpapHblil yHUBEPCUTET — MOCKOBCKas CEJIbCKOX03HCTBEH-
Has akagemus nM. K.A. TumupsizeBa, yin. TumupsseBckas, 1. 49, Mocksa, Poccns, 127550;
s.makarov@rgau-msha.ru, chudetski@rgau-msha.ru, u.cheryatova@rgau-msha.ru

ITocmynuna 6 peoaxyuio 23.11.23 / Odobpena nocne peyensuposanus 18.02.24 / [punsma k nevamu 20.02.24

Annomauyusa. B HacTosmee BpeMst BO3pACcTaeT CIPOC Ha ATOTHYIO MPOAYKIIHIO C BBICOKOH IH-
IIEBOM M JIEKAPCTBEHHOH 1IEHHOCTHI0. J[71s1 coxpaHeHus1 0Mopa3Hoo0pa3us U MPOMBIIIITICHHOTO
Pa3sMHOXKEHUST HEOOXOAMMO BBIPAIIMBAHUE PACTCHUH B KYJIBTYPE in Vitro W CO3/IaHIE TCHETH-
gyeckoro 0anka. Kpacuuka (Vaccinium praestans Lamb.) — 0HO U3 IEHHBIX U PEIKUX JIECHBIX
SITOJIHBIX PACTEHH, ISl €r0 JAaJbHEHIIero KyIbTHBUPOBAHHS TPEOyeTCsl COBEPIICHCTBOBAHUE
TEXHOJOTUH YCKOPEHHOTO pasMHOKeHHs. Llenp mccnenoBaHust — nM3ydeHne 0CoOEHHOCTEH
aJanTaluy MOMYYCHHBIX in Vitro pacTeHuil V. praestans B yCIOBUSAX ex Vitro U B OTKPBITOM
rpyHre. OObeKThI HCCIIeA0BaHus — pacTeHust V. praestans (2 TuOpuanbie GOpMbl U 3 0TOOPHBIE
(bOpMBI U3 IPUPOAHBIX MOMYISLMN), BEIPALLIEHHBIE METOIOM i Vitro. YuuTbhiBaiu Mophome-
TPHUYECKUE TIOKA3ATEIN PACTEHUI-PETeHEPAHTOB B YCIOBHSX €X Vifro TPH KyJIbTHBHPOBAHUN
Ha pa3IM4HbIX cyOcTparax (Topd BepxoBoro tuma; Topd + pednoii necok 3:1; Topd + Bep-
MUKYJHT 3:1; Topd + nepaur 3:1; Topd + neonur 3:1) ¢ 00pabOTKON BOAHBIME PacTBOPAMH
crumyssitopoB pocta (Lupkon 0,5 mu/n; Dnun-skerpa 0,5 mur/n). [lpu ananrauu V. praestans
ex vitro HanOonpIHe TprkuBaeMocThb (90 %), uncio moberos (B cpeaHeM 3,8 IIT.) M JTUCTHEB
(B cpenrem 5,1 mT.) Ha 28-e CyTKH MOCTE NMEPECajKy BBIABICHB Y PACTEHUI-PEreHEPaHTOB
Ha cyOcTpare n3 cMecu topda ¢ reonautom (3:1) mpu 00paboTke mpenaparoM DMHH-IKCTPa
0,5 mu/n. BriepBbie B YCIIOBHSIX OTKPBITOIO IPYHTa B MPUPOIAHO-KIMMATHYECKUX YCIOBHSX
. Mockgsl, Koctpomckoii obact 1 XabapoBCKOTO Kpasi H3y4airn MOPPOMETPHUCCKHE 10~
KazaTey ¥ TUHAMUKY YPO)KaHOCTH pacTeHUH V. praestans, MOTYyYEHHBIX METOJOM KJIOHAJb-
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HOTO pa3MHOXeHHUs. MakcumanbHas JurHa modera B 20222023 rr. oTMeueHa y THOpUIHOM
¢dopmbr 235261 (B cpennem 7,0-7,4 cm). Haubombinas yposkaifHOCTb 2—5-JICTHUX PacTCHUI
V. praestans B OTKpBITOM TpyHTe 3auKcHpoBaHa y rHOpuIHBIX (opMm (B cpenHem 362,75—
383,0 r/m?) u pa3nuyaercs B 3aBUCMMOCTH OT PaiflOHa BbIPAIIUBAHMSL.

Knioueesvie cnosa: kpacuuxa, Vaccinium praestans, agantanusi, ex vitro, IpUKUBAEMOCTb,
MUHTPOLYKIIHUS, MOP(POMETPUUECKUE MTOKA3ATEIIH, YPOXKAHHOCTD

bnazooapnocmu: PaGora BbinonHeHa npu coxeiictBun MunHoOpHayku Poccun B pamkax
CoIIallIeHHs O MPEJOCTaBICHUH I'paHTa B popme cydcuanii u3 deaepaibHOro OropKeTa Ha
OCYILECTBJIEHHE rOCYIapCTBEHHOM MOICP)KKH CO3/IaHMs U Pa3BUTHUS HAYYHOTO LIEHTPa MU-
POBOTO YPOBHS «ATPOTEXHOJIOTUU OyIyIIETO».

na yumuposanus: Sungurova N.R., Makarov S.S., Chudetsky A.l, Cheryatova Yu.S.
Adaptation Features of Kamchatka Bilberry (Vaccinium praestans Lamb.) Plants Grown in
vitro // V3B. By30B. JlecH. xypH. 2025. Ne 3. C. 121-131.
https://doi.org/10.37482/0536-1036-2025-3-121-131

Introduction

The genus Vaccinium L. (family Ericaceae) contains more than 4 thousand
species, of which the most valuable are representatives of the subfamily Vaccinioi-
dae, widespread in Europe, Southeast and Central Africa, Asia, North and Central
America. Berry crops of the Ericaceae family are among the best dietary sources of
biologically active compounds, which are of great interest to nutritionists and food
technologists [7, 9]. The main biologically active substances identified in Vaccinium
spp. include anthocyanins (cyanidin, malvidin, and delphinidin), flavonoids (querce-
tin, isoquercetin, and astragalin), phenolic acids (gallic, P-coumaric, cinnamic, sy-
ringic, ferulic and caffeic acids), and iridoids [2, 17]. Numerous scientific studies
of Vaccinium spp. fruits confirm their high content of biologically active substances
with pronounced antioxidant, antimicrobial, and anti-inflammatory properties, help-
ing in the fight against diabetes, obesity, cancer, atherosclerosis, rheumatoid arthri-
tis, neurodegenerative and cardiovascular diseases, etc. In addition, Vaccinium spp.
plants, especially those with a high content of polyphenols such as anthocyanins, are
believed to be able to inhibit and initiate apoptosis in cancer cells. Scientists have
described the inhibition of tumor growth, angiogenesis and metastasis when using
extracts of Vaccinium spp. fruits [1, 3, 8, 10, 19].

Currently, there is a growing demand throughout the world for products of
wild berry plants with high nutritional and medicinal value, including Kamchatka
bilberry (Vaccinium praestans Lamb.), which has become widespread mainly only
in the regions of its natural growth [11, 24]. The nutritional and functional proper-
ties of Kamchatka bilberry described in literature justify the growing interest in this
berry crop. V. praestans fruits are a rich source of micronutrients and phytochemical
compounds beneficial to health, such as organic acids, sugars, vitamins, fiber, and
phenolic compounds [12, 18, 20-22].

Taking into account the limited range and reduction of natural populations of
V. praestans due to the increasing anthropogenic load and unregulated exploitation
of berry lands, as well as the unavailability of plant material outside the Russian Far
East, the most optimal and effective method of reproduction of this species today is
clonal micropropagation [5, 15, 16]. The creation of an in vitro gene bank will con-
tribute to the preservation of the gene pool of economically valuable forms of Kam-
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chatka bilberry and the possibility of their further breeding and industrial cultivation.
At the same time, additional research is needed on the adaptation of regenerated
plants in non-sterile ex vitro conditions — one of the most difficult stages of micro-
plant development.

The aim of this study has been to investigate the adaptation features of in vitro
propagated V. praestans plants under ex vitro conditions and in open ground.

Research Objects and Methods

The objects of the study have been the most productive forms of V. praestans
selected in places of their natural growth — Sakhalin (the Korsakovsky District of
the Sakhalin Region), Iturup (the Kurilsky District of the Sakhalin Region),
Khabarovsk (the Khabarovsky District of the Khabarovsk Territory), as well as
the promising hybrid forms created on their basis — 129634 and 235261 — candidates
for varieties (see Figure).

S 3

The hybrid forms of V. praestans in the variety testing sites:
a—129634; b — 235261

Studies on clonal plant micropropagation have been carried out according to
generally accepted methods [13]. At the stage of adaptation to non-sterile ex vitro
conditions, regenerated plants have been transplanted from the first 10 days of March
to the third 10 days of May into substrates made of high-moor peat (pH, ., —2.8...3.5),
which has been pre-steamed (sterilized) at a temperature of +90 °C, including a mix-
ture with river sand (in a ratio of 3:1), vermiculite (3:1), perlite (3:1) and fine-grained
zeolite (3:1). At that, the river sand has been pre-washed and calcined at a tempera-
ture of +180 °C for 2 hours. The plants have been adapted under illumination of
8,000 lux, air temperature of +25 °C and a relative air humidity of 80-90 %. In addi-
tion, the plants have been sprayed with aqueous solutions of growth stimulants Zir-
con (Nest-M, Russia) at a concentration of 0.5 ml/l and Epin-extra (Nest-M, Russia)
at a concentration of 0.5 ml/l; spraying with water has been used as control. After 14
and 28 days after transplantation, plant survival rate has been considered, as well as
the number of shoots and the number of leaves per plant.

After 90 days of adaptation, the planting material has been transplanted to
variety testing sites in various natural and climatic conditions: in the central part
of the European part of Russia — the Kostroma District of the Kostroma Region
(LLC “Krem”), Moscow (the Arboretum named after R.I. Schroeder of the Russian
State Agrarian University — Moscow Timiryazev Agricultural Academy); in the Far
East of Russia — the Lazo District of the Khabarovsk Territory (Agricultural Consum-
er Processing Supply and Marketing Cooperative “Berry Symphony”). The plants
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have been planted according to a 1.5%0.3 m pattern in prepared trenches 1.5 m wide
and 0.5 m deep, filled with high-moor peat. The morphometric parameters of plants
have been taken into account, such as shoot length (cm), lamina dimensions (cm), in-
florescence length (mm), flower diameter (mm), fruit diameter (mm) and weight (g).
The yield has been determined by the weight of berries per unit area (g/m?) [23].

Statistical processing of experimental data has been carried out using generally
accepted methods [6] and Microsoft Office Excel 2019 software.

Results and Discussion

As a result of the conducted experimental studies, it has been established that
when adapting to non-sterile ex vitro conditions, the regenerated V. praestans r plants
obtained by the method of clonal micropropagation have had the highest survival rate
(90 %) when grown on a substrate made of a mixture of peat and zeolite (3:1) with
simultaneous treatment with Epin-extra growth stimulant 0.5 ml/l. The survival rate
has been lower on peat substrates, peat-sand mixtures 3:1, peat-vermiculite mixtures
3:1, also with Epin-extra treatment 0.5 ml/I (75, 70 and 68 %, respectively). The low-
est plant survival rate has been observed on a substrate made of a mixture of peat and
perlite 3:1 (45-60 %). At the same time, no statistically significant differences have
been found in the number of plant shoots depending on the substrate and prepara-
tion treatment, although the values have been maximal when treated with Epin-extra.
There have also been no significant differences in the number of leaves, however, on
the 28th day of adaptation, the highest values have been observed in the substrate
variant made of a mixture of peat and zeolite 3:1, and the highest values have been
observed when treated with Epin-extra 0.5 ml/l and Zircon 0.5 ml/l (5.1 and 4.7 pcs.
on average, respectively) (Table 1).

Table 1
The survival rate and morphometric parameters of V. praestans plants during

adaptation to non-sterile ex vitro conditions depending on the adaptation timing
and treatment with growth-stimulating preparations

Substrate Treatment option Survival rate, % Number .
of shoots, pcs. | of leaves, pcs.
On the 14th day
High-moor peat Control (water) 60 2.6+0.36 3.24+0.35
Zircon 0.5 ml/l 69 2.4+0.28 3.0+£0.26
Epin-extra 0.5 ml/1 75 3.0+0.11 3.1+0.19
Peat + river sand 3:1 Control (water) 52 2.5+0.40 3.6+£0.27
Zircon 0.5 ml/l 66 2.6+0.32 2.94+0.31
Epin-extra 0.5 ml/l 70 2.8+0.19 3.0+0.25
Peat + vermiculite 3:1 Control (water) 57 3.0+0.12 3.3+0.32
Zircon 0.5 ml/1 48 2.6+0.36 3.5+0.19
Epin-extra 0.5 ml/l 68 2.2+0.30 3.840.11
Peat + perlite 3:1 Control (water) 45 2.3+£0.29 3.1+£0.06
Zircon 0.5 ml/l 50 2.2+0.21 3.34+0.11
Epin-extra 0.5 ml/l 60 2.1+0.23 3.4+0.18
Peat + zeolite 3:1 Control (water) 50 2.0+0.25 3.2+0.11
Zircon 0.5 ml/1 61 2.6+£0.31 3.7+0.13
Epin-extra 0.5 ml/ 90 2.8+0.17 3.0+0.18
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End of Table 1

Substrate Treatment option Survival rate, % Number Number
of shoots, pcs. | of leaves, pcs.
On the 28th day

High-moor peat Control (water) 60 2.9+0.31 3.840.38
Zircon 0.5 ml/l 69 3.0+0.33 4.0+£0.21

Epin-extra 0.5 ml/I 75 3.1+0.18 3.840.26

Peat + river sand 3:1 | Control (water) 52 2.7+0.41 3.9+0.25
Zircon 0.5 ml/1 66 2.9+0.32 3.3+0.34

Epin-extra 0.5 ml/l 70 3.2+0.17 3.5+0.26

Peat + vermiculite 3:1 | Control (water) 57 3.0+0.10 3.5+0.34
Zircon 0.5 ml/l 48 2.6+0.36 4.0+0.15

Epin-extra 0.5 ml/I 68 2.0+£0.16 3.9+0.10

Peat + perlite 3:1 Control (water) 45 2.5+0.27 3.4+0.10
Zircon 0.5 ml/1 50 2.9+0.30 3.7+0.17

Epin-extra 0.5 ml/l 60 2.8+0.28 3.8+0.16

Peat + zeolite 3:1 Control (water) 50 2.240.23 3.4+0.10
Zircon 0.5 ml/1 61 2.9+0.34 4.7+0.26

Epin-extra 0.5 ml/I 90 3.8+0.44 5.1+£0.53

V. praestans plants adapted to non-sterile ex vitro conditions and fully ready
for transplantation have been planted in experimental open ground plots with high-
moor peat in various growing areas. The morphometric parameters of the plants of
the studied Kamchatka bilberry forms are presented in Table 2.

Table 2

The average morphometric parameters of introduced V. praestans plants
in various growing areas

Testing site

Parameter Moscow The Kostroma Region The thbarovsk
Territory
2022 | 2023 2022 | 2023 2022 | 2023

Hybrid form 129634
Shoot length, cm 6.6+0.47 | 6.9+0.42 | 6.5+0.42 | 6.4+0.44 | 6.6+0.42 | 6.8+0.48
Lamina length, cm | 6.2+0.44 | 6.240.49 | 5.94+0.41 | 6.0+0.43 | 6.4+0.50 | 6.5+0.52
Lamina width, cm | 3.5+0.31 | 3.240.29 | 2.94+0.30 | 3.0+0.32 | 3.4+0.36 | 3.4+0.36

Inflorescence 14.941.23 | 15.241.23| 14.6+1.14 | 14.8+1.19 | 15.5+1.15| 16.0+£1.23

length, mm

Ellgwerd‘ameter’ 6.440.59 | 6.540.56 | 6.5:0.44 | 624049 | 6.740.61 | 7.0+0.64

Fruit diameter, mm | 11.1+1.08 | 11.2£1.04 | 11.8£1.06 | 12.1=1.11 | 11.5+0.89 | 11.8+0.98

Fruit weight, g 1.6£0.16 | 1.7+0.14 | 1.620.13 | 1.6+0.15 | 1.8+0.15 | 1.9+0.18
Hybrid form 235261

Shoot length, cm 7.1£0.58 | 7.2+0.62 | 7.0£0.62 | 7.1+£0.65 | 7.2+0.74 | 7.4+0.71
Lamina length, cm | 3.8+0.31 | 4.1+0.38 | 3.8+0.32 | 4.0+0.32 | 4.3+0.38 | 4.5+0.41
Lamina width, cm | 2.5+0.26 | 2.6+0.29 | 2.44+0.25 | 2.5+0.28 | 2.7+0.35 | 2.8+0.30

}“ﬂorescence 18.440.85 | 18.240.89 | 17.7+0.82 | 17.6=0.79 | 19.0+0.92 | 19.5£0.98
ength, mm

ler‘;lwer diameter, | g 0,040 | 92043 | 9.0:025 | 8.940.22 | 9.4+0.22 | 9.740.27
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End of Table 2
Testing site
Parameter Moscow The Kostroma Region The thbarovsk
Territory
2022 2023 2022 2023 2022 2023
Fruit diameter, mm | 13.2+1.06 | 13.5+1.09 | 14.0£1.03 | 14.1£1.06 | 14.2+1.10 | 14.5+1.12
Fruit weight, g 1.740.18 | 1.60.16 | 1.6+0.19 | 1.6£0.17 | 1.7+0.22 | 1.8+0.20
The Sakhalin form
Shoot length, cm | 6.4+0.44 | 6.5£0.40 | 6.120.32 | 6.0+0.36 | 6.5+0.50 | 6.9+0.52
Lamina length, cm | 5.740.35 | 6.040.39 | 5.5+0.30 | 5.7+0.35 | 5.9+0.44 | 6.0+0.48
Lamina width, cm | 3.3+0.24 | 3.4+0.26 | 2.540.23 | 2.6£0.25 | 3.240.31 | 3.0+0.32
Inflorescence 14.241.07 | 14.4+1.10 | 14.5+0.99 | 14.8+1.03 | 15.4+1.16 | 15.6+1.12
length, mm
Sgwerd‘ameter’ 6.340.50 | 6.4+0.54 | 5.9+0.40 | 6.0£0.43 | 6.840.60 | 6.6+0.58
Fruit diameter, mm | 9.620.90 |10.0+0.96 | 11.2+0.95 | 11.6+0.98 | 10.4+0.94 | 10.5+0.98
Fruit weight, g 1.540.10 | 1.6+0.12 | 1.6+0.14 | 1.5+0.11 | 1.6£0.18 | 1.7+0.12
The Iturup form
Shoot length, cm | 5.8+0.54 | 6.0£0.58 | 6.140.65 | 6.5+0.60 | 6.7+0.62 | 7.0+0.68
Lamina length, cm | 3.7+0.32 | 3.840.34 | 3.7£0.34 | 3.8+0.36 | 4.1+0.45 | 4.2+0.40
Lamina width, cm | 2.4+0.25 | 2.5+0.27 | 2.6+0.27 | 2.4+0.26 | 2.4+0.37 | 2.6+0.34
{nﬂorescence 14.5£1.04 | 14.841.09 | 16.240.60 | 16.5+0.62 | 17.5+0.84 | 18.1+0.80
ength, mm
ler‘;werdlameter’ 7.3+0.52 | 7.5+0.59 | 8.2+0.40 | 8.4+0.42 | 9.1+0.26 | 9.4+0.29
Fruit diameter, mm | 11.2+0.98 | 10.9£0.92 | 12.8+1.06 | 13.0+1.02 | 13.8+1.00 | 14.1+1.05
Fruit weight, g 1.6£0.13 | 1.5+0.15 | 1.7+0.15 | 1.7+0.18 | 1.7+0.15 | 1.7+0.14
The Khabarovsk form

Shoot length, cm | 5.7+0.34 | 5.8+0.37 | 6.0+0.35 | 6.040.39 | 6.3+0.47 | 6.6+0.45
Lamina length, cm | 6.140.42 | 6.040.45 | 5.040.44 | 5.2+0.45 | 6.0+0.48 | 6.3+0.50
Lamina width, cm | 2.8+0.24 | 3.0£0.25 | 2.8+0.32 | 2.7+0.29 | 3.0£0.30 | 3.2+0.32
Inflorescence 14.4+1.07 | 14.841.13 | 13.841.02 | 13.6+1.06 | 14.6+1.11 | 15.0+1.15
length, mm
fnll‘:qwerd‘ameter’ 6.240.50 | 6.440.54 | 624045 | 644041 | 624055 | 6.3£0.69
Fruit diameter, mm | 10.91.06 | 10.6=1.06 | 11.2+1.14 | 11.4+1.17 | 11.2+0.92 | 11.120.94
Fruit weight, g 1.6£0.17 | 1.6+0.15 | 1.620.22 | 1.6+0.18 | 1.7+0.19 | 1.7+0.16

Unfortunately, to date only a few published results of studies on the cultiva-
tion of V. preastans in vitro and their adaptation ex vitro are known. According to
the study by G. Staniené et al. [26], the survival rate of regenerated V. preastans
plants under ex vitro conditions on a sandy substrate has been 33.3—100 % depending
on the form, whereas in our study the maximum survival rates (88-91 %) have been
noted when plants have been transplanted in May onto high-moor peat, peat + river
sand 3:1 and peat + zeolite 3:1. The positive experience of using the growth-regulat-
ing preparation Zircon at the stage of adaptation of V. preastans regenerants in terms
of increasing plant survival and morphometric parameters is consistent with the re-
sults of our other studies on its use in the adaptation of in vitro-obtained V. praestans
plants of natural forms from the Sakhalin Region and lingonberry (V. vitis-idaea) to
ex vitro conditions on peat substrates [4]. The results obtained can be used to improve
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the elements of the technological cycle of accelerated cultivation of V. praestans us-
ing the clonal micropropagation method.

For all propagated V. praestans hybrid plants, an assessment has been car-
ried out for distinctiveness, homogeneity and stability in comparison with the parent
forms based on morphological characteristics [14].

The Kamchatka bilberry plants of all the studied forms at the variety testing
sites have been completely preserved during the observation period. In the 3rd and
4th year of cultivation in the open ground, V. praestans plants had the following
average morphometric indicators: shoot length — 5.7-7.4 cm; lamina dimensions —
3.7-6.5x2.5-3.5 cm; inflorescence length — 14.2-19.5 mm; flower diameter —
6.2-9.7 mm; fruit diameter — 9.6—14.5 mm; fruit weight — 1.5-1.9 g. No statistical-
ly significant differences in the studied morphometric parameters have been found
depending on the growing area, although the maximum values have been observed
mainly in hybrid forms. Meanwhile, the plants of the studied forms are characterized
by a pronounced anthocyanin coloration of the shoots of the current year, weak or
moderately pronounced anthocyanin coloration of the leaves, pink or slightly pink
coloration of the flowers, and red or dark red coloration of the fruits.

The yield accounting over the course of 4 years has shown that, on average, the
highest yields have been achieved by hybrid forms of Kamchatka bilberry in all areas
of the study: form 129634 — 364.25-383.0 g/m?, form 235261 — 362.75-379.25 g/m?
(Table 3). The Khabarovsk form growing in the Khabarovsk Territory has had
ayield close to that of hybrid forms on average over 4 years (354.25 g/m?). Otherwise,
the yield indicators of natural forms have been lower.

Table 3
The average yield of in vitro grown V. praestans plants in various growing areas
Yield, g/m?2
Form by year Average
2020 [ 2021 | 2022 | 2023 for 4 year
The Kostroma Region
Hybrid 129634 182+16.5 | 380+36.2 | 402+38.0 550+53.2 378.50
Hybrid 235261 202+£19.2 | 382+35.5 | 362+35.6 505+49.2 362.75
Sakhalin 165+15.1 | 352+33.2 | 350+£33.1 4524438 329.75
Iturup 134+12.6 | 341£32.8 | 325+30.1 438+41.5 309.50
Khabarovsk 141+13.8 | 332432.1 316+29.7 426+40.6 303.75
Moscow
Hybrid 129634 185+17.2 | 370+36.0 | 382+36.8 520+50.6 364.25
Hybrid 235261 180+£16.2 | 390+37.8 | 373+£35.9 512450.1 363.75
Sakhalin 152+14.6 | 330+£30.4 | 321£30.8 454443.0 314.25
Tturup 145£14.2 | 320£29.8 | 309+29.0 445+42.6 304.75
Khabarovsk 150+14.8 | 310+29.4 | 302+28.4 433+41.8 298.75
The Khabarovsk Territory
Hybrid 129634 192+15.9 | 388+36.4 | 411£39.0 541+51.8 383.00
Hybrid 235261 210420.1 | 4054£38.6 | 380+35.8 522+49.6 379.25
Sakhalin 142+13.9 | 355+33.4 | 364+35.9 452443.5 328.25
Tturup 144+14.1 | 346+£32.4 | 352+33.5 464443 .4 326.50
Khabarovsk 183+16.6 | 372+36.7 | 370+35.2 4924+48.0 354.25

In general, there has been an increase in yield with increasing plant age. Thus,
on variety testing sites in the open ground, this indicator has been: for hybrid form
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129634 in the 1st year of cultivation — on average 182—192 g/m2, in the 2nd year —
2.1 times higher, in the 3rd year — 2.1-2.2 times higher, in the 4th year —2.8-3.1 times
higher, compared to the 1st year; for hybrid form 235261 in the 1st year of cultivation —
on average 180-210 g/m?, in the 2nd year — 1.9-2.2 times higher, in the 3rd year —
1.8-2.1 times higher, in the 4th year — 2.5-2.8 times higher; for the Sakhalin form
in the Ist year of cultivation — 142—165 g/m?, in the 2nd year — 2.2-2.5 times higher,
in the 3rd year — 2.1-2.6 times higher, in the 4th year — 2.8-3.2 times higher; for
the Iturup form in the 1st year of cultivation — 134145 g/m2, in the 2nd year — 2.3—
2.6 times higher; in the 3rd year — 2.1-2.5 times higher, in the 4th year — 3.1-3.3 ti-
mes higher; for the Khabarovsk form in the 1st year of cultivation — 141-183 g/m?,
in the 2nd year — 2.1-2.4 times higher, in the 3rd year — 2.0-2.1 times higher, in
the 4th year — 2.7-3.0 times higher. At this, hybrid form 235261 has shown a slight
decrease in yield (on average by 17-25 g/m?) in the 3rd year of cultivation, compared
to the 2nd year. A similar trend has been observed in the Iturup and Khabarovsk forms
in the conditions of the Kostroma Region and Moscow, as well as in the Sakhalin
form in the conditions of Moscow. Most likely, this is due to the influence of early
spring frosts in 2022, which have contributed to the freezing of flower buds. In other
years of observation, no damage has been noted.

The data obtained on the yield of natural forms of V. praestans in crop con-
ditions in the studied regions are quite consistent with the data obtained in the early
2000s by scientists from the All-Russian Horticultural Center for Breeding, Agro-
technology and Nursery (Moscow, Russia), where the yield of plants in crop con-
ditions in the Moscow Region in different years has been equal to: for the Kunashir
form (the Kurilsky District, the Sakhalin Region, Russia) from 297.0 to 355.9 g/m?,
for the Sakhalin form (the Yuzhno-Sakhalinsky District, the Sakhalin Region, Rus-
sia) — from 362.5 to 502.8 g/m?2 [25]. At this, the yield in crop conditions has turned
out to be approximately 2—4 times higher than in natural conditions in years with
high yields, where it averages up to 90 g/m? [12]. This indicates the prospects of crop
cultivation of this species, especially high-yielding hybrid forms, as a valuable food,
medicinal and also ornamental plant, in the conditions of the European part of Russia
and the Far East.

Conclusions

Thus, the highest survival rate of regenerated V. praestans during adaptation
to non-sterile ex vitro conditions has been revealed when using a substrate made of
amixture of peat and zeolite (3:1) and simultaneous treatment with Epin-extra growth
stimulant 0.5 ml/1 (90 %). The yield of Kamchatka bilberry plants obtained by clonal
micropropagation has depended on the origin of the form and the growing area, and
has generally increased with increasing plant age from 2 to 5 years. The results ob-
tained allow us to recommend the use of a mixture of peat and zeolite 3:1 and Epin-
extra growth stimulant as an element of improving the technology of adaptation of
in vitro propagated V. praestans plants when grown in the conditions of the European
part and the Far East of Russia.
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Annomayusa. JIns BBITIONHEHHUS OCBETICHHS JICCHBIX KYJIBTYp HEOOXOAMMO HPUMEHSTH
MEXaHU3MPOBAHHBIC CPEJCTBA, TAKHE KaK HOXeBble Karku. O030p HAay4dHOH JHTEpaTypHI
MOKa3aJl, 9TO OTCYTCTBHUE OTCUCCTBEHHBIX HOXKEBBIX KaTKOB — 3HAUMTENbHAs Mpodiema
IPHU UCKYCCTBEHHOM JIECOBOCCTAaHOBIEHHUH. L{enb TaHHOrO MCCIEeJOBAHUS 3aKIIOYAETCS B
000CHOBaHMN TEXHOJOTMYECKUX MAapaMETPOB HOXKEBBIX KAaTKOB C yYETOM HMX MOJOKCHHS
OTHOCHUTENIBHO MOBEPXHOCTH IOYBBI, a TaKXKE YPOBHS YKECTKOCTU IMPEAOXPaHUTEIbHBIX
npyxuH. s pa3paboTKu mapaMeTpoB HOBBIX THUIIOB OpYAHMH TpeOyeTcs HCIOIb30BaHHE
COBPEMEHHBIX ITPOTPaMMHBIX CPEJCTB, MO3BOJISIONIMX YYUTHIBATh BCE JCHCTBYIOIIME HA
KOHCTPYKIHIO (pakTopsl. C IOMOIIBIO CHCTEM aBTOMATH3UPOBAHHOTO MPOEKTHPOBAHUS CO-
371aHa 3-MepHas TBEpAOTEIbHAs MOJIENb HOXKEBOTO KaTKa, KOTopast cTaia 00beKTOM n3yue-
Husi. O030p METOI0B MOJECITMPOBAHNUS MTOKA3all, YTO HanOosee IIMPOKO CETO/IHS TPUMEHSI-
I0TCS TIOJIXOABI, Oa3upyIONIHecs Ha YUCICHHBIX pacueTax. /s ocymecTBICHHS pacyeToB
MIPUMEHSUICST KOMIUIEKC «YHUBEPCAJIbHBIM MeXaHu3M 9.1», nmpeqHasHa4eHHBINH Ui MoJie-
JUPOBAHUS AMHAMHYECKAX M KHHEMAaTHYECKUX ITPOIECCOB B MEXaHHYECKHX CHCTEMax.
C moMonIpio Ha3BaHHOTO IPOTPAMMHOT0O KOMIUIEKca ObUIa CO37[aHa BUPTYalIbHAs MOJEIb
HOXXEBOTO KaTKa, YYUTHIBAIOIIAsl B3aMMOJICHCTBHE 3BEHBEB MAIIMHbBI ¥ CHJIBI TPEHUS KaTKa
IIPU KOHTAKTE C TPYHTOM. [IpOBeZCH BBIYMCIUTENBHBINA HKCIIEPUMEHT IO YCTAHOBICHHIO
KMHEMaTHYECKNUX U TMHAMUYECKUX XapaKTEPUCTHK KaTKa MTPH Pa3HBIX YPOBHSIX JKECTKOCTH
MIPEIOXPAHNTENBHBIX TPYXUH M M3MEHCHHH BBICOTHI YCTAHOBKH HaBECKH OTHOCHTEIEHO
MOBEPXHOCTH MOYBHI. Ompesienensl Takue mapaMeTphl, Kak TPacKTOpHUS JABMXKCHUS HaBe-
CKH, TSITOBOE YCHUJIME TPAKTOpa U CHJIbI, BOZHUKAIOUINE B MPOLECCE B3aUMOJIEHCTBUS KaT-
Ka ¢ rpyHTOM. Ha ocHOBe pa3paboTaHHBIX NMapaMeTpoB ObII M3TOTOBJIEH OIBITHBINA 00pa-
3eIl HO)KEBOTO KaTkKa, KOTOPBIN IpolIes JabopaTopHbIe MCIIBITAHUS B TOYBEHHOM KaHaJe.
B Xoze 9KCIIepUMEHTOB ¢ HCIOIb30BAHNEM TEH30METPUIECCKOTO 000PYIOBaHHS U3MEPCHBI
TSTOBBIC YCHIIHSI, HEOOXOAMMBIE JiIsi paboThl opyaust. [losyueHHbIe JaHHBIC TTOITBEPANIH
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TOYHOCTh MpEIaracMoi MMHUTALMOHHONW MojeiH, e¢ 3(PEKTUBHOCTD IS AalbHEHIIIEro
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Abstract. To carry out the thinning of forest crops, it is necessary to use mechanized means,
such as knife rollers. The review of scientific literature has shown that the lack of domes-
tic knife rollers is a significant problem in artificial reforestation. The aim of this study has
been to substantiate the technological parameters of knife rollers, considering their position
relative to the soil surface, as well as the level of rigidity of the safety springs. To develop
the parameters of new types of tools, it is necessary to use modern software that allows tak-
ing into account all the factors affecting the design. Using computer-aided design systems,
a 3-dimensional solid model of a knife roller has been created, which has become the object of
study. A review of modeling methods has shown that the most widely used approaches today
are those based on numerical calculations. To perform the calculations, the Universal Mecha-
nism 9.1 complex has been used, designed for modeling dynamic and kinematic processes in
mechanical systems. Using the named software package, a virtual model of a knife roller has
been created, taking into account the interaction of the machine links and the friction force of
the roller upon contact with the ground. A computational experiment has been conducted to
establish the kinematic and dynamic characteristics of the roller at different levels of rigidity
of the safety springs and a change in the height of the hitch installation relative to the soil sur-
face. Parameters such as the trajectory of the hitch movement, the tractor traction force, and
the forces arising during the interaction of the roller with the soil have been determined. Based
on the developed parameters, a prototype of a knife roller has been manufactured, which
has passed laboratory tests in a soil channel. In the course of experiments using strain gauge
equipment, the traction forces required for the operation of the tool have been measured.
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The data obtained have confirmed the accuracy of the proposed simulation model and its effi-
ciency for further design and practical application.
Keywords: knife roller, kinematics, dynamics, simulation modeling, UMlab, CAD
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Bseoenue

Y4uuThIBast 3HAYUTEIbHBIE TEMITBI COKPAIICHUS JIECHBIX ILIOMIAIel He0OXO0IH-
MO MPOBOJIUTH HCKYCCTBEHHOE JIeCOBOCCTaHOBICHUE. OJTHMM M3 3TAIOB JIECOBOCCTA-
HOBIICHUS SIBIISIETCSI OCBETICHHE JICCHBIX KYNBTYp. PydHas BeIpyOKa 3arimylIarominx
OCHOBHBIE KYJIBTYPBI HACAKJCHUH 001a1aeT HU3KOM POU3BOIUTEIBHOCTBIO, TIOITO-
My TPEANOYTUTEIHHO MCIOIh30BATh MEXaHU3UPOBAHHBIE OPYIUs, B T. Y. HOKEBbIC
KaTKH, JJis pa3pabOTKH KOTOPBIX TpeOyeTcss 000CHOBATh UX KUHEMATUYCCKUE U JTU-
HaMHYeCKHe mapamMeTpsl [1].

3amaua, pacCMOTpPEHHAs B JAHHOHM CTaThe, 3aKIIOYASTCS B TOM, YTOOBI IPeEJI-
JIOKUTHh UMUTAIIMOHHYIO MOJIENTh OPYIUS — HOXKEBOTO KaTKa C TIPEAOXPaHUTEIHHBIMHU
MPY>KUHAMU, IPEAHA3HAYCHHOTO JIJIsl TPOBE/ICHHUS OCBETIICHUH JICCHBIX KYIbTYD. [lis
peasu3aiyy 3To! 33/1a491 HCII0JIh30BaHbl METO/IbI UMUTAITUOHHOTO MOJICITUPOBAHUSI.

HccnenoBanusiMu OMBITHOTO 00pa3iia Iiiyra 1 HOKEBOTO pOTOpa Kak B IOYBEH-
HOM KaHaJjie, TaK M B MOJICBBIX yciaoBusx 3aHumanuck Ucgul Mustafa et al. [16—19].
Wmu Ob1T0 yCTaHOBIIEHO, YTO IUCKPETHO-3IeMeHTHOe MoaennpoBanue (DEM) ume-
€T TIOTSHIIMAJ JJIsl TPOrHO3UPOBAHUS CHUJI O0Pa0OTKU M JBUYKEHUS [TOYBBI OPYIHUEM.
[Tomy4eHs! TATOBBIE YCHIIHS, BEPTUKAIbHAS CHJIA U ABM)KEHUE TTOUYBHI B IIONIEPEIHOM
HalpaBJICHUH U B POJOIBHBIX TIIOCKOCTSX. TEOpeTHYECKOEe 1 IKCIIEPUMEHTAILHOE
M3ydeHne HOKEBOTO Karka BeImoHeHo Musabbir Abdullah et al., Ye S et al. [15, 20].
O00ocHOBaHBI KOHCTPYKTUBHBIC HapameTphl JIe3BHI Ha KaTKax i d((EKTUBHOTO
pe3aHus COIOMBI C YIETOM Beca KaTKa. TAroBble XapaKTepUCTUKN TPAKTOPOB 1O MO-
JIeJIA TPOTHO3UPOBaHUs Brixius myTem CHSITHS MOKa3aHUI TEH30aTYMKAMU C HaBe-
CKH opyaus ocBsIIeHBI B padbotax Kim Wan-Soo et al., Kim Yeon-Soo et al. [11-13],
M0 JTAaHHBIM KaK AKCTIIEPUMEHTOB, TaK M TCOPETHUYCCKUX M3BICKAHUI. YCTaHOBIICHO,
YTO Harpy3Ka Ha 3a/IHIOI0 OCh U PAaCcXOJ] TOIUIMBA OOJbIIIE BCErO 3aBUCST OT KOMOU-
HaIK DIyOUHBI 00paOOTKK OTBAJIBHBIMY ILUTyTaMu U BbIOOpa niepenayn. Bornpocam
B3aMMOJICHCTBHS pabOYMX OPTaHOB C TPaHYIMPOBAHHON MOYBEHHOM CpeIoi MOCBs-
mieHo uccnenoBanue V. Bivainis et al. [8]. B paborax Hui Ma et al. u3yuena monens
potopa [14]. Ucnons3yst Umlab, E.E. KinyOnuukuH paccMoTpen B3auMOACHUCTBHS
koJieca ¢ nouBoi [5]. B.M. ITocMeTheB ¢ TOMOIIBIO KOMIIBIOTEPHOTO MOJEIUPOBAHUS
uccienosai jgecoBo3 [6]. B.E. KiyOHHYKMH MMHUTAIIMOHHO CMOJICIIMPOBAI PYJIEBOEC
VIIpaBJICHHE TIOTPY309HO-TPAHCIIOPTHON MamuHbI [4]. B paborax .M. baprenesa,
E.I. Xutposa, 1.B. I'puropsesa [1, 3, 7] paccMOTpeHBI COBPEMEHHBIE CHCTEMBI Ma-
IIVH, TEXHOJIOTHH JIECOBOCCTAHOBICHUS M METO/BI MX pacyeTa.

B Hammx wuccienoBaHusIX paHee Mbl ucmonb3zoBadn Matlab  Simulink,
Solidworks Motion, SimInTech, Umlab [2, 9-11]. 3a cuer nmpuMeHeHuUs1 TaHHOTO
MPOrpaMMHOT0 00ecIeueHUs] BO3MOXKHO OBICTPO Pa3padoTaTh MOJETh M MPOBECTH
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BBIYUCIIMTEIIBHBIN IKCIIEPUMEHT, ITO3TOMY B MIPEJCTABIIICMOM UCCIICIOBAHUN TaKKE
peureHo O0bUI0 Ucnonb3oBaTh Umlab (YHuBepcanbHbiil Mexanusm 9.1). Ha ocHoBa-
HUKM 0030pa cHOPMYIHPOBAHBI TPEANIOCHUIKN ISl TIOCTAHOBKHU 3aJ/1aud HMCCIe0Ba-
HUS ¥ BBIOOPA METO/IOB €T0 MPOBECHHUS, KOTOPBIE MOAPOOHO PACCMOTPEHBI JIajice.

Obvexmbl u Memoowbl UCCAEO08AHU

OOBEKTOM HCCIIEIOBAHNS SIBIISIETCST HOKEBOM KaToK. CHavaia Mbl CO3/IaJIH €ro
3D-Mozens B cucTeMe aBTOMaTU3UPOBAaHHOIO NMPOEKTHPOBAHUS, Jlaee UCKIIOUMIN
M30BITOYHBIC CTETIEHU CBOOOMBI M 3KCTIOpTHpoBaIH Moaens B Umlab. C moMomibio
Umlab 100aBuiin KOHTaKTHbIC B3aUMOJICHCTBHSI 3BEHBEB M MapaMETPhl UCCIIEIye-
MBIX IIPY’KHH, IOCJIE YEr0 MPOBEJIN BBIYUCIUTEIIBHBIC SKCIIEPUMEHTHI.

Ha Beicore or mousst / H,,,, = 0,75 M pacrionoxuM Mi1acTHHy KPEIUICHHs HABe-
CKH K TPaKTOpy B BHJIE apajuienenumeaa 2 co ctoponamu pazmepom 0,1x0,2x0,2 M,
BecoMm 31,2 kr, Haxofsierocs Ha paccrostaun —0,5 M 1o ocu OX 0T 0a30B0# CHCTEMBI
KOOpJUHAT. 3a7a/IuM el BO3SMO)KHOCTh ITOCTyIaTeIbHO IepemeInarsbest mo ocu OX co
ckopoctbio V= —0,5 m/c. [l u3MepeHnst TAroBOro yCHius o 3 0csiM pacriolo-
JKUM PSZIOM C TUIACTUHOW HaBECKH ellle OAMH Napajuieienumesn 3 Takux ke pazMe-
pa u Macchl, kak 2. Kunemaruueckyio napy 4 Mexay 3BEHbSIMU 2 U 3 IPEICTABUM
Kak 0000IICHHBIN MapHUp, 00JaIAr0IINi TOCTYNATEILHBIMKI CTETICHSIMH CBOOOIBI
no ocsim OX, OY, OZ, na Kax10#i U3 KOTOPBIX 3aAaauM (UKTHBHYIO CHUIIy TPEHHUS
paBHytol14el10 H. M3mepenue cuiapl TpeHHUS B KHWHEMaTHIECKON Tape 3BeHbEB 2 U 3
MO3BOJIUT OLIEHUTH 3aTpaThl TATOBOTO YCHJIMsI TpakTopa Ha JBWkeHue. HauanbpHas
cucTeMa KOOpAMHAT Bcex uMnoptupyembix u3 CAD mporpaMmebl 3B€HbEB COBIAJIa-
€T C HAYaIbHOU CHCTEMOM KOOpAWHAT HMHUTAIIMOHHON Moaenn. J[o6aBuM cIBHUTH 1O
ocsam OX, OY, OZ u pacnonoxuM 3BeHbs JpyT OTHOCUTEIBHO JIpyra Tak, Kak 3TO
mokazano Ha puc. 1. IIBer ocn OX mpumem kpacHbIM, ocu OY 3enensiM, ocu OZ
CHUHHM, aHAJIOTHYHYIO AJIUTPY UCIOIb3YyeM IS TpaHKOB, TOKA3BIBAIOLINX PE3YIIb-
TaThl UCCIICOBAHUSI.

HaBecka — 3-toueuHnas, A pacyeTa KMHEMaTHYeCKOH CXeMbl MeXaHH3Ma B
COOTBETCTBHH C TEOpUEH MAIIMH U MEXaHU3MOB HEOOXOIMMO HUCKITIOUUThH U30BITOY-
HBIC CBSI3H, IOATOMY OCTaBUM TOJBKO BepxHUH maser 4. HaBecka mpu pabote Tpak-
TOpa HAXOJUTCS B IUIABAIOLIEM PEXHUME M IBHKETCSI TIOCTYNATENEHO OTHOCUTEIBHO
rpyHTa (KuHeMmarudeckas napa /). Jlns peanusanuy nepeMeLeHus najibla HaBeCKU
4 OTHOCHUTENBHO 3BeHa 3 (MeCTa KpeIUIeHUsI HABECKH K TPAKTOPY) MEKIY 3TUMH 3Be-
HBSIMH [IPUMEHHUM HOCTYATEIbHYI0 KUHEMAaTHYECKY10 napy B Bnoib ocu OZ (mod-
TOM 3B€HA 4 OTHOCHUTENBHO 3BeHa 3 Bnoib OX, OY npenedpexem).

Jnst orpaHnYeHns XoAa HABECKHU O BEPTUKAIM MPUMEM YIOPHBIE MIACTHHBI
5, IpeoTBpaIIAOLIME IEPEMEILEHHE IPH BO3HUKHOBEHUH 3D-KOHTaKTa MEX 1y 3Be-
HbsIMU 4 U 5. PamMa HaBeCKH 6 ’KeCTKO 3aKpeIyieHa Ha najblie 4 (BpallleHUEM B Najlb-
e mpeHedperaem). K pame HaBeckn 6 KECTKO MPUCOETUHEH (pIaHeI MpomoIbHOM
Oasiku 7, pacIoJIOKEHHBIN 10 IEHTPY HaBecku. [IpomonbHast Oanka 9 3aduKcupo-
BaHa mapHupoM C oTHOcHTenbHO (ranua 7. Ha ¢nanue 7 u 6anke 9 ycraHOBIEHBI
MpoymuHbI 8, /], Ha MapHUpax KOTOPBIX [ yCTaHOBIEHB! 2 MPYXUHBI cxatus /0.
s obecnieyeHus yria moBopoTa o KaTka BOKpYr ocu OZ ucnomnb3yeM mapaup £,
KOTOPBIH TTO3BOJISIET BpaImarh pamy karka /3 B mpopessx dianma /2. s obecnede-
HUSl YCTAaHOBKH yIJIa ITOBOPOTA KaTka BOKPYT ero ocu OX mpuMeHuM IapHup F, oH
MO3BOJIUT BpallaTth paMy Katka /3 B mpoyuHax /3.
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Puc. 1. KommonoBouHo-
KMHEMATHYECKasl CXeMa HOXKEBOTO
KaTKa

Fig. 1. The layout and kinematic
diagram of a knife roller

BosaeiicTBue Maccbl opynust Ha OIOPY HAaBECKH 2 3aBUCHUT OT HAXOXKACHUS Ha-
BECKH B BEpPXHEM HJIM HHKHEM YyYacTKe ee TUIaBaIoIIero X0a, OrPaHUYHBaEMOM CTO-
nopamu 3, a Takke OT CUJI Ha IpykuHax. Maccy opyaust paccuntaeM 1o ¢popmysie:

15
Mysum = Zmi ’
i=3

7€ M, s — Macca KpeIrieH!Us: HAaBECKH; MaIbleB HABECKH; CTOIIOPOB; HAaBECKH; (hI1aH-
11a HABECKH; MPOYLIKH (h1aHIa; Oanku; Mpy>KWH; BEpXHEN MPOYIIUHBI 0aJKH; (riaHIa
KaTKa; paMbl KaTKa; KaTKa; HIPKHUX [POYIIUH OaJKu COOTBETCTBEHHO (m,=31,2 Kr;
m,=4 kr; my=1,5 xr; m;= 38,5 kr; m,= 11,6 xr; mg=1,2 xr; my= 19,5 kr; m,,=8 kr;
m,, = 1,5 xkr; m,,=7 kr; m;;=25 xr; m,,= 89 xr; m = 1,5 xr).

Takum 00pa3oM, KOTJa KaTOK HE KacaeTcs OMOpbI, OpyAHWe MaKCHMAaJIbHO
CBEIIMBACTCS BHU3 W OMHPACTCS HA HaBEeCKy (Ha BEpXHHUI CTOMOp) BCeHl cBoei
Maccod. Ecnu kaTok omupaercs Ha TPYHT WJIM JIPYTYIO TOBEPXHOCTb, Y OpYAHS
BO3HMKAET 2 TOYKU OMOPBl — HWXKHUHM yrop 5 u caM Katok /4. Ilpu 3HaunTenbHOU
CHJIe Ha MPYKUHAX OHH MOTYT IMEPEeBOINTHh HABECKY K BEPXHEMY CTOIOpY, MOCie
4yero J00aBIsTh CBOIO CHITY, IIepe/iaBasi ee K HaBeCKe TPAKTopa U TPaKTOPY, BIUIOThH
JI0 BBIBELINBAHUS €T0 33HUX KOJIEC, [IO3TOMY KpaiHe Ba)KHO IIPABUIBHO OJ00paTh
NpeAoXpaHnuTeNbHbIE TIPYKHUHBI (), KOTOPbIE MO3BOJISUIN OBl Yep)KUBaTh KaTOK, HO
HE OKa3bIBaJIM Obl M30BITOYHOE JaBJICHHE HA IPYHT.

CompoTHBieHre Ha HOKEBOM KaTKe CKJIAJbIBAETCS U3 3 KOMIIOHEHTOB: CHIIBI
TPEHUsI CKOJIbXEHHs BAOJIL ocu OX, O0KOBOI cuiibl TpeHus 1o ocu OY, cuiisl OT co-
MIPOTHBIIEHUS TTOYBHI HA HOXKEBOM KaTke BIOJb ocu OZ. Ilpumem momyineHue, 4To B
mapHupe G aecTByeT GUKTUBHBIA MOMeHT TpeHus M, , = 1000 H-m, pakruuecku 3a-
[PETHB BpallleH!s1 KaTka. B 3ToM citydae npu CHSITHY ITOKa3aHUH B UMUTALIOHHOM 3KC-
MEPUMEHTE Mbl YBUJIM 3aTpaThl MOMEHTA OT AEHCTBHS CHJI TPEHUSI MEXY TPYHTOM U
KaTKOM C Y4€TOM Macc OpyAus U CHJI Ha IPY>KUHAX, BOSHUKAIOLIME B 9TOM HIAPHUPE.

Peaknust B MecTe KpeIIEHUs] HABECKU K TPAKTOPY MEX]y 3BeHbsMU 2 U 3 R,
KOMIICHCHUpYIolIast Bec opyaus (0e3 ydera neHCcTBUS NPYKUH), pPaBHA!

15
R =>mg.
i=3
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Cuity TpeHHsI, BO3HHKAIOIIYIO MEX/y TPYHTOM M KATKOM, paccuuTaeMm 1o ¢op-
MylIe:

F

tr

¢ = Fyrc + Py = \/(ftrRzG COS(“))z + (frrRzG sin (0‘))2:

rae F, . — pesyastupyromas cuna tpenuns, H; Fy, ., F, .— IPOEKLUs CUIIbI TPEHUS Ha
ocu OX u OY coorBercTBeHHO, H; f, — KO3hdULNEHT TPEeHUS; 0L — Yroj I0BOPOTa
KaTKa oTHOcuTelbHO ocu OX, ...°.

Jns pacuera ko3 dunrenTa TpeHus ucmoabzyeM dpopmyiy [3]:

5
(5]
— Vstr
fr =S+ — e +vb,

e f, f,— K03(hPUIUEHT TPEHHs B PEKUME CKOIBKEHHS U CLEIUIEHUs COOTBETCTBEH-
HO; Vv, — ckopocTh LllTpubeka, onpenensiomas HHTEPBal CKOPOCTH MPOCKaIb3bIBa-
HUSL, M/C; V — KOOQ(UIUECHT BSI3KOTO TPEHUSI.

BHenpenne Hokell B IMOYBY 3HAYUTENHHO YBEIHYUBACT KOI(DPHUIIMEHTHI
TpEHUs, IOITOMY CHeNaeM JonyueHue, uro /= 0,8, f,=0,9.

MOMEHT OT JEWUCTBUS CHJI TPSHHSI MEXKy TPYHTOM U KaTKOM C y4eTOM Macc
OpyAHs W CHJI Ha TIPY)KMHAX paccyuTaeM 1o (popmyre:

Mtr = ErGRk

at’

rne Ry, — pamuyc katka, m.

BbImomHMM MMHUTAIIMOHHOE MOJEIMPOBAaHHE PaOOTHl HOXKEBOTO KaTka B
UMlab. Bxomubsie mapaMeTpbl Moxenu cieayromue. [lapaMeTpsl CKOIBKEHHS: KO-
s¢unuent tpenus f = 0,8; xoadduiuent tpenus f,= 0,9; ckopoctu v, = 0,5 m/c,
v, = 0,5 M/c; koaddunrent kpusoii & = 1; koadpuuueHT Bazkoro Tpenus v = 0,3.
[TapameTps! HOpMANBEHOTO KOHTaKTa: Kod(durments! xxectkoct C, = 1e6, nemndu-
posanust D, = le4. [lapameTpsl Kauenus: kKodsbduunentsl penust K, ,=0m, K, =0m
(umeroT pa3MepHOCTh uinHbl). Pannyc karka R, = 0,16 M, HopMais (0;1;0), Touka
Ha TJIOCKOCTH X, = 0 M, Y = 0 M, zZ,= 0 M, BHemHss1 HOpMank Touku (0;0;1). Mac-
Chbl 3BCHHEB, BBIUYMCIICHHBIE HA OCHOBAHWU I'€OMETPHUU 3BEHBEB U INIOTHOCTH CTa-
71, ObUIM TIpUBENEHBI BhIIIC. [lapamMeTphl MpeaoXpaHUTEIbHBIX NPYKUH CHKATHS
CBEZICHBI B TAOJIHNILY.

IlapamMeTpbI NPeTOXPAHUTEILHBIX NPYKIUH CKATHS
The parameters of safety compression springs

l'[apameTp NgngaquHHNiH; pr)l(l/l‘;r{g 3
Juamerp HapyXHBIH, D, MM 100 100 100
JluameTp npoBosnoku, D, MM 12 14 15
Kectrocts npyxwuHsIL, ¢, H/M 18661 39510 | 53926
CBobonHast anuHa, L), MM 400 400 400
PaGounii X011 npyxkuHsl, L, ,, MM 110 110 110
UYnciio pabounx BUTKOB 16 15 15
Yeunue npeasaputensHoi nedopmanyn, F, H 933 1976 2669
Pabouas MmakcumaibHas HarpyskKa, F,, H 3658 6954 8089
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Cuiy Ha Ipy)KHHE paccuuTaeM o Gpopmyie:
Fpr = F{ - CA‘xpr’

rae Axpr — UBMCHCHUC IJIMHBI IPYKWUHBI, M.

[TapameTpsl sigpa pacueTa UMUTALUOHHOTO MOJEIUPOBAHUS YCTAHOBHUM I10
YMOJTUYaHUIO. BBIMOIHUM 1a00paTopHBIiA dKCIepuMeHT. J{ns (uKCUpoBaHHS CHIT
TATH KAaTKa MCIOJIb30Bajach TCH30METPUUECKasl HABECKA, MTO3BOJIAIONIASI TPOBOAUTD
uccnenoBanus B 3 wiockocTax no X, Y, Z. llpumenena Tenzomerpudeckas nadopa-
topusi ZetLab, Brirovaromas tenzoctannmio ZET 058 u Habop TEH30aTYMKOB CHII
pactsoxenus u cxxkatust UU-500 kre, JaHHbIe ¢ KOTOPBIX MTOCTYMANU B CIIELUATU3UPO-
BaHHOE nporpamMmHoe odecnieuenne ZETLAB TENZO.

Pesynomamul uccnedosanus u ux oocysxicoenue

[IpoBeneM MMHUTAIMOHHBINA KcHepUMEHT [. BoikimrounM npyxuHbl (yCTaHo-
BUM IpeABapuTenbHoe yeuue aedopmanuu F| = 0, KecTKOCTh MpyKuHsbl, ¢ = 0, ¢pu-
3UYECKH yaJIUM CaMU IPYKUHBI Maccoil m,,). MOMEHT COIPOTUBICHUS BpaIlleHUs
katka ot noussl M,,= 1000, f, = 0,8, /= 0,9. [l 1oCTUKEHUS pAaBHOBECHSI CUCTEMBI
B ONBITE | M MOClenyomuX pacnoiokuM OpyIUe Tak, YTOOBI A0 HUKHETO yHopa
HABECKH OCTaBAJIOCH 6 CM.

BremonauM nmutannonssiil skcnepument 1. [ToBTopuMm Te ke ycnoBus, 4To
1 B 9KCTIEPUMEHTE [, HO OTKIIIOUYMM B3aMMOJCHCTBHUE C MOYBOH (OOHYIINM >KECTKOCTh
KoHTakTa Koneco-tousa C,= 0 u nemnduposanue D, = 0). YoepeMm orpaHUYHUTEIb,
KOTOPBIM MPEnsATCTBYeT omycKaHuio O0anku 9 Ha yron menbme 0°. B satom ciyuae
KaTOK OITyCTUTCSI BHH3, KaK €Clii Obl OH BHCEIN B BO3JyXE, U €ro pama MpHJET B KO-
nebarenbHOE ABWKEHUE (KakK y MasTHHKA). B mapuup C 100aBUM MOMEHT TpPEHHS
M, .= 120 Hwm, 4TOOBI ObICTpEE MOTACUTh IBUKEHUE MASITHUKAY.

[Tpu pabote Ha BBIPYOKax BO3MOXHBI PEXKHUMBI JBMKCHHUS, KOT/Ia HAYMHAIOT
JecTBOBaTh MpPYKUHBI cxkatusl. [Ipu Hae3ne Ha MpensTCTBUE KaToK OyAeT MOAHU-
MaTbCsl, YBEIUUUBAsl YIOl @, U CKUMAas MPYKUHbL. AHAJIOTHYHBIA pexUM paboTh
BO3HUKHET IPHM ONYyCKaHWHM HABECKH, KOIJa OHAa KOCHETCS BEpPXHEro cromopa J,
nepeaasasl JaBIeHHUE OT TPAaKTOpa Ha KaTok. B aToM ciydae M3MMIIHAS KECTKOCTb
MPY>KMH MOXET MPUBECTH K 3HAUNTEJIHBIM Harpy3kaM B IIapHHUpPaxX, BBIBEIINBAHUIO
33IHUX KOJIEC TPAKTOpa U Pa3pyLICHUIO Y3JI0B COUIEHEHHUSI.

st MopenupoBaHus pabOThI MPYKHUH CXKATHS MMPOBEIEM HMHUTAIIMOHHBIE HKC-
nepumenTsl III, IV, V ¢ omuHakoBBIMM BXOIHBIMU IapaMeTpaMu, HO I 3 pa3HbIX
npyXuH (cM. Tabnuiy). s uMuTamMy pexxumMa, Ipu KOTOPOM NPYKUHBI CKATHs Had-
HYT pabOTaTh, YMEHBIIMM BBICOTY HABECKM HaJl ypOBHEM 10uBbI ¢ H,, ., = 0,75 M
Ao Hpochvlll—\/: 0145 M.

BeprukansHoe nepemenieHye mapHupa C ¥ U3MEHEHHS yIVla HaKJIOHA Oalku ¢,
MOJTyYEHHBIE 10 pe3yIbTaTaM UIMUTALMOHHBIX SKCIIEPUMEHTOB [V, TIokakeM Ha puc. 2.

Jli11 IMUTanMOHHOrO 3KcnepuMenTa I opynue omyckaercs BHU3 Z. = 0,54 M,
ONMPAETCs HA YIOp J Y HABECKHU M KaTKOM /4 — Ha TPYHT, B pe3yJibTrare yero Oanka 9
U3 TOPU30HTAIBHOIO MOJOKEHUS OTKIIOHAETCS Ha Yrod @, = 5,2 © (IIpOTUB 4acOBOH
CTpenku oTHOcuTenbHO mapHupa C).

Jns mMuTanuonHoro skcrnepumenta Il opyaue Takke oIyckaeTcs BHU3
Z.= 0,54 M, orupaeTcs Ha ynop 5 y HaBeCKH, HO IIOCKOJIbKY OIIOpa Ha TPyHT OTCYT-
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CTBYET, TO pama ¢ KaTKOM MTPUXOJIUT B KoJieOaTeIbHOE IBUKEHNE KaK «MAaATHUK» OT-
HocurenbHO mapHupa C. 3a cuer I'-00pa3Hoii pambl yroin 6anku @, OyneT koaedarbes
BOJIM3H —55°, MOCTIe YeT0 BCISACTBHIE TPEHUS YCTAHOBUTCS Ha OTOM YIJIe. YTOJ paBeH
—55°, a He —90° (BepTUKAIBHO BHU3), T. K. IIEHTP TsDKeCTH [ -00pa3Hoil Oanku HaXo-
JIUTCS] BHYTPH, a HE Ha camoit Oaixke 9.

Jns nmuranonHoro skcnepuMenta III opynue HadyHET OmycKarbesi BHU3, HO
MocJje ynopa KaTkoM /4 Ha TpyHT 3a cueT ACHCTBUS CUJ Ha Npy>KuHax /() npuier B
TUTaBAOIIEEe TTOJIOKEHHE (HEe OTIMPAETCs Ha YIIOPHI J), 3aTeM YCTAaHOBUTCS Ha yPOBHE
Z.=0,28 M, yron 6anku ¢,= 47°.

0,72 - °: 80
= (;i 60 1 s
Z 0,62 2 40 <\’ v
S \ I g 20 {TTT T Oy
£ 0,52 - 1 2 0 e
g E 204 V05 10 15 20 25 30
s © . 7'
g 0,42 A s -40 \ . .
Z g -60 1 / ==
8 | .
0,32 g -80 \ v
=-100
0,22 T T T T T ) £-120
0 05 1,0 1,5 20 2,5 3,0
Bpewms, ¢ Bpewms, ¢
a 7]

Puc. 2. TpaekTopust [BrKeHUs OalKu 9 JUIsi IMUTALMOHHBIX 9KCIIEPUMEHTOB [-V:
a — nepemettenue mapHupa C Baoss ocu OZ; 6 — yromi ¢,
Fig. 2. The trajectory of beam 9 for simulation experiments [-V:
a —movement of the hinge C along the OZ axis; 6 — angle @,

JI1s1 *MUTAIMOHHBIX SKCIEpUMEHTOB [V—V opynue HauHET OmycKaThCsl BHU3,
HO TIOCJIe yropa KaTKOM /4 Ha TPyHT 3a CUeT 3HAYMTENbHBIX CHJI OT JIEHCTBHS Ha
npyxuHax /() mogHUMETCs 10 BEPXHETrO yropa 5 ¢ JanbHEHIIUM yCTaHOBICHUEM Ha
ypoBHe Z. = 0,35 M, yron 6anku ¢,= 25°.

Pesynsrupytomue cunbl B mapHupax 4, C, G 1U1sl IMUTAIMOHHBIX 3KCIIEPH-
MeHTOB -1l (Ipy>KUHBI OTCYTCTBYIOT) IOKa)KEM Ha pHC. 3.

Jl1s MMUATaMOHHOIO 3KCIEpUMEHTa | opynue OIyCKaeTcsi BHU3, OIHUPACTCs
Ha yIop 5 y HaBECKHU U KaTKOM /4 — Ha TPYHT, OBICTPO MPHUXO/IS K YCTAHOBHUBILIEMYCS
pexumy padboThl. Pesynsrupyromue cuisl (kH) B mapHupax BKIIIOUAOT 2 COCTABIISI-
IOIIME: CHJIBI OT Macchl M0 ocu OZ U OT TPeHMs KaTka o0 MouBy Mo ocu OX — nocie
yaapa o0 yrmop OHU IPUHUMAIOT CJIeTyIOIIre 3HAYeHUS:

Foy=Fu+Fiy = \/1, 807* +(~0,539)" =1,830;
Foy = Floy + Fioy = \/0, 8252 +(~0,539)" = 0,978;
Fy = Fiyy + Fig = \/0,2732 +(~0,538)" =0,603.

s mmMuTannoHHoro 3kcnepuMenTa Il npyuHbl U TPYHT Ha OpyAHe HE Aci-
CTBYIOT (KOHTAKT C TIOYBOM BBIKJIIOYEH, a 3HAYUT, TPeHUs no ocu OX HET), OJHAKO
M3-32 KOJIEOATEIBHOTO JIBWKCHHS paMbl B TIEPBbIE 2 C MPHUCYTCTBYET CHJIA 10 OCH
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OX, KoTOpast MEHSET 3HaK MPHU JABMKEHUN «MasTHUKA», HO TOCIIE OCTAHOBKH KoJIe-
OaHMii kaTka Ha pame BOKpyr mapHupa C craHoButcs paBHOH 0. Takum oOpasom,
¢ yzapoM 00 ymop M IpeKpalleHHeM KoJeOaTelIbHOIO JIBHKEHHUS CHJIbI B IIAPHH-
pax BKJIIOUAIOT TOJIBKO OJIHY COCTABIISIIOLIYIO — 0 ocu OZ U MPUHUMAIOT 3HAYECHUS
F,=2332 xH; F,= 1,418 kH; F;;= 0,891 xH. Ilonenmus nomy4deHHble MOKa3aTeIN
Ha CHJIy TSDKECTH, MOKHO YO€IUTBCS, YTO UMHUTAI[MOHHASI MOJENIb pabOTaeT BEPHO
(Maccel OTIMYAOTCS OT 3a£[aHHBIX Ha onz[e He Oonee yeM Ha 1,5 %). Macca Bcero
opyzusi 10 MOAENH M, = AH /g =2379 kr; F,, /g = 144,6 xr (cymMMa Macc 3BEHbEB
9, 11-14); macca xatka m,, = F';; /g = 90,9 xr.

5,5 -
5,0
4,5
4,0
35
3,0
2,5
2,0
1,5
1,0
0,5

05 030508 1,0 1,3 1,5 1,82023235

Puc. 3. Pesynbrupyromue cuibt
B mapuupax 4, C, G
JUISl IMUTAIIIOHHBIX 9KCIIEPUMEHTOB
I-11
Fig. 3. The resulting forces in joints 4,
C, G for simulation experiments I-I1

Cwia, kH

-1,0 Bpewms, ¢

Tak xak mpu omope Ha IPYHT 4YacThb HAarpy3Kd OT OpPYAWs HAauMHAET BO3ZCH-
CTBOBATh HA HETO, TO ¥ CHJIBI B IIAPHUpPAX JAJIS ONbITa [ MEHbIIIE B CPAaBHEHUH C OTIbI-
ToM I, korna Best Macca opyanst BUCUT B BO3/1yX€, ONIUPAsCh TOJIBKO HA HABECKY.

JI1s *MUTAaMOHHBIX SKCIIEPUMEHTOB [V—-V opynue HauHeT OIyCKaTbCsl BHU3,
HO TI0CJIE YIIOpa KaTKOM /4 Ha IPYHT 3a CYET 3HaUNTEIIbHBIX CUII OT ACHCTBUS Ha IIPY-
xKUHaX /() MOJHUMETCs 10 BEPXHEro yIopa 5 U yCTaHOBUTCs Ha ypoBHE Z.= 0,35 M,
yroi 0anku @,= 25°.

Cunsl B mapaupax 4, C, G mis 3 IpyXUH B UX CXKAaTOM COCTOSIHHH 32 CUET
OITyCKaHUs HaBeCKU Ha ypoBeHb Z.= 0,35 M u noBopota Ganku 9 Ha yroa @, = 25°
(mMuTanMoHHbBIe dKciepuMeHTHI [11-V) mokazansr Ha puc. 4. Yroi moBopoTa KaTka
OTHOCHUTENIFHO HampaBieHNs ABIKeHus oo = 0°, 1 TpaKTop ABMXKETCS MPSMO, ITO3TO-
My COCTaBJIAIOLIAs BEKTOpa cuil 1o ocu OY OTCYTCTBYET.

VY mapuupa 4 B cirydae yctaHoBKH npykuHbI Ne 1 (III) cunbl HanMenbIme u3
Bcex 3 onbiToB: I, = 1,843 xH; F,,,= 0,306 xH; F,,,, = —1,817 xkH. lng npyxuust
Ne 2 (IV) CWJIBl YBEIMYMBAIOTCS U pocrurawot: F,, = 2,551 xH; F,,, = —0,469 kH;
Fiov = 2,507 xH. Jdna npyxunel Ne 3 (V) nokasareny MaKCHMalbHBL F, =
= 3,366 xH; F,,, = —1,922 xH, F,,, = —3,147 xH. Ilpn ycraHoBke HaumeHee cia-
001 npyxuHbl Ne 1 maBieHHe OT CHII TSHKECTH Ha IPYHT OOJIbINE, UM OT CHIIBI CXKa-
THUS IIPYXKHUH, U COCTaBISIOWAst F,,, TOJIOXKHUTEIbHA, OAHAKO, HEIOCTATOYHA, YTOOBI
MOJHATH HABECKY JI0 BEPXHETO yropa J, MO3TOMY OpYIHEe HAXOAWTCA B TIABAIOIIEM
nojoxxkeHud. [lpu ycraHoBke Ooiiee KeCTKOM NpyKUHBI Ne 2 MPOUCXOIUT MOIbEM
HABECKH J0 YIIopa 5, ¥ OCTaBIIEHCS CHIJION CXKATUs MPYXKUHBI JOIOTHUTENBHO J10-
Ipy’KaloT KaTOK. AHaJOTHYHas CUTYallUsl y Haubosee KecTKol nmpykunel Ne 3, mis
KOTOpo# cuibl Hanbompmme. OTMETHM, YTO CHIIBI F), MPEMSTCTBYIOT ABHKEHUIO
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TPaKTOpa, MO3TOMY HMMEIOT 3HaK MHHYC, & BEPTHKAIbHBIE COCTABIAIOMNE F,, NI
npyxuH Ne 2 v 3 1aBsIT Ha BEpXHUH yHop J, TO3TOMY OTBETHAs pEaKIus HallpaBiicHa
BHU3 ¥ TOXKE UMEET 3HAK MUHYC, KOT1a JaBjieHus Ha ynop Het F,, (I1II) npuoGperaer
MOJIOKHUTEILHOE 3HAUYCHUE.

o Fay
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Fum
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B2\t vl N N

Fyzm

y 0"341 ‘\,"0{5'\/\0:3_’\,‘},0[:

—
L
T U
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Bpems, ¢

Bpewms, ¢

Bpewms, ¢

a o 8
Puc. 4. Cunsl B mapHupax Uit UMATAIIHOHHBIX SKciepuMenToB [11-V:

a — mapuup A; 6 — mapuup C; 6 — mapanp G
Fig. 4. The forces in the joints for simulation experiments I11-V:
a —joint 4; 6 —joint C; ¢ —joint G

[eiictBytomue y mapHupa G cuilbl MOTYT ObITh HCIIOJIB30BaHBbI ISl pacueTa
npoliecca pe3aHusl BETBEH, IepHa U MOYBbI HETIOCPEACTBEHHO HOXKaMM Kartka. [Ipu-
YMHBI YPOBHS CHJI QaHAJIOTHMYHBI IIAPHUPY A, ¢ TOH JMIIb Pa3HULEH, YTO MPYKUHBI
BCEr/a OKa3bIBAIOT JOMOJIHUTENBHOE IABIEHNE Ha KaToK, a 3HAYUT F,, oTpulareabHa
Jutst Beex 3 onbiToB (111-V). Cuitel mpu ycTpaHuBIIEMCS IBUKEHUU CIIEIYIOIINE: IS
npyxunbsl Ne 1 (III) F,,,= 2,161 xH; F,,=—-1,169 xH; F,,,,=—1,817 xH; nns npy-
xunbl Ne 2 (1V) F,,=3,174 kH; F,,,=—1,946 kH; F .,,,= 2,507 xH; s npyxuHst
Ne 3 (V) F,,=4,126 kH; F,,= 2,668 xH; F,,,=-3,147 xH.

[HeiictBytomue y mapuupa C cuiibl JOCTUTAIOT 3HAYUTENIBHBIX BEJIHYUH,
T. K. HAXOASATCS B MECTE «U3JIOMa» paMbl U MOTYT MPUBOAUTD K MOBBIIIEHHOMY H3-
HOCY U BBIXOJly OpYZus 13 cTposi. [IpuduHBI ypoBHS CUJI aHAJIOTUYHBI mapuupy G,
Pa3HMIIA 3aKII0YAETCs] B TOM, YTO MPY>KUHBI PACTIONAraloTcst B HEMOCPEICTBEHHOM
onmm3octu oT mapHupa C U pacrpefecHue MacC Opyaus CIOCOOCTBYET BO3HHK-
HOBEHMIO HauOOJbIINX peakuui B mapHupe. Cuna Ans NpyKUH NPU yCTPaHUB-
memcst IBrokeHuH: it npyxunel Ne 1 (1) F,, = 7,054 xH; F,, = —2,146 kH;
F o= —6,817 xH; nna npyxunst Ne 2 (IV) F, = 11,761 xH; F,,= -3,058 xH;
Foqy = —11,356 xH; nna npyxuner Ne 3 (V) F,=15,731 xH; F, = —4,337 xH;
F.n=-15,121 xH.

OO6mmit BuA 7a00PATOPHOM YCTAaHOBKH W PE3yIbTATHl M3MEPEHHH CHII B
mapHupe 4 nokazansl Ha puc. 5. [Ipenycmorpum 2 npyxunsl Ne 1, onycTum HaBecKy
TakK, 4ToObl BeicoTa mapHupa C Haj rpyHToM Z. = 0,35 M, a yroa HakiioHa Oanku
(¢, = 25° pu BHEIPEHUM HOXKEH KaTKa B I10YBY. AHAJIOIHMYHbIE IApaMETPhI 3a1a1UM
B UIMUTALlMOHHOM 3Kcniepumente VI

PesynpTupytomas cuia A YCTAaHOBUBIIETOCS PEXHMa paOOTHl Y MMHTAIIH-
OHHOTO 3KcnepuMenTa F,,, = 2,094 xH, a 1151 7aHHBIX, IOJIy4YCHHBIX C TEH30HABECKU
1pH J1ab0paTopHbIX ombITax, £, = 1,7 kKH, pasHuIa TEOPETHICCKUX M IKCIIEPHMEH-
TaJbHBIX HCCIEN0BaHUN cocTaBmia 23 %. DTO CBA3aHO C TEM, YTO BO BPEMsI KCIIe-
PUMEHTA CII0KHO KOHTPOJIMPOBATh, YTOOBI HABECKU M MPY>KUHBI HE OBUIN TAaK CUIIBHO
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CIKaThl, KaK B CJIydaC UMUTAIMOHHOI'O SKCIICPUMCHTA, TAKIKEC KOHCTPYKIIUA JIa6opa-
TOPHOW HABECKH BKIIOYAJa TPEYTOIBHUK JIJISi UBMEPEHUS YCUIINH TEH303BEHBSIMHU U
OTIOpHBIE KoJieca (KOTOPBIE OBLIHN IMTOMHATHI M HE KacaINCh TPyHTA), T. €. ObUTH APYTH-
MU I10 CPABHEHUIO ¢ KOHCTPYKI[UCH HABECKU B UMHUTAIIMOHHOM dKcriepumente. Oj1-
HAKO B IEJIOM XapaKTep W BEJIMYUHBI CHJI, TOJTYUYCHHBIC HA TEH30HABECKE, OKA3aJIiCh
AHAJIOTUYHBI CWJIaM B UMUTAIIMOHHOM SKCIICPUMCHTC.
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Puc. 5. JIabopaTopHbIe MccIe0BaHHUS HOXKEBOTO KaTKa: ¢ — OOIINIT BUI OPYIHS;
0 — CpaBHEHNE UMUTALMOHHBIX M SKCIICPIMEHTAIIBHBIX (exp) 3HaueHuit cui F),

Fig. 5. The laboratory tests of a knife roller: a — general view of the tool;
0 — comparison of simulated and experimental (exp) values of F, forces

Bwi6o0wi

1. [IpoBepka paboTOCTIOCOOHOCTH MOJIENH TIPH BHIBEIINBAHUN KOHCTPYKIINN
B UMUTALMOHHOM IKCIIEPUMEHTE BEPTHKAIHHO BHU3 ITOKa3ajla PacXoXk/eHHe Moiy-
YEHHBIX MacC OpPYAHs C TaOOpaTOPHBIMU JaHHBIMH He Ooinee yeMm Ha 1,5 %. Macca
BCETO OPYAMs MPHU pacdyeTax Mo 0JHOHW U3 aHATM3UPYEeMbIX Mojenei (1o moaenw II)
paBHa 237,9 K1, B TO BpeMs Kak 10 J1a00paTOPHBIM JJaHHBIM MTOKA3aTeh COCTABISAET
232,08 kr, Macca kaTka B epBoM ciaydae — 90,9 kr, Bo BTopoMm — 89 KT.

2. CuJibl CONPOTHUBIICHUS, MTOJyYSHHbIE HA OCHOBAaHUU J1a00PATOPHBIX UCCIIC-
JloBaHuH, paBHAwoTCs 1,7 kKH, oTiuyasice OT pe3yJbTaToB UMHUTAMOHHOTO MOJEIH-
poBanus — 2,094 xH, 1. e. Ha 23 %. Pa3Huia Bo3HUKIIA U3-32 KOHCTPYKTUBHBIX pac-
XOXKICHUN MOJICIM U OTBITHOTO 00pa3siia, a TAaKKe TEXHOJOTHYECKHX I1apaMeTpOB
paboTHI Opynus, OJHAKO XapaKTep U3MEHEHHUs CHII TIPH MPOBEICHIH J1a00paTOPHOTO
AKCIIEPUMEHTA aHAJIOTHYEH TEOPETUUCCKOMY.

3. BbUIO HM3y4YEHO BIMSIHUE NPYKUH PA3HOM KECTKOCTH U MPENBAPUTENBHO-
TO YCHJIUS Ha pabOTy Opyausi. YCTaHOBJICHBI TEXHOJIOTUYECKUE TIapaMeTphl (BbICOTa
HABECKH W YTOJ HAKJIOHA OAlIKK), TIPU KOTOPBIX OPYIUE MPUBEACHHON KOHCTPYKITHH
OyJeT HAaXOMUTCSA B IIABAIOIIEM M JOTTOJIHUTEIHHO HATPYKEHHOM TIPY>KHHAMHE PEKU-
Me, a TaKXKe TATOBOE YCUIINE U YCUIIUE, CO31aBAEMOE Ha MTOYBE KATKOM.

4. PazpaboTaHHass IMUTAITHOHHAS MOJIENTb TIPUBEICHHON KOHCTPYKITHH OPYIUS
C HOXEBBIM KaTKOM IO3BOJISIET OMPENCTUTh €r0 KHHEMATUYECKUE U JUHAMUYECKUE
napaMeTpsl 1 000CHOBATh UX BHIOOD ISl yCTAHOBIICHUS TEXHOJIIOTUYECKUX PEKUMOB
WCTIOJIH30BAaHNS Ha BBIPYOKe.
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Annomayusn. B ApxaHrenbCKoil 00JacT HaXOAATCs KPyIHbIe 3ayiexu Topda. [1o naHHbIM Oa-
JIAHCOBOTO y4eTa, HAaCUUTBIBAETCS 626 MECTOPOXKICHHH, TUIOIIA b KaXkKI0TO U3 KOTOPBIX Tpe-
Boimaet 10 ra. Ipu 3ToMm it ApXaHTeabCKoi 00J1acTh CyIIecTByeT mpodieMa 3(hGeKTHBHOM
DHEPTETHUECKON YTUIM3AI[MN BTOPUUHBIX YHEPTETHUECKUX PECYPCOB, TAKMX KaK JAPEBECHbIE
OTXOJIbI M KOpa, 00pa3yIoIIMXCsl Ha PEIPHUSITUSIX JIECONPOMBIIIICHHOTO KoMIutekca. Ha cun-
XPOHHOM TEPMOAHAIM3aTOPE B CPEJie aproHa 1 Bo3ayxa B auanaszone tremmneparyp 30—700 °C
BBIMOJIHEH TEPMUYCCKUI aHamu3 meuieT u3 cmecu topda (80 %) U KOpOIPEBECHBIX OTXO-
JIOB IIEJLT0NI03HO-0yMakHOTO mpou3BoacTBa (20 %). Topd Obl1 coOpan B Me3eHCKOM paii-
OHE ApXaHrelIbCKOW 00acTu, 00pa3ibl KOPOJPEBECHBIX OTXOIOB — HA TPAKTE MOAAYU KOPBI
B KOTJIOArperarsl ¢ Kumsimmm cioeMm E-75-3,9-440 IOT u KM75-40M, ycTaHOBIEHHBIC Ha
TOC-3 AO «Apxanrensckuit [IBK». [TenneTs monydensl B mpecc-rpanyistope. C TOMOIIbIO
CHEKTPOMETpPA MCCIIENOBAH IEMEHTHBINH cocTaB mesieT. OCHOBHBIMH 30J10- M IITAK0oOpa-
3yIOIIMMH 3JIEMEHTaMH B 00paslax SBIAIOTCS KPEMHHH, allOMUHHUM, KanbLui MU KeJe30.
TepMmuyeckuil aHanu3 MesvIeT NPOBEACH Ha CHHXPOHHOM TepMOAHAIN3aTOpe B CPEie aproHa
1 Bo3ayxa ¢ pacxomoM 20 cm3/muH. [l HaOMIOMCHUN 3a CYIIKOH M TCPMHUYCCKUMH MPEOO-
Pa30BaHUSIMH TEIUIET MCIIOJIb30BAINCH KPUBBIE YOBIIM MacChl U CKOPOCTH TOTO Mpoliecca B
uccieayeMbix o0pasiax TOIUIMBHBIX rpaHyi. [loka3aHo, 4To BBIXOJ| JIETYYHX BELIECTB MPO-
ncxoaui npu tremneparypax ot 170 no 430 °C. IoxydeHHbIE TEIETHI ABISIOTCS BHICOKOKA-
JIOPUAHBIM U HHU3KO30JIbHBIM OHOTOIUIMBOM. Pe3ynbTaThl HCCICIOBAHMS MOXKHO TPUMCHSTH
JUISl TEOPETUYECKOr0 000CHOBAHHS ITPOM3BOJICTBA TOIJIMBA C BHICOKUMH TEIUIOTOW CrOpaHUsI
U MEXaHMYECKOW MPOYHOCTHIO C IEIIbI0 YBEIMYCHHUS PO MECTHOI OMOMAacChl B SHEPreTHKE
ApxaHrenbckoit obaacTu.

Kniouegwie cnosa: ToppsiHOE TOITUBO, KOPOJIPEBECHBIE OTXO/IBI, TIEJUIETHI, TPAHYIISITOP, TEP-
MUUECKHUH aHaJIM3, TEPMOTPAMMBbI, PEHTICHO(IYOPECEHTHBIH aHalN3, JUTHUH, LeJUTI0N03a,
TeMUILIEIIII0N03a
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Abstract. There are large peat deposits in the Arkhangelsk Region. According to the balance
sheet data, there are 626 deposits, each of which has an area exceeding 10 ha. At the same
time, the Arkhangelsk Region faces the problem of efficient energy utilization of secondary
energy resources, such as wood waste and bark, generated at timber industry enterprises.
Thermal analysis of pellets from a mixture of peat (80 %) and bark waste from pulp and
paper production (20 %) has been performed on a synchronous thermal analyzer in an ar-
gon and air environment in the temperature range of 30—700 °C. Peat has been collected in
the Mezensky District of the Arkhangelsk Region, and samples of bark waste have been col-
lected from the bark feed line to the E-75-3.9-440 DFT and KM75-40M fluidized bed boiler
units installed at TPP-3 of Arkhangelsk Pulp and Paper Mill. The pellets have been obtained
in a pellet-press. The elemental composition of pellets has been studied using a spectrome-
ter. The main ash- and slag-forming elements in the samples are silicon, aluminum, calcium
and iron. The thermal analysis of pellets has been carried out on a synchronous thermal
analyzer in an argon and air medium with a flow rate of 20 cm3/min. To observe the dry-
ing and thermal transformations of pellets, the curves of the decrease in mass and speed
of this process in the studied samples of fuel pellets have been used. It has been shown
that the release of volatile substances has occurred at temperatures from 170 to 430 °C.
The resulting pellets are high-calorie and low-ash biofuel. The results of the research can be
applied for theoretical substantiation of the production of fuels with high combustion heat
and mechanical strength in order to increase the role of local biomass in the energy sector
of the Arkhangelsk Region.

Keywords: peat fuel, bark waste, pellets, granulator, thermal analysis, thermograms, X-ray
fluorescence analysis, lignin, cellulose, hemicellulose
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Beeoenue

Cpenu KITIOYEBBIX 3aj7]ad YHEPreTHYecKol crparernn Poccum Ha mepuon 1o
2035 1. MOXKHO OTMETHUTh IMEPEXOJ K IKOJIOIMYSCKU YUCTOW M pecypcocOeperaro-
el dHEepreTHKe, paluoHaIbHOMY IPUPOAONOIB30BAHNIO, TOCTHIKEHNE DHEPIeTH-
geckoi 3(h(heKTUBHOCTH M 0€301MacCHOCTH, TUBEPCH(PHUKAIINIO UCTIONB3YEMBIX BHIOB
TOIUTHBA ¥ dHepTHH. TorumBHO-dHepreTudeckuil komruieke (TOK) urpaer Bemymryto
pOJIb B SKOHOMHYECKOM pa3BUTHH W OOCCIICUECHHH HAIIMOHAJILHON O€30MacHOCTH
Poccuiickoit @enepannu. Kpome Toro, cormacHo dHEpreTHUECKON CTpaTeruu cTpa-
Hbl Ha niepuof 10 2035 r., TOK cyniecTBeHHO BIUSET HA COCTOSIHUE OKPY KaroLIEH
cpensl. JlokTpuHa sHEpreTudeckoil 6e3omacHoct Poccum, yTBEpKAeHHAsS YKa30M
[Ipesunenta Poccuiickoit @enepanuu ot 13 mast 2019 r, cTaBuT 3a1a4y yinydiieHus
nHpacTpykTypsl u 006bekToB TOK Apkruueckoit 30 Poccuiickoit @enepaunu n
YBEJIMYESHHSI JIOJTN B SHEPTETHKE MECTHBIX YHEPTeTHYECKHX PEeCypCcOB M BO3OOHOB-
JIIEMBIX UCTOYHHUKOB dHeprun. CTparerus sKojorudeckoi 6e3omacHocT PO Tarke
YTBEPKIAET O BAKHOCTH dPPEKTUBHOTO MPUMEHEHUS IPUPOAHBIX PECYPCOB U TI0-
BBIILICHUN YPOBHS YTHJIM3AaLMU OTXOAOB MPOHM3BOACTBA M MOTPEOICHUS, IPH 3TOM
OoTMeYas Kak OJ{HY U3 TIIaBHBIX POOJIEeM COKpaIeHHEe 3a11acoB MPUPOIAHBIX UCKOTIae-
MBIX PEeCypCOB, TAKHX KaK Ta3, yroib 1 HEPTH.

B uucno Hanbosnee nepcrekKTUBHBIX CIIOCOOOB pelIeHUs] 0003HAUYEHHBIX MPO-
01eM BXOIUT yBeJIUUEHHE JJOIH BO30OHOBISIEMOr0 OMOTOIUIMBA B 001IeM YHEproda-
naHce. CTparerus COKpalleHusl JOIM TPATUIMOHHBIX BHJIOB MCKOMAEMBIX TOILIHB
Y TIOBBIIICHUS JIOJIH BO30OHOBISIEMBIX NCTOYHUKOB TOIUIMBA YK€ WHTETPUPOBAaHA H
aZlanTHpOBaHa B IUIAHBI IO 00pHOE ¢ M3MEHEHNEM KIIMMara U 00eCTIedeHHIO dHepre-
TUYECKOH Oe30macHOCTH BO BceM mupe [1-3, 5, 6, 9, 10].

buosHepreTnka MOXXET cTaThb OCHOBHBIM BEKTOPOM Pa3BUTHUS JAECLEHTPATIN30-
BaHHOW ¥ BO300HOBIISIEMON SHEPreTHKN B Poccum, MOCKOIBKY Ha TEPPUTOPHUH CTpa-
HBI COCPEIOTOYEHO MPUMEPHO 25 % MHUPOBBIX 3aMacoB APEBECUHBI U OKOJo 45 %
MHUPOBBIX 3amacoB Topda [4].

Topd — roprouee mckomaemoe, BO3HHMKAIOLIEE W3 PACTUTEIBHBIX OCTATKOB.
Esxxeromno B Poccum o6pasyercst 260—280 miH T Topda, HO TPUMEHSIETCS TOIBKO
1,1-1,2 %. Pecypcsi Topha B Hamieit cTpaHe MpeBIIAOT 3amackl HETH U raza, yCcTy-
nasi TOJIbKO KaMeHHOMY yrito. OTXozbl OMOMacchl, TaKUE KaK JIPeBECHBIC OCTATKH U
CEJIbCKOXO3IUCTBEHHBIE OTXOBI MOTYT OBITH 3((PEKTUBHO HCIIOIH30BAHBI COBMECT-
HO ¢ TOP(OM JIJIsl CO3JJaHHSI HOBBIX SHEPTEeTHUECKUX OMOTEXHOIOTHH [4].

Jlms Apxrraeckoit 30861 Poccniickoit denepanmu cymecTByeT mpobinemMa s dek-
TUBHOTO PacXOI0BAHUS BTOPUYHBIX SHEPTOPECYPCOB, TOITOMY CIIETyeT NCKATh METOIbI
nepepabOoTKH IPEBECHBIX OTXOI0B M KOPBI, 00pa3yIoIMXcs B IPOLIECCE IIPONU3BOJICTRA.

TexHonorus rpaHyIMPOBaHUsI CTAHOBUTCS BCe OoJiee BOCTpeOOBaHHOI B ce-
pe mpuMeHeHus1 OMOMacchl B Ka4eCTBE MCTOYHWKA dHepruu. C MOMOIIBI0 TPaHyIu-
pOBaHMs OMOMACChI JOCTHTACTCSl YBEIMUCHHE €€ SHEPreTHIeCKON d(PPEKTUBHOCTH.
Bakneimumm npenMyIiecTBOM TOIIIUBHBIX IPaHyI SBJSETCS BHICOKAs M MOCTOSTHHAS
HACBITHAS TUIOTHOCTh, OOYCJIOBJIHMBAOIIAS OTHOCUTEIBHYIO JIETKOCTh TPAHCIIOPTH-
POBKH 3TOTO CHIIYYero MpOAyKTa Ha OONIbITNE pacCTOsSHUS. biiaronaps mpaBuiibHOM
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¢dopme, HEOONBIIOMY pa3Mepy M OJHOPOJHON KOHCHUCTCHIIUH IMPOIYKTa TPaHYJIbI
MOJKHO TE€pECHINAaTh Yepe3 CrelnaIbHbIe PyKaBa, UTO MTO3BOJISET aBTOMATU3UPOBATh
MOTPY3KY W pasrpy3Ky JaHHOTO BHJIA TOILTHUBA, €TO CKUTAHWE. XMMHUYECKHE XapaK-
TEPUCTUKH TOTOBBIX TPAHyJ 3aBUCST OT HCXOJHOTO CHIPbSL.

TexHonorust co3naHus MeieT BKII0YaeT MHOKECTBO apaMeTpoB [8, 16]. AB-
TOpBI [7] M3ydasn (HU3MKO-MEXaHWYECKHE XapaKTEPUCTHKU TOIUIMBHBIX IEIUIET M3
JIPEBECUHBI JINCTBEHHBIX TIOPOJ] ¥ MPHUIILIH K BBIBOLY, YTO 00pabOTKa N3MEIBYCHHOTO
JAPEBECHOI'O ChIPbA (.HI/ICTBCHHBIX mopoa ,IIpeBeCI/IHI)I) HaCBIIIICHHBIM ITapOM I103BOJIsA-
eT MoJydarh NeJUIeThl TPeOyeMOro KauecTBa, MPH STOM UX MEXaHWYecKas MPOYHOCTh
CpaBHHMA C JJOCTUTaeMOU NP UCIOIb30BAaHUH JIpeBeCHHBI XBOUHBIX opoa. H.A. Coi-
4yeBa M coaBTOpHI [ 12] McciaenoBany BIMSIHAE peKUMa IPaHyIIipOBaHus (TeMITEpaTyphbl
Y JIaBJICHWS) Ha MPOYHOCTHBIE CBOMCTBA TOIUIMBHBIX TIEJUIET M3 JAPEBECHHBI COCHBI,
OJIbXHW YEPHOH, OJIbXH CEPOM M Oepe3bl M 3aKITIOYHIIH, YTO YBEJIMUYEHHE TEMIIepaTyphl 1
JIABJICHUSI IPECCOBAaHMS MOBBIIIACT MPOYHOCTH HeJuIeT Oojee yeM B 3 pasa.

enp uccnenoBanrs — KOMIIEKCHBIM TEPMUYECKUM aHAIU3 MEJUIET U3 CMECU
Topda U KOPOAPEBECHBIX OTXOJO0B C JOCTOBEPHON OICHKOW TEpMOTpaBUMETpHUeE-
CKHX JJAaHHBIX ¥ KHHETHYECKHUX XapaKTEPUCTHUK MPOIIECCOB, OTBETCTBEHHBIX 3a Tep-
MOXUMHYECKOE MTPEeBpaIlleHNe TIeJUIET, U3yUeHHE UX AIEMEHTHOTO COCTaBa.

Obvexmubl u Memoowbl UCCAEO08AHU

TopdsHas macca Oblta coOpana B Me3eHCKOM paifoHe ApXaHTEIbCKOW 00-
JIaCTH, MOJTYy4YaeMbId 3/1eCh B MPOMBIIUICHHBIX MaclITadax TOpQ HUCHOIB3YeTCsl Kak
TOIUTUBO IS MECTHOW KOTeNbHOW. OOpa3ibpl KOPOAPEBECHBIX OTXOJOB JIMCTBEH-
HBIX OO/ TIOJTyYSHBI Ha TPAKTE M09l KOPBI B KOTJIOArperarsl ¢ KUIISIIUM CII0eM
E-75-3,9-440 ADT u KM75-40M na TOC-3 AO «Apxanrenbckuii [[BK». Ot6op,
(hopMHupOBaHHE U TTOATOTOBKA IMTPOO TOpda 1 KOPOIPEBECHBIX OTXOI0B BEITIOTHSIIICH
B cootBeTcTBUM ¢ ['OCT 33563-2015, I'OCT P 54187-2010, I'OCT 332552015,
I'OCT 33104-2014.

I'panynupoBanue cmecu 2 OHOTOIUIMB TPOBOAMIOCH B MPECC-TPaHyIATOpe
Amandus Kahl (puc. 1). C nenbto yBenn4eHuss MeXaHH4IeCKOW IMPOYHOCTH TEIIIET OCY-
HIECTBIIIOCH T00aBIIeHNE KOPOAPEBECHBIX OTXOAOB K TophsHON Macce. [lnist cHibke-
HUS 30JIbHOCTH TIOJTy4aeMbIX TeJIeT BEIOpaHa A0 ApeBeCHBIX 0TX0A0B 20 %.

[Ipu BBITIOTHEHNH SKCIIEPUMEHTOB TOIUTMBHAS CMECH U3 Top(ha 1 KOpoapeBec-
HBIX OTXOZIOB I0J[aBajiach B MPUEMHBIH OyHKEp C MepeMeIIMBaIOIIUM yCTPOHCTBOM
Y Jlajiee ITHEKOM HaIpaBIIsiiach B MPECCOBAIBHYIO KaMepy, T/Ie pacupeersiiach Ha
Marpuile. Bpamaromuecs BajaKu IpeaBapUTENFHO CKUMAIN CMECH M TIPOTATIKUBAIIH
4yepes MPEeCCOBAIbHBIC KAHAIbI MATPUIIBL.

JI71s BEITIOTHEHNS TETTOTEXHUYECKUX HCCIEOBAaHUHN M DIIEMEHTHOTO aHaJH-
3a 00pasibl ObLIM MOABEPTHYTHI pa3MoJly B IIapoBod OapabaHHOW MesibHHIlE PM
200 Retzsch, mpocesiHbr Ha cutoBoM aHanmzatope Retzsch AS 200 Control mo rpa-
HyJoMeTpudeckoro coctasa oT 63 no 125 mxm (I'OCT P 53335-2018, 55660-2013,
52917-2008, 55661-2013).

TemmorexHUYecKre XapaKTePUCTUKH KOPOAPEBECHBIX OTXOI0B CIEAYIONINE:
30ibHOCTD — 1,16 % a. ¢. M.; MUHUMAaJIbHAs TeTioTa cropanus — 18,486 M JIx/xr,
BBIXOJT TeTyunx BemecTB — 81,86 % a. c. M. Topda: 3ompHOCTE — 2,46 % a. c. M.;
MUHHUMabHas TerioTa cropanus — 21,780 M/K/Kr U BBIXOA JIETyYUX BEIIECTB —
78,43 % a. c. M. XapaKTepUCTUKH TOIyICHHBIX MEJUIET MPEJICTABICHBI B TaOIHUIIE.
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Puc. 1. IIpecc-rpanynsitop Amandus Kahl 14-175
1 — aCUHXPOHHBIN ABUTATENb MOIIHOCTBIO 3 KBT; 2 — peAyKTop ¢ MOHMXKAaloIeH repenadeit;
3 — npeccoBasibHAs KaMepa; 4 — KOXKyX; J — IPOTUBOIBUIEBON KOJIMAK C pacceKaTeseM;
6 — Bpamaromeecs JHO; 7 — HOKH; § — KaHaJIbl MaTPHILIL; 9 — OEryHKOBas FOJIOBKA;
10 — perynupoBouHasi raiika; // — koHTpraiika; /2 — 6eryHku; /3 — IJIaBHBIH Ba,
14 — xopriyc; 15 — no3upytolee ycTpoicTBo; /6 — mpueMHBbIH OyHKep ¢ epeMelIHBAOIINIM
YCTPOKMCTBOM M IIHEKOM; /7 — paclpeeIuTeNIbHbIHN mKad; /8 — KOopIyc rpaHyssiropa

Fig. 1. The Amandus Kahl 14-175 pellet-press
1 —3 kW asynchronous motor; 2 — reduction gearbox; 3 — bale chamber; 4 — casing;
5 — dust cover with a divider; 6 — rotating bottom; 7 — knives; 8§ — matrix channels; 9 — slider
head; 10 — adjusting nut; // — lock-nut; /2 — sliders; /3 — main shaft; /4 — housing;
15 — dispenser; 16 — receiving hopper with a mixing device and a screw; /7— distribution
cabinet; /8 — pelletizer housing

XapakTepucTHKH nesieT U3 Topga U KOpoapeBeCHbIX 0TX0/10B

The characteristics of peat and bark waste pellets

[TapameTtp I'OCT 33103.2-2017 | 3HaueHue
Juamerp/muHa (MM) 10 10/25
Bnaxxnocts Ha pabouyro Maccy (%) 0,50 4,79
3ombHOCTE (% a. C. M.) 2,00 1,79
Mexanudeckast IpouHOCTH (%) 95,0 96,2
Conepxanne menou (%) 3,0 2,2
HacpinHast mioTHOCTb (Kr/M3) 650 660
MuHHMasbHAs TEIUIOTa CropaHus Ha padouyro Maccy B 19.81
(M x/xr) ’
Conepxanne a3ora (% a. c. M.) 2,00 1,59
Coneprxanue cepsi (% a. c. M.) 0,200 0,179
Coneprxanne xyopa (% a. c. M.) 0,01 0

Beixon ieryuux Bermects (%) - 78,42
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DJNeMEeHTHBIH aHalu3 ObLT TPOBEICH METOJIOM pEeHTreHo(IIyopecieHTHON
cnektpockonuu Ha criekrpomerpe EDX-8000. Coneprxkanue Bogopoja, a3o0Ta 1 yrie-
pofa orpezeseHo ¢ momomeo ananuzaropa EuroVector EA-3000.

Tepmuuecknii aHaau3 BBINOIHEH Ha CHHXPOHHOM TepMoaHanu3arope STA 449
F3 Jupiter Netzsch B nnanazone Temmeparyp 30-700 °C co ckopoctpio 10 °C/mun
B CpeZie aproHa u Bo3ayxa ¢ pacxomoM 20 cm?/muH. s MccienoBaHus MPOLECcCOB
CYLIKH U TEPMUYECKOTO PA3JIOKEHHS UCIIONb30BAINCh KPUBbIC, XapaKTePU3YIOLINE
m3menenune maccol (TI" — TepmorpaBuMeTpusi) U ckopoctu 3toro mporecca (ATI —
muddepeHnnanbHas TepMOrpaBUMETPHS).

Pezynomamot uccnedosanust u ux oocyxncoenue

Ha rpanynsitope Obi1 I000OpaH peXuM, P KOTOPOM MOITYUHIHCH TEJIIEThI
(puc. 2), coorBerctBytomue crangaapry ['OCT 33103.2-2017 — nunuHapuieckon
(dhopMBbl, TITUHON 25 MM, ¢ 00JTOMJICHHBIMA KOHITAMH.

Puc. 2. [lomy4yeHHBIE TPaHYIIBI
n3 Topda 1 KOpoAPEBECHBIX
OTXOJ0B
Fig. 2. The resulting pellets
from peat and bark waste

KpeMHHA. ........ccvvvrieeiieeiieeieeins 1,440
PN 120091705170 SR 0,540
D (G0 (e o N 0,155
J X0 091171 G 0,440
MATHHHA. .....ovvvriirinerireeeeeeeeeeeeeeeeeeenees 0,320
LO5] o TSRS 0,179
J 321 171 S 0,069
DOCHOP vvevvvevieirreereeiieeieeee e 0,092
THTAH....ooevviiiiiiiiiiie 0,018
Y EE1'0) 13 1<) 1 (SR 0,011
MEID e 0,004
MEBITIBSIK ...vvvvvvvvivveveveeeeeeeeeeeeeeeeeeeeeees 0,006
XPOM.eoieiiieerieeirieeieeeieeeieeeieeeneneens 0,002
CTPOHIMM ..o 0,002
BPOM oot 0,005
TIVHK .o 0,009
PyOHITUT ... 0,001
30763 (67510 1 QP 38,200
DA (<] 010} GRS 49,900
ABOT o 1,590



ISSN 0536-1036 «HM3BecTus By30B. JlecHoii skypHam». 2025. Ne 3 151

Kpemuuii, atoMUHU#, KalIbIUN U HKEJI€30 SBISIOTCS MPeo0IaaaroiuMu 31e-
MEHTaMH B 3071¢ neuieT. [loBbIleHHoe cofepkanne B MejieTax aJlOMUHHS U B3au-
MOZICHCTBHE MaTepuaia ¢ KPEMHHEM B IIPOLIECCE TOPEHUs] OMOTOIIMBA HOBBIIIAIOT
HUIAKYIOUIYI0 U PO3HOHHYIO CHOCOOHOCTH 00pa3yIONIMXCS OYaroBBIX OCTATKOB U
UX HaJIMIaHUE Ha MOBEPXHOCTH HarpeBa. ConepKaHue LIEJOYHBIX JIEMEHTOB (Ka-
JIUH, HATPUN) B MONYYCHHBIX Tpanynax Huskoe — 0,07 %. DTo o3HauaeT, 94ToO MpH UX
CKUTaHUM CHU3UTCS BEPOATHOCTH HAJUIAHMS JIETKOIUIABKUX COECIMHEHNHN Kaaus Ha
MTOBEPXHOCTH HArpeBa, B TOMKaX C KUISIIMM CIIOEM TOIUTMBO ¢ HEOOIBIINM COMIEp-
JKaHWEM KaJiisl TIO3BOJIMT M30eXkaTh SIBJICHUH arioMepanuy Kumsiero cios. Hamu-
YK€ B COCTaBEe IEJIJIET COCANHEHUN Cepbl TOBOPUT O HEOOXOAUMOCTH MCKIIIOUCHHUS
HU3KOTEMIIEPaTypHON KOPPO3HH XBOCTOBBIX NTOBEPXHOCTEH HarpeBa Mpu CKUTaHUH
3THUX MEJUIET B MPOMBIIUIEHHBIX SHEproyctaHoBkax [11, 19].

Ha puc. 3—4 noxa3zans! Tepmorpammsl B Buze KpuBbix 1T u AT nns paznud-
HBIX IEJIJIET U3 Topda 1 KOPOAPEBECHBIX OTXOJ0B B Cpeax BO3AyXa M aproHa.

= Bo3zayx Apron

100 ~

40 100 160 220 280 340 400 460 520 580 640
Temneparypa, °C
Puc. 3. TepmorpaMMbl H3MEHEHHsI MACChI MEJUIET U3 TOp(da U KOPOAPEBECHBIX OTXOJIOB
nipu ckopoctu Harpesa 20 °C/muH B quanazone tTemneparyp 40—-700 °C
B Cpeflax BO3/yXa M aproHa
Fig. 3. The thermograms of changes in the mass of pellets from peat and bark waste

at a heating rate of 20 ° C/min in the temperature range of 40-700 °C
in air and argon mediums

Kax mokazano Ha puc. 3, 1-s cTamus moTepu Macchl IPOTEKAET B THUAIIa30HE
Hu3kux Temneparyp ot 40 1o 170 °C u npuBOAUT K HE3HAYUTEILHOMY YMEHBIIEHUIO
Macchl (Ha 4,9 % B Bozayxe u Ha 2,2 % B aproHe) B 000MX OIBITaXx. JTO CBSI3aHO C
WCIIapEHUEM BOJIBI U BBIACIICHUEM JIETKUX JIETYYMX BEIeCTB U3 00pa3uoB. B nuntep-
Base temneparyp ot 170 go 430 °C y o0pa31oB yXoAuT HauOObLIas 4acTh Macchl,
YTO COOTBETCTBYET PA3JIOKEHUIO TeMHIICILTIONO36I [13, 15, 18].

Craaus nuponn3a XxapakTepu3yeTcsl HEBBICOKOH U OYE€Hb MEIJIEHHOH noTepeit
MAacChl, YTO CBS3aHO C PA3JIOKEHUEM ILIeJUII0NO03bl. B cityuae ¢ GMOTOIIIMBOM Macca
Ha CTaJ1H MUPOJIN3a YMEHBIIAETCS U3-3a OKUCIUTENBHON JIerpaialiuy, T. €. JIeTy4He
BELLECTBA BBIACIAIOTCS U cropatot [13].

CKxopoCTh TOTEpH Macchl B BO3yXe JOCTHUINIAa MAKCUMyMa TIpU TeMIleparype
281 °C, npu 3TOM Takxke HaOmoaaics MUK CKOPOCTH U3MeHeHust Macchl mpu 378 °C.
CKOpOCTh YMEHBIIICHHSI MAacChl B aproHe CTaHOBUJIACh MakcUMastbHOH mipu 283 °C,
NpY 3TOM He HaOIrofancs 2-i MUK CKOPOCTH M3MEHEHHUS! MacChl, Kak B 1-M OMBITE.
[Ipu Takoil TeMmeparype Le/uIi0103a pas3iaranach, B TO BpeMsl Kak JJUTHUH MIPOIOJI-
xaul paspymarbes [17].
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Puc. 4. TepmMorpaMMbI CKOPOCTH MTOTEPU MACCHI NEJUIET U3 TOpdha U KOPOAPEBECHBIX
0TXO710B ITpu ckopocTH Harpesa 20 °C/muH B auanazone temneparyp 40-700 °C
B cpelax BO3/yXa U aproHa
Fig. 4. The thermograms of the mass loss rate of pellets from peat and bark waste
at a heating rate of 20 ° C/min in the temperature range of 40-700 °C
in air and argon mediums

PasnoxxeHue JTUrHUHA MPOJOIDKAIOCH C HU3KOM CKOPOCTBIO IIPU TEMIIEPATy-
pe Boime 420 °C. JIurauH, Kak NpaBuiio, SIBJISIETCS HAanOoIee TPyAHOpa3pyLiaeMbIM
KOMIIOHEHTOM I10 CPAaBHEHHMIO C LIEJUTFOJIO30M M FEMULIEIUTION0301. XOTs pasioKeHue
9TOM cOCTaBJISAIOIIENH MOKET HauaTbes yxke npu 160 °C, 0HO IPOMCXOAUT MEJIEHHO,
a temneparypa mpu 3toM gocturaet 900 °C. [IpuanHa moTepu Macchl IPU TEMIIepa-
Type ot 420 °C — cropanue KokcoBoro ocratka [14, 20].

3axnouenue

[Tomyuens! TomnuBHBIE TIeTIeThl U3 cMeck Topda (80 %) m KopoapeBecHBIX
otxo110B (20 %) ¢ temnoroii cropanus 19,81 MJx/Kr, BEIXOIOM JETYYHX BELICCTB
78,42 % wn 3ompHOCTBIO 1,79 %. JloOaBneHHEe KOPOAPEBECHBIX OTXOAOB K TOP]Y
MO3BOJIMJIO CHU3UTh 30JIbHOCTD MEJUIET U YBEJINYUTh UX MEXaHUYECKYIO TPOYHOCTb.

TepMudeckue ucciaeI0BaHMs MEJUIET TTOKA3ald, YTO BBIXOJ JIETYYHX BEIIECTB
coBmaaeT ¢ Auamna3zoHoM temmeparyp ot 170 no 430 °C, 9To COOTBETCTBYET CTaINU
pas3ioxkeHHus remMunemunono3sl. Ilponecc nuposnusa memwieT B BO3AYLIHOW cpele
XapakTepu3yeTcs 2 mukamu rpu Temmeparypax 281 u 378 °C. Cropanne KOKCOBOTO
OCTaTKa ocyliecTBisieTcs npu Temmeparype ot 420 °C.

OCHOBHBIMH 30J10- ¥ TIJTAKOOOPA3YIOIIMMH JIEMEHTAMH MTOJTyYEeHHBIX TTEJUIET
SBIIIOTCS KPEMHUH, aIIOMUHUHN, KaJbIUi 1 xkene30. ConepikaHue cepbl, MBIIIbIKA
u nuHKa B nemwrerax cocrasuwio 0,179, 0,006, u 0,009 % coorBercTtBenHo. He
oOHapyKeHbI KaJIMAN, PTYTh, CBUHEI N HUKEIb.

[IpenmMy1iecTBaMu CO3JaHHOTO TOIUIMBA TIEpe TPATUIIMOHHBIMU TPaHyJIaAMU
W3 JPEBECHBIX OTXOJIOB SIBIISIOTCS OoJiee BBICOKAs TEIUIOTAa CTOPAHMS W MEHBIIee
COJIep’KaHUM IIEJIOYHBIX 3JIEMEHTOB.
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Annomayus. JIns TPUMEHEHUS] OTXOIOB (haHEPHOTO TPOW3BOACTBA B IEJSIX IMOIYUCHHMS
sHepruM, odecneunBaronieli pabory HAO «CBE3A VYerb-Mxopa», Oblia cMOHTHpOBaHA
MUHHU-TETUIOEKTPOLIeHTpalb ¢ 2 koTinamu E-40-2.25-3050P u typOunoii. [Ipexycmorpena
2-cTymneHuyaTas 30JI004MCTKa MPOAYKTOB cropanus. IlepBas cTymeHb XxapakTrepusyercs yaa-
JICHUEM M BO3BPAaTOM KPYMHBIX (pakivii Ha BUOpAIIMOHHYIO peleTky. Ha Bropoit crynenu
MIPOJYKTHI MIPOXOJISIT Yepe3 pyKaBHbIC (PHIBTPBI. DHEProoOCiieIoBaHie KOTIOArPEeraroB BbI-
SIBUJIO, YTO KOMIUIEKC Ta300YMCTKH SIBISETCS MPUYMHOW MX YaCThIX OCTAHOBOK M ITYCKOB,
JIOTIOJTHUTEJBHBIX TEIUIONOTEPh M COKPAICHHUS )KU3HEHHOTO 1MKJIa obopynoBanus. B cBs-
31 C 3TUM BMECTO PYKaBHBIX (DHUIIBTPOB YCTAHOBJICH KOMILJICKC MbUIC- U 30JI0YJIaBIMBAHHS
(KII3Y-10%6%2). OgHako Ipu 3TOM CTENCHb YIABIMBAHUSA TBEPABIX YACTHUIl KOMIUICKCOM
cocraBuia He Oonee 80 %, HAOMIOAATOCH HANMIIAHKUE 30JbI HA padoyee KOIeco IbIMOCOCA,
YTO BBI3BIBAIO JTUCOANIAHC M YMEHBIICHUE )KU3HEHHOTO IUKIIA JIHIMOCOCa U HEOOXOIUMOCTb
OCTAHOBKH KOTJa He pexke ueM | pa3 B Hezemro. L{enbio JaHHON CTaThy CTajI0 YCTAaHOBJICHUE
MIPUYMH TOBBIIICHHBIX BEIOPOCOB TBEPJIBIX YACTHUI[ U OKCHJIA YIJIEPOJia, OFPAHUYEHHOTO Iie-
puozaa paboThl KOTiIoarperata MexxIay YUCTKaMH, a Tak’kKe OTCYTCTBHUS BO3MOXKHOCTH OIepa-
TUBHOTO BBIBO3a 30JIbI M IIJJAKa HA MOJUIOH. KOMIUIEKCHBIN aHamu3 padoThl KoTiIoarperara
MIPOBOJIMJICSI HA OCHOBE JKCILTyaTallMOHHBIX M JKOJIOTMUECKUX ToKa3arelsiel padoThl KoTia,
TETUIOTEXHUYECKNX, TPaHYIOMETPHUYCCKUX XapaKTEPUCTUK TPOO CKHUraeMoro OHOTOILIH-
Ba U 00pa3yIOIINXCS OYaroBBIX OCTATKOB, a TaKXKe MX AJIEMEHTHOTO COCTaBa U TEPMOTrpa-
BUMETPUYECKHUX XapaKTEePUCTUK JUIS JAPOOJCHKU (aHepbl. MomepHU3alus ra3004iucTHOTO
KOMILIeKca oOecrieunia (yHKIMOHUPOBAaHHE KOTJIOArperara ¢ HOMHUHAJIbHOW Maporpou3-
BOJIUTEIHHOCTHIO M YMEHBIIINIIA KOJHYECTBO €ro OCTAaHOBOK MEXAY YMCTKaMu B 7—21 pas.
OniHaKo MCIIONb30BaHKE KOTIIA ¢ OoJiee BHICOKOW MPOU3BOAUTEIBHOCTHIO 00YCIOBHIO POCT
HOJIMAUCIIEPCHOCTH JIETY4EH 30JIbl U COACPIKAHUS B HEM FOPHOUUX BELIECTB, YTO CTAJIO OJHOMI
13 MIPUYNH ee TIEeHHUs B cOOpHOM KoHTelHepe. [leproauueckne BKIIIOYEHUST BUOPAITMOHHOM
pEeLIeTKN NPUBEIH K 3HAYUTENIbHOI HeCTaOMIIBHOCTH SKOJIOTHUECKHX TIoKazareneii. Mccneno-
BaHME 3arps3HSIONICH CIOCOOHOCTH 305161 00pe3KoB (haHepbl 0OHAPYIKUIIO, YTO OHU SIBJISIOT-
Csl CaMBbIM CHJIBHBIM 3arpsI3HSIONIMM KOMIIOHEHTOM COKHTaeMoi cMmecu. MzyueHue TepMude-
CKHX MPOIIECCOB B JpoOiIeHKe (haHephl B BO3IYIIHOIM U MHEPTHOH cpe/iaX 1MoKa3ajio 3aMeTHOE
BIIMSTHUE HAJIMYHS KiIesl Ha OCHOBE (peHOos0(opMabIeruHONH CMOJBI.

Knrwuesvie cnosa: q)aHepﬂoe MIPOU3BOACTBO, OTXOAbI (baHepHOFO IMPOU3BOACTBA, 'a300UNUCT-
Hasg yCTaHOBKa, KOTECJI, 6I/IOTOHJ'II/IBO, BPCAHBIC BEIICCTBA, KOS(i)(I)I/IHI/IeHT ITOJIE3HOI'O HeﬁCTBHﬂ,
O4YaroBbI€ OCTAaTKH
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bnazooapnocmu: ABtop BhipaxaeT OmarogapHocth LIKIT HO «ApkTrka» 3a BO3SMOKHOCTh
HCIIONBb30BaHMsI [P MPOBEACHUN HCCICIOBAHUS PCHTICHO(IYOPECIICHTHOIO CIIEKTPOME-
tpa XRF-1800, anammzaropa Euro EA-3000 u cuaxponHoro tepmoananuzaropa STA 449
F3 Jupiter.
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Abstract. To use plywood production waste to generate energy ensuring the operation of
the non-public limited liability company “SVEZA Ust-Izhora” a mini-heat-and-power plant
with 2 E-40-2.25-3050P boilers and a turbine has been installed. A 2-stage ash clearing
of combustion products has been provided. The Ist stage ensures the removal and return
of coarse fractions to the vibrating grid. At the 2nd stage, the products pass through bag
filters. An energy inspection of the boiler units has revealed that the gas cleaning system is
the cause of their frequent shutdowns and starts, additional heat losses and a reduction
in the equipment life cycle. In this regard, instead of bag filters, a dust and ash collection
complex (KPZU-10x6x%2) has been installed. However, the degree of solid particle capture
by the complex has been no more than 80 %, ash has been observed sticking to the impeller
of the smoke exhauster, which has caused and imbalance and a reduction in the life cycle
of the smoke exhauster and the need to stop the boiler at least once a week. The aim of
this article has been to establish the reasons for the increased emissions of solid particles
and carbon monoxide, the limited period of operation of the boiler unit between cleanings,
as well as the lack of the possibility of prompt removal of ash and slag to the landfill.
A comprehensive analysis of the boiler unit operation has been carried out on the basis of
the operational and environmental performance indicators of the boiler, thermal engineer-
ing and granulometric characteristics of samples of the combusted biofuel and the resulting
focal residues, as well as their elemental composition and thermogravimetric characteristics
for plywood chips. The modernization of the gas cleaning complex has ensured the func-
tioning of the boiler with a nominal steam capacity and has reduced the number of its stops
between cleanings by 7-21 times. However, the use of a boiler with a higher capacity has
lead to an increase in the polydispersity of fly ash and the content of combustible substances
in it, which has become one of the reasons for its smoldering in the collection container.
Periodic switching on of the vibrating grid has resulted in significant instability of environ-
mental indicators. A study of the polluting potential of plywood scrap ash has found it to be
the most powerful polluting component in the combusted mixture. The study of thermal
processes in plywood chips in air and inert environments has shown a noticeable influence
of the presence of glue based on phenol-formaldehyde resin.
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Beeoenue

[TpousBoacTBO (haHepbl XapakTepH3yeTCss HEBBHICOKUM BBIXOJOM OCHOBHOM
MIPOAYKIINU U3 IPEBECHOTO CHIPhsl. Tak, 00BEMHBIN BBIXOJ JTUCTBEHHOW (paHEPHI CO-
crasisieT 46—55 % (6e3 BkItoueHHs B OaaHc KOpbl). 3HAUUTEIIbHAs YacThb nepepada-
TBIBAEMOTI'0 ChIPbSI IIPEBPAILACTCS B TOOOUYHBIE IIPOLYKThI, KOTOPHIE MOXHO II0JIE3HO
HCIOJIb30BATh B APYTUX OTPACIsIX MpombliuieHHocTH [1-8, 13—17, 20-23]. Duepre-
TUYECKOe MPUMEHEHHE 00pa3yIoUINXCsl MOOOYHBIX MPOIYKTOB SIBISETCS OJHUM M3
BO)KHEHILNX HapaBJIeHUH CHHKECHUSI Ce0ECTOMMOCTH F'OTOBOM NPOAYKLUH U [IOBbI-
nreHus: d¢pQGeKTHBHOCTH (aHEpHOTO NMPOM3BOACTBA. Kpome 3TOro, oHO mMo3BOJSET
yCTpaHUTh 00pa30BaHKE, a B PSIIE CIIy4aeB U JIMKBUAUPOBATh, CBAJIKU M OTBAJbI, a
TaKKe COXPaHUTD MI0I0POIHBIE TIOUBHI.

Haubonee pacnpocTpaHEeHHBIM CIIOCOOOM JHEPTETHYECKOTO HCIIOIh30BAHUS
0TXO0I0B (paHEpHOT0 MPOM3BOACTBA SIBISIETCSA UX CKUTAHHE C LIENbIO MOMYyUYeHHUs Te-
TUIOBOM M 3JIEKTPHUYECKOIN SHEPTUH, HEOOXOAMMOW B TEXHOJIOTMYESCKOM IIMKJIIE MPO-
n3BoACTBa [2, 5-7, 9—11, 15-17, 23-26]. B 2020 . 8 HAO «CBE3A YcTb-Mkopa»
OblTa OCTpPOEHA | 3amylleHa MUHU-Teruod1ekrpouenTpans (TOL) ¢ 2 koTinoarpe-
raramu E-40-2.25-3050P (puc. 1) u TypOuHO. [[1s1 O4MCTKH MPOITYKTOB CTOPaHUS
OT B3BEIICHHBIX YACTHL KaXKABIH KOTEN 000pyIOBaH 2-CTyIIEHYaTON CUCTEMOH 30I10-
ouucTkH [9]. [lepBoil CTYINECHBIO SBISETCS MYJIBTHUIIMKIIOH, 00€CIICUMBAIOIINN OT/Ie-
JICHHE YacTHUI YHOCA U3 JBIMOBBIX I'a30B C UX MOCIECIYIOLUIUM a3pOANHAMUYECKUM
BBOJIOM Ha BUOpAIIMOHHYIO peleTKy. BTopas cryneHs — pykaBHble GUIbTpHL. B X071€
JKCIUTyaTauuu MUHHU-TOL] HeonHOKpaTHO HAOIIONAINCh BOCIUIAMEHEHUS B CTYyIIe-
HSIX CUCTEMBI 30JI0yJIaBIUBaHMSL.

DHepreTuueckoe obcienoBanre MuHU-1IL] mo3Bonuno caenats BeIBOA [9],
YTO YCTAHOBJICHHAS! CHCTEMa I'a3004MCTKH sIBIsieTcss HeyaauHol. OHa JTUMUTHPYET
IKCIUTyaTalUI0 KOTJIa MEKAY YACTKAMHU PYKaBHBIX (PHIIBTPOB, COKpaIIasl €€ MpoIo-
KUTEIBHOCTD 10 8—24 4 BBHIY OTpaHUYICHHN 1O TATE. PaboTa KOTIIOB B HECTAITHO-
HapHBIX peKUMax MPUBOIUT K MOSABICHUIO JOMOJHUTENBHBIX 3HEProNnoTeph, KOTO-
pble HEOOXOAMMO YUHUTHIBATH ITPH OTIpeiesIeHIH K0d(D(DUITHEHTA TOJIE3HOTO JCHCTBHS
(KIIT) u ynenpHBIX pacxoI0B TOIUIMBA, & TAKXKE 3HAYUTEILHO YMEHBIIACT KU3HCH-
HBIH IIUKJT KOTIO0B. JlaHHBIE 00CTOSTEIHCTBA ClIENIANH HEOOXOJMMON MOJIEpHU3AIINIO
CHCTEMBI 30JI00YHUCTKH.

Lenb manHON pabOTHI — BBISBICHUE NMPUYMH MOBBIILICHHBIX BBHIOPOCOB TBEP-
JIBIX YacTHIl U OKCHJA YIJIepojia, OTPAaHWMYEHHOTO MeproAa padoThl KOTIa MEXIY
OCTaHOBKAMH JUISl €r0 YUCTKH, @ TAK)KE OTCYTCTBHS BO3MOXKHOCTH OIEPAaTHMBHOTO
BBIBO3a OYAroBBIX OCTAaTKOB Ha ITOJIUTOH.
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Obvexmubl u Memoowbl UCCAEO0EAHUS

Ha cranmmonnom kotnoarperare Ne 1 B 2021 1. 6pi1a MogudUIIIpOBaHa CUCTE-
Ma 30J10ys1aBnyBanus. [Ipr 3ToM BMECTO pyKaBHBIX (PHIIBTPOB YCTAHOBJICH KOMILJIEKC
neiie- 1 3onoyiasnuBanus (KII3Y-10x6%2) npousBomutenbHOCThIO 120 Thic. M3/4,
paspaborannbiii OO0 «Tomckrazoounctkay. J{aHHBIN KOMIUIEKC MPEACTABISIET CO-
0011 TpyNIoOBOH 30JI0yJI0BUTEIb U3 NAPAJIICIIBHO YCTAHOBICHHBIX IbIICYTOBUTEICH
KII3Y-10 (12 wt.), ¢ amameTrpom kopiryca 1500 MM, TpOU3BOUTENBHOCTBIO 110 Ta3y
10 TeIC. M3/9 KaXKIbIiA, 0OBETMHEHHBIX B TPYMITY IO 6 IIT. B 2 sipyca U pa3HEeCEHHBIX
1o BbIcoTe. HoMMHaIBHOE a3pOAMHAMUYECKOe COMPOTHBIECHHE KOMILIEKCa COCTaB-
nset 2,5 klla. B coctaB kak0ro 30510yJ0BUTENS BXOJAT LIUKJIOH, PETYIUPOBOYHBIN
mubep, pacKpy4drBarTelb, MBIICTIPOBO/, TBIIICBON OyHKEp, IUII030BOM 3aTBOpP U BH-
Oparop. Komriuiekc mo3BossieT HenmpepbIBHO YIaBIMBAaTh TOHKOANCIIEPCHBIE MaTEePH-
aJbl C Y4eTOM M3MEHSIOLIEHCS] IPOU3BOIUTEIBHOCTH KOTJIOArperara. YIIOBJICHHBIE
YaCTHIIHI C TIOMOIIBIO IITHEKOBBIX KOHBEHEPOB (2 MIT.), K KAXIAOMY U3 KOTOPBIX IOJI-
KIIIOYEHO MO 6 MbIIEBBIX OYHKEPOB, HAPABIISIOTCS B KOHTEHHEP cO0pa mbuin, 000py-
JIOBAaHHBIM PEBEPCHUBHBIM IITHEKOM JUJIsl PABHOMEPHOTO paclpezesieH s 30JbI-yHOCca
10 CEUEHUIO0 KOHTEHHEPA.

4

i

Puc. 1. IlpuanunuansHas cxema kotioarperara E-40-2.25-3050P
Fig. 1. The schematic diagram of the E-40-2.25-3050P boiler unit

OunineHHbIN B IUKIIOHE a3 HOCTYIIAET B PACKPYUIMBATENb, [I0CIIE Yero coOu-
paercsi B 001U Ta30X01 M C IOMOIIBIO JABIMOCOCA HAINpaBIIAeTCs B TpyOy U Jaiee
B armocdepy. s HopMasbHON pabOThl KOMIUIEKCA U 00ECIIeUeHHs ONTUMAIBHbBIX
YCIJIOBHII cenapanny TBEP/IbIX YaCTHI] peain30BaHa BO3MOXKHOCTH IJIABHOTO PEryIu-
POBaHMS CKOPOCTH 3alIbUICHHBIX I'a30B Ha BXOAE B LIMKJIOHBI C IOMOILBIO IIHOEPOB.
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B TexHuueckoMm 3amaHWM HA TPOSKTUPOBAHUE W M3TOTOBJICHHUE KOMILICKCA
MbLIS- U 30JI0YJaBIMBaHUS ObLIa MPUHATA KOHIIEHTPAIUS TBEPBIX YacTHUI] Ha BXOEC
He 6omee 10 r/m3. Ilpu >TOM pa3paboTdnkaMu MPOEKTa B3sATa 3aBBIMICHHAS dPPeK-
TUBHOCTH 04UCTKH (98,0-99,9 %) mist KII3Y-10%6x2, uTo mo3BONHIO OBl JOCTUYh
KOHIIEHTPAIIMU TBEP/IbIX YaCTHII JydIle eseBoro 3HadeHus — 305 mMr/m3. YuurteiBasd,
YTO UHEPIMOHHBIC MBUICYJIOBUTEIIN HE MOTYT 00ECIICUUTh TaKyH) CTEIICHb OYUCTKH,
B DKCIUTyaTallMOHHBIX YCIOBHSIX HE YNaJOCh JOOUTHCS CTAOMIIBHBIX KOHIICHTPAIIHA
TBEPIBIX YaCTUIl HUXKE IIEJICBOTO TOKa3arels (puc. 2).
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Puc. 2. 3menenne naponpousBoautenbHocTu (D) u koHIeHTpanuii TBepasix yactull (C, )
u okcuza yrepoga (C,) amst neprosia BpeMeHH (¢) paOoTsl KoTiia. YepHast TMHUS — BBIXOJ
MepPErpeToro mapa U3 KOT/Ia B KOJJIEKTOP; KPacHast U CHHsISI — KOHIICHTPAIIMH TBEP/IBIX
YacCTUIl 1 MOHOOKCH A YITIEPpOaa B ABIMOBBIX I'a3aX COOTBETCTBEHHO
Fig. 2. The change in steam capacity (D) and concentrations of solid particles (C,,)
and carbon monoxide (C,,) for the time period (¢) of boiler operation. Black line —
superheated steam output from the boiler into the collector; red — concentration of solid
particles in glue gases; blue — concentration of carbon monoxide in flue gases

Heo0xoauMo 0TMETHTh, YTO KOJICOaHUsT KOHIICHTPAIIMK TBEPABIX YaCTHI] B M-
anazone 100—-600 mr/HM? BbI3BaHbI pabOTON BUOPALIMOHHON PELIETKU U MyIbCaLUs-
MH, KOTOPBEIE OHA CO3aeT B Ta30BOM TpakTe KoTioarperara [9].

BriroueHne B paboTy CHCTEMBI MTAPOBOH CaXe00IyBKH BJICUET 3a CO00M pe3-
KHIA POCT COIeP KaHUs TBEPBIX YACTHII B JIBIMOBBIX ra3aX W, KaK CIEICTBHE, YBEIH-
YEHHME KOHIIEHTPAIIMU TBEPbIX YaCTHUI[ B YXOIAIIMX razax 10 >2000 mMr/am3.

Wcxons 13 SKCIITyaTallnOHHBIX TaHHBIX (DaKTHUYECKas CTCIICHD YIIaBITUBAHUS
TBEpABIX YacTHI] cocTaisieT He Oonee 80 %. Ilpn aTom HabmomaeTcss HaTUNIaHUE
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30161 Ha pabouee KOJIEeCO JBIMOCOca (CO CKOPOCThIO 2—8 MM B HEJICII0), YTO BhI-
3bIBaeT Aucbananc B paboTe M yMEHbIICHHE KU3HEHHOTO LUK AbIMOcoca. Hamu-
MaHue 30JI0BBIX YACTHI[ Ha JOMATKH pabodyero Koieca ABIMOCOCa 00yCIIOBIMBAET
HEOOXOIMMOCTh OCTAaHOBKHM KOTIIoOarperara He MeHee ueM | pa3 B Hellenro, 4To He-
TaTUBHO CKa3bIBACTCS HAa TEXHUKO-YKOHOMHUYECKHX MOKa3aTessiX HHBECTULMOHHO-
rO TIPOEKTa.

Jlnst mpoBeneHNsT KOMIUIEKCHOTO aHaju3a padoThl KOTIoarperara mocie Mo-
JEpHU3AIHUN CHCTEMbI I'a300YMCTKH HCIOIB30BAINCH JKCIUTyaTallMOHHBIE M KO-
JIOTUYECKHE XapaKTePUCTUKH Pa0OThl KOTJIA, MONyYEHHBIC C ITOMOIIBIO CHUCTEMBI
MouuTopuaTra ACY TII (aBTOMaTH3MpOBaHHEBIE CHCTEMBI YIIPABICHUS TEXHOIOTHYIE-
CKHUMH TIPOLIECCaMN), & TaKXKe Pe3yJbTaThl HCCIESOBAHMS TPOO CKUTAEMOTO OHOTO-
TUTHBA U 00Pa3yIOIIMXCS 0YaroBbIX OCTATKOB. TeIIOTEXHUYECKUE CBONCTBA TOILIHB-
HoO#t cmecn ompenemsumich mo 'OCT P 541862010, 'OCT P 54211-2010, TOCT
P 54185-2010 u 'OCT P 541912010, yaenpHas TEIuioTa CrOpaHUs — C MOMOIIBIO
kanopumetpa IKA C 2000 basic Version 2 B coorBercTBun ¢ [SO 1928. DnemeHTHBIH
cocTaB OMOTOIUTUBHOW CMECH M 00pasyroIIencs: 3076l — pEHTTeHO(ITyOpEeCIIeHTHO-
ro criektpomerpa EDX-8000 n ananuzaropa Euro EA-3000. I'panynomeTrpudeckuii
coCcTaB OMOTOILIMBA M OYarOBBIX OCTATKOB YCTaHABIMBAIKNCh HA aHalU3aTopax AS
400 u AS 200 Control mo I'OCT P 54188-2010, 'OCT P 54189-2010. Ucmomns30-
BaHbI TAK)Ke MOJIOTKOBas MeJbHUIA «bopeit» Ui n3MensdeHus: 00pe3koB (haHepsl
W aHAIMTHYECKUH cuToBoil anamuzarop Retzsch AS 200 Control mist mpocenBanus
nmopomkoodpaszHoro Marepuaina. Ilporeccsl, mpoTekarolye mpu HarpeBe OMOTOTLIH-
Ba B MHEPTHOM M OKUCIUTEIBHOHN cpeliax, UCCIeIOBaHbl HA CHHXPOHHOM TepMOa-
nHanmzatope STA 449 F3 Jupiter. O6paboTka NOMyYEHHBIX AaHHBIX MPOBOAMIACH C
KCIIOJIb30BAHUEM MPOrPaMMHO-METOINYECKOro komruiekcea [10].

Pezynomamot uccnedosanust u ux oocyxcoenue

HccnenoBanue rpaHyOMETPUYSCKUX XapaKTEPUCTHUK JIETyueH 30J1bI C JIOMa-
TOK paboyero Koseca JBIMOCOCA, BHIIIOJIHEHHOE B COOTBETCTBHH C TPEOOBaHUSMU
[19], mokazaio, 4T0 OHa WMEET MOJHIUCIEPCHBIA COCTaB (KOA(PQUIMEHT IONHU-
JUCepCHOCTH, 1 = 1,756; KO3 DUIMEHT, XapaKTepU3yOIIUNA KPYITHOCTh COCTaBa,
b =4,452-10-%) (puc. 3). B Hell JOMHHUPYIOT YaCTHIIBI pazMepoM 63 < x < 250 MkM
(92,58 %). MoxkHO cenaTth BBIBOI, YTO UMEHHO YaCTHIIBI YKa3aHHOTO pa3mepa 00-
JIaJIal0T HauboJiee BBICOKOW aJIre3MOHHOM crocoOHOCThIO. CopepikaHnue TOPIOYHX
BEIIIECTB B 30JI€ C JIOMATOK pabouero Koieca ApMococa Cryn= 28,14 %.

R, %
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Puc. 3. UnTerpanbpHble 3epHOBEBIE
80 \ \ XapaKTepUCTUKH 30JIbI: | — ¢ pabounx

JIONATOK JIBIMOCOCA; 2 — YIOBICHHOIT
o ;E \‘ komruiekcom KI13V-10x6x2
m \ Fig. 3. The integral grain
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? \\
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;
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UccnenoBanue nerydeid 300bl, yaoBieHHON komiuiekcoM KII3Y-10x6x%2, mo-
Ka3aJo, 4TO OHAa UMEET OueHb MOJIMANCIEPCHBIN 1 TOHKO(pakuoHHbIH (17 = 0,608;
b=9,028-102) rpanyinomeTpudeckuii coctas (puc. 3). [Ipu 5ToOM B HEM JTOMUHUPYIOT
gacTUIbl pasmepoM MeHee 45 Mxum (51,22 %).

W3ydenue pacnpeneneHusi TOPIOYMX BEIIECTB MO (pakuusaM B JIETydeH 3o0ie,
VACPKAHHOHN IbUICYJIABIMBAIOIINM KOMIUIEKCOM, BBISIBHJIO Oojiee BBICOKOE COJiep-
JKaHHE TOPIOYMX BEIECTB JIIsl YacTul] pazmepoMm MmeHee 45 Mk u 6onee 1000 Mxm
(puc. 4, a). OqHAKO C YIETOM MAaCCOBOTO COIEPKAHUS PA3TUIHBIX (DPAKITUil TIpEeBaITH-
pyroliee BIMSHUE HAa MEXaHUYECKUH HE0XKOI CIeAyeT MPUIUCATh FOPIOYMM Bellle-
CTBAaM B 4acTHLaX MeHee 45 MkM (puc. 4, 0; €' F,— npousBe/ieHne NOPPaKIHOHHOIO
COZIEpKaHUsI TOPIOYHX BELIECTB B JIeTy4eH 3051e U (ppakuuoHHOro ocrarka). [oprounx
BELUECTB B 30JI¢ U3 KOHTEHHEPa cO0pa, YIIOBIEHHbIX 3011bl ¥ 116U ObL10 C' = 29,73 %.

B mpouecce skcrutyaranyu meliie- ¥ 30J0yJIaBIUBAIOIIET0 KOMIUIEKca OOHa-
PY’KEHO TJICHHE OCTaBLIMXCS TOPIOYMX BELIECTB B KOHTEHHepe cOopa YIOBICHHOH
305161 U IIBUIM, YTO CO3JAET BBICOKUH PHCK MOXKapa 1 UCKIIIOYaeT BO3MOKHOCTh OIle-
PaTUBHOTO BBIBO3a COJEPKHMOI0 KOHTEHHEpa Ha IMOJUTOH Pa3MELIEHHs] OTXOJOB.
Bo3MoxHOM MPUUMHON TaHHOTO MpoLEcca SIBISIETCS. BBICOKUI YPOBEHb HArPY30K Ha
Komioarperar (Tadi. 1), 4To yBeTUYHIIO CKOPOCTH IIPOAYKTOB CTOPAHUS, YMEHBIIIHIIIO
BpeMs IPEObIBAHMUS TOPIOYHX BELIECTB B TOINKE, IIOBBICHIIO KPYITHOCTh YHOCA U CYM-
MapHYyI0 MacCy YHOCHMBIX YacTHII. Bce mepeunciienHoe MpHUBeo K POCTY KoHude-
CTBa FOPIOYMX BELIECTB B JIETy4eH 30I1€.

S ki, %
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1000 X, MKM o

1000 X, MKM

Puc. 4. Conep:xaHue roprouyux BELIECTB B JIeTyuel 30iie, ynoBineHHoH KII3Y-10x6x2:
a — Mo(h)paKIMOHHOE; 6 — C YIETOM MAaCCOBBIX JIOJIEH pa3MuIHbIX (paKuit

Fig. 4. The content of combustible substances in the fly ash captured by the KPZU-10x6x%2:
a — fractional; 6 — taking into account the mass fractions of various fractions

[lepBoHaUaTBHBIMY OYaraMy TOPEHUS SBISIOTCS YaCTUIBI OMOTOTUIMBA B 30JI€
Y IIUTaKe, yJauseMble ¢ BHOPAIIMOHHON pPelIeTKH, KOTOpBIE, Tonaas B COOPHBINA KOH-
TeHHep, BOCINIAMEHSFOTCS M BBI3BIBAIOT MMOCIICAYIONIEE TIACHUE YacTUIl YHOCA, HaXO0-
nammxcst moonusoctu [9]. [omywaercs, 9To copepkaHne TOPIOYNX BEIIECTB B 3071€,
0TOOpaHHON U3 KOHTelHepa cOOpa, MPUBEICHHOE BHIIIE, MOXKET OBbITh 3aHUKCHHBIM
BBH/Iy IIpOIIECCa TIACHHUSL.

l'apanTupoBaHHas KOHLIEHTpauusi OKCHJA YyIVIEpoJa B yXOJAUIMX Ta3ax —
500 mr/aM?. CymiecTBeHHass HECTaOWIBHOCTh DKOJIOTMYECKUX TOKa3arened M pas-
peXCHHS B BEpXHEH YacTH TONKH BBI3BAHBI paOOTOI BHOpAIIMOHHON pemreTku. Ee
BKJIFOYCHUC BLI3bIBACT BCTPAXMBAHHUC TOIUIMBHBIX YaCTHUL], COIIPOBOXAAIOLICCCA
3HAYUTENHHBIM YBEJIMUEHHUEM PEaKIMOHHON TMOBEPXHOCTH OHOTOIIMBA M 00BEMa
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BBIJICTISIIOIINXCS TOPIOYMX BEIIECTB. TATOMyThEBbIE YCTAHOBKM HE YCIEBAIOT «OT-
KJIMKHYTbCS» HA JAaHHYIO CUTYallUIO, PE3YJIETATOM SIBIISIETCS PE3KOE CHIKEHUE Pa3-
PEKEHUS B BEPXHEH YacTH TONKH U POCT KOHLEHTPaLU OKCHa yIIIepoaa B IPOLYyK-
Tax cropaHus. B uTore KOHIEHTpalUs yrapHOTO ra3a MOKET MPEBBIIATh TOPOTOBOE
3HAUCHHE, JKEe MPH MAapPONPOU3BOIUTEIBHOCTH KOTaoarperara B 2,5 pasza Oosblie
MHUHHMAJIBHO JomycTUMOoH (12 1/4). BpemeHHOM neproy KoiebaHuil KOHIIEHTpaIii
BPEIHBIX HHIPEIUCHTOB COOTBETCTBYET IMEPUOAY BKIIOYCHMS BHUOPAIMOHHOM pe-
IIETKH.

Tabauna 1

OcHOBHbBIE MapaMeTPbl padoThI CTAHIIMOHHOTO KoTJI0arperara Ne 1 E-40-2.25-3050P
The main operating parameters of the station boiler unit no. 1 E-40-2.25-3050P

OnbIT
[loka3zarenn " 3
[Tapornpon3BOAUTEIILHOCTD, T/4 39,90 36,70
Pabouee naBnenue neperperoro napa, MIla 2,07 2,15
Temmnepatypa neperperoro napa, °C 307.,5 305,8
Temnepatypa nuraTenbHoi Bojbl, °C 127,4 128,5
Brnaxnocts Torusa, % 32,50 32,50
30JILHOCTh TOILTHMBA, %0 0,82 0,82
MunnMabHas TerioTa cropanus, MJx/kr 11,91 11,91
TemmepaTypa Bo3ayxa mocie Bo3ayxomnonorpesarens, °C 224.5 225,0
JlaBneHue Bo3ayxa mnocie Bo3ayxomnoaorpenaress, klla 7,70 7,20

Temmepatypa ra3oB go/mocie 2-if CTyIeHH naporneperpesa-
Tens, °C 699,0/529,0 | 647,0/508,0

Temmeparypa ra3oB nocie 1-it crynenu naponeperpesarens, °C 460,0 448.0
TemmepaTypa ra30B 10/mocie Bo3myxonogorpenarens, °C 311,5/200,5 | 308,5/198,0
Conporusnenne KII3Y-10x6x2, klla 1,82 1,46
KoadduumenT n3osiTka Bozayxa nepen KI13Y-10x6x2 1,17 1,37
ITorepu Temna:
C YXOASILIUMU Ta3amMu, % 6,53 7,36
C XUMHUYCCKUM HEeH0KOoroM, % 0,12 0,17
C MEXaHHUYCCKUM HeHoKoroM, % 0,90 0,90
B OKpY’KAIOILyIO cpexy, %o 1,07 1,17
¢ ¢u3nUecKoi TEIIOTOM 1Iaka, %o 0,03 0,03
Koadhdumment none3Horo aeiicTBUs KOTIa OpyTTo, % 91,35 90,37
[TomHBIi pacxox TOIUIMBHOW CMECH, T/4 9,209 8,526
Omuccus CO, mr/MJIx 184,8 209,8
DMuccHs B3BEIMIEHHBIX YacThIl, Mr/MJ[x 70,86 55,95

JI1st ycTaHOBIICHHS 3arpsI3HSIONICH CIIOCOOHOCTH 30JIbI, 00pasyromielicss mpu
CKUTaHUU 0Ope3KOB (haHephl, ObUT MCCIIEIOBaH AIIEMEHTHBIN cocTaB ApoOiIeHKH (a-
HEpBbI U 30JIbl, MIOTYYAIOLIEHCs] IPU cropanuu nepsoi (tadi. 2). Ilokasano, 4ro apo-
Onenka (aHepbl SBISETCS CaMbIM CHJIBHBIM 3arps3HSIOIIAM KOMITOHEHTOM CKHTa-
emoli TorunBHOU cMmecH [9]. Tak, cogepkanne CaO B ee 305e B 5 pa3 MpeBbIIAET
noporosoe 3HaueHue [18], a okucios menounsix MeraiioB Na,O + K,0 = 17,95 %,
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JTAIOIIMX TUTOTHBIE OTIIOKEHHS Ha TIOBEPXHOCTSX HarpeBa, — ouTH B 5,8 pasa. Mckiio-
YEeHUE TaHHOM COCTABIIAIOIIEH U3 TOIUIMBHON CMECH MO3BOJIUT 3HAYUTEIBHO CHU3UTD
MHTEHCUBHOCTbD 3arpsI3HEHU [I0OBEPXHOCTEH HarpeBa Komioarperara 1 yBeJIuuuTh Bpe-
MEHHOW WHTEpPBAJI 3aITyCKa CHCTEMBI Ca)Ke00JyBKH, YTO 00ECIIEUHT OILyTUMOE YMEHB-
LICHHE 3aJIIIOBBIX BBIOPOCOB TBEPABIX YaCTHLl B aTMOC(HEPHBII BO3IYX.

Tabnuna 2

OcHOBHBIE 3JIeMEHTbI COCTaBa AP00JIeHKHU (paHepbl U ee 30J1bI, %o
The main elements of the composition of plywood chips and its ash, %

OnemeHT Jpobnenka 3oma OneMeHT Jlpobnenka 3oma
CaO 0,777 65,000 ZnO 0,003 0,026
Fe,O, 0,025 1,020 CuO 0,001 0,043
SO, 0,042 0,261 MnO 0,009 0,710
SiO, 0,046 4,980 Cr,0; 0,002 0,034
P,0O; 0,021 0,643 Cl 0,077 0,556
NiO 0,001 0,012 Na,O 0,521 15,900
K,0 0,071 2,050 (0] 44,800 0,939
AlO, 0,015 0,735 N 1,510 0,189
MgO 0,035 2,880 C 46,50 3,36
SrO 0,002 0,134 H 5,550 0,471

W3zyyenne rpaHyIOMETPUYECKOTO cocTaBa ApoOIeHKH 00pe3KoB (haHephl MMo-
Ka3asio, 4T0 OHa MMEET MOJUANUCIIEpCHBIN (1 = 1,655), KpyNMHOIMCIEPCHBINH COCTaB
(b =3,113-10-%). IIpu 3TOM TOMHHUPYIOT YacTUIBI pazmepoM x > 30 MM (49,20 %).
Taxoi#l cocTaB MOJTHOCTHIO COOTBETCTBYET TPEOOBAHUSAM i KOTJIIOB CO CIOEBBIM
C)KUTAaHMEM TOTLINBA.

B Apxanrenbckoit 0061acT qpobieHka haHepsl YCIETHO COKUTAeTCs B BOJO-
TPYOHBIX KOTJIaX MIpH ee J00aBKe K TOIUIMBHOM 1ierne. JJaHHbIH MoO0UHBIH TPOILYKT
(haHEepHOTO MPOU3BOJICTBA UMEET IOCTATOYHO BHICOKHE YHEPTETHUECKHE [T0Ka3aTe-
71 Ha pabouyio maccy (BraxxHocTh — 5,00 %; 30mpHOCTE — 1,49 %; HU3MIAS yuenb-
Has TerutoTa cropanus — 17,71 MJDK/KT ¥ BBIXOI JIETYYHX BEIIECTB HA TOPIOUYIO
maccy — 77,00 %).

[TpoMBIIUIEHHO-IKCTITyaTaI[HOHHBIE HCIIBITAHUS KOTEIbHBIX YCTAHOBOK pa3-
JMYHOTO KOHCTPYKTHBHOTO HCIIOJHEHHUS M TEIJIOBOM MOIIHOCTH IOKa3alH, 4TO
Hanbojee TPYAHO HCIONB3YEMBIM OTXOAOM (paHEepHOTO MPOM3BOJACTBA SIBISETCS
npobieHka (aHepbl, BBUAY COJCp)KaHMs B HEH Kiiesh Ha OCHOBE (eHoIopopMalib-
JeruaHBIX cMout. [ToaToMy mpu moATroTOBKE 00pE3KOB (haHEephl K MCCIETOBAHMIIM HX
M3MeJbYaIl B MOJOTKOBOM MENBHHUIIE W 3aTeM NMPOCEHBAINA Ha AaHAIUTHYECKOM CH-
TOBOM aHanu3atope. [Ipu mpoBeneHnr OMBITOB HA COBMEILICHHOM TEPMOAHAIN3aTO-
pe ucnonb3oBanu Gpakipio ¢ pazmepoM yactuil oT 125 no 500 mxm. Tepmudeckuit
aHanmu3 o0pasloB IpoOieHkr (aHepbl POBOIWIM B CPe/ie a30Ta C PacXolloM Trasa
50 mur/™MuH U B Bo3aymHOH cpene. [IpoOsr HarpeBanu co ckopocthio 10 °C/mun 1o
700 °C B cpene azora u g0 975 °C B Bo3aymIHO# cpene. JlaHHbIe OTBITHI TO3BOIMIN
MOJyYUTh TEPMOTPAMMBI, OfIHA M3 HUX TPUBEICHA Ha PUC. 5. AHAIHU3 MPOIECCOB
MPOBOAMIM C WCIOJIb30BaHMEM KpHBBIX M3MeHeHus maccel (TI), ckopoctu aToro
npouecca (JITT) u Temnoseix 3ddekroB B odpaszuax (ATA). Temnepatyps! 11 pas-
JUYHBIX CTAJIUI TEPMHUUECKOTO Pa3NioKeHuUs (paHephl epeunciieHbl B TaoI. 3.
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Puc. 5. Tepmorpammel Ipolecca TEpPMUUECKOTO Pa3IoAKEHHs B CPEJIe a30Ta APOOICHKN
(aneps! ipu ckopoctu Harpesa 10 °C/mun: 1 —TI; 2 — ATT; 3 — ITA

Fig. 5. The thermograms of the thermal decomposition process in a nitrogen environment
of plywood chips at a heating rate of 10 °C/min: 1 — TT'; 2 — ATI; 3 — ITA

Tabnuna 3

Pe3yabTaThl TEPMOrpaBHMETPHYECKOI0 AHAIM3A NPOLECCA TEPMHUYECKOT0 PA3JI0KeHUs
ApoGsIeHKH (aHepbI
The results of thermogravimetric analysis of the process of thermal decomposition

of plywood chips
Cranus Cpena TemneparypHslii 1uamasos, °C
Cymika 30-110
WueprHas
BrIxon ieTyunx BeliecTn 190-270*-500 (315)**
Cymka 30-110
Boixon u ropenue sieryuix Bosxywmas 175-210%-350 (277)***
BCILICCTB
Topenue kokca 370-550 (413)****

*TemrepaTypa Haualla HHTEHCHBHOTO BBIXOJA JIETYYHX BEIIECTB. **, *** #***Temmeparypa, cooT-
BETCTBYIOIIAsi MAKCUMAJIBHOW CKOPOCTH BBIXOJIA JICTY4HX BEIIECTB, X BbIXOJA U TOPEHHUS, BHITOPAHUS
KOKCOBOTI'0 OCTaTKa COOTBETCTBEHHO.

OKCTIepUMEHTANLHBIC TAHHBIC TIO3BOJIMIIM CIEIATh CICIYIONTNE BBIBOIBI:

cymka apoOiieHK: (haHepbl B HHEPTHOM M BO3YIITHON Cpelax MpOTEeKaeT aHa-
JIOTUYHO CYIIKE IPYTUX BHIOB OmoTorunBa [12];

TeMIIepaTypa Hadaja HHTEHCUBHOTO BBIX0J1a JICTYYUX BEUICCTB OJM3Ka 3HaYe-
HUSM JIJIS1 IPEBECHHBI OEpe3bl, elTH M COCHBL;

TeMIiepaTypa, COOTBETCTBYIOIIAs MAKCUMAIBHONH CKOPOCTH BBIXONIA JIETYUUX
BEIIECTB B CpeJIe a30Ta, /Ui APOOICHKH MEHbIIIE, YeM JIJIS IPYTUX BUJIOB OMOTOILIH-
Ba [12];

TEPMHUYECKOE PaA3JI0KEHUE CHIIBHO PACTSHYTO BO BPEMEHHU U IMPOIOIDKACTCS
JTake 0 TOCTIKEHUH Temnepatypsl nporecca 470 °C, mpu atom nocie 370 °C cko-
POCTh yOBUIM MacChl 3HAUUTETHHO YMeHbIaeTcs u ¢ 380 °C 3aBUCUMOCTh MOTEPU
MacChl UMEET JIMHEHHBIN XapaKkTep;
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TEPMOPA3JIOKEHNE IPOOIECHKH (haHepbl BO BCEM HCCIICTOBAHHOM JAMAaNa3oHe
TeMIIepaTyp XapaKkTepHu3yeTcs KaK SHIO0TCPMUIECKUIA POIece;

B CpeJie BO3/TyXa HHTEHCHUBHBIA BBIXO]] JICTYYHX BEIIECTB IIPH MaKCUMAIbHOMN
CKOPOCTH X BBIJICICHHS HAYMHACTCS 3HAYUTEIIHHO PaHbIIIE ITPU CYIIECTBEHHO OoJiee
HHU3KHX TEMIIepaTypax;

HanOOJIbIIasi CKOPOCTh BBITOPAHUSI KOKCOBOTO OCTATKa JJIsl APOOIeHKH (aHe-
PBI JOCTUTACTCS IPU OOJIee HU3KUX TeMIIepaTypax, 4eM JJIst IPEBECHHBI Oepe3bl, eI
U COCHBI.

JlaHHBIE CyLIECTBEHHbBIC OTIMYHS, OYEBUTHO, CBI3aHbI C HATMYHEM B UCCIIC/TY-
€MOM MarepHae Kies Ha OCHOBE (heHOI0(OPMaIIbACTUIAHON CMOJIBI, KOTOPBIN TPH-
MeHsieTcsl B paHepHOM MPOU3BO/ICTBE.

Raxnrouenue

Monepam3altus 2-i CTyTIIeHH Ta3004HUCTKH 00eCIIeunyia BO3MOKHOCTE PabOTHI
KOTJIa ¢ Oosiee BBICOKOW MPOM3BOIUTEIBHOCTBIO U YBEIMYMIIA TMIEPUOJ] €T0 IKCILTY-
aTaluy MEXJy YUCTKaMu B 7—21 pa3 — A0 MOJAEpHHU3aLUU OH COCTaBsul 8—24 4, a
nociie — 168 u.

Pabora xoTmoarperara ¢ 6oJiee BEICOKMM YPOBHEM HArpy30K MOBBICHIIA CKO-
POCTHU ABUKCHUSA IPOAYKTOB CTOpaHus U YMECHbIIINIIA BPEMA Hpe6I)IBaHI/I$[ TOproYnx
BELIECTB B TOIMOYHOM Kamepe, YT0 00yCIOBUIIO POCT MOIUIUCIEPCHOCTH JIeTy4en
30J161 ¥ COZIEPKAHMS B HEW TOPIOYMX BEIIECTB. YBETMYCHHE YPOBHS TOPIOUUX Be-
IIECTB B JICTY4YeH 30JI€ CTaJI0 OJHOM U3 MPUYUH €€ TIICHUS B COOPHOM KOHTEHHEpE.
JlaHHOE 00CTOSITENIECTBO CO3JAET BBHICOKMH PUCK TOXKapa M UCKIOYAeT BO3MOK-
HOCTDB OIICPAaTUBHOI'O BbIBO3a COACPIKUMOIO KOHTeﬁHepa Ha IMOJIMI'OH pa3MCIICHUA
OTXOJI0B.

Croe-(akenpHass TEXHOJOTHS CKUTAHHS MOOOYHBIX MPOAYKTOB (haHEPHOTO
MPOU3BOJICTBA, PEAJIM30BAHHAS C MTOMOIILI0 MEMOPaHHOW BUOPAIIMOHHON pelieT-
KH, SBJSIETCS MCTOYHUKOM BHOPAIIMH AJIIEMEHTOB OCHOBHOTO W BCIIOMOTATEIHHOTO
000pyIOBaHUS KOTJIA, YTO YMEHBIIAET WX )KU3HCHHBIM IIUKJI U YBEIHMYUBACT dHEP-
ro3arparsbl.

Bonooxnaxnaemasi BHOpaIiMoHHas perieTka BBICTYIaeT B Ka4eCTBE MCTOY-
HUKa MyJIbCAIMI B TOTIOYHON KaMepe U MOCIEAYIONUX JIEMEHTaX Tra30BOro TpaK-
Ta kotia. CiencTBueM SIBISETCA HECTaOMIBHOCTH JDKOJIOTHYECKUX ITOKa3areleH,
YPOBHS Pa3peKEeHUs B TONMOYHON KaMepe W HEBO3MOXKHOCTH JOCTH)KCHUS TapaH-
THPOBAHHOW KOHIIEHTPAIMU MOHOOKcHAA yriaepoaa (500 Mr/M?) v 30JI0BBIX YaCTHI]
(305 mr/m3).

JlaHHBIE 3KCTITyaTallni MUHU-TETUIOAIEKTPOIIEHTPAIH CBH/IETELCTBYIOT, UTO
CTEIeHb YJaBIMBAHUS TBEP/BIX YaCTHIl cocTaBisieT He Oonee 80 %. Habmonaercs
HaJIMITaHUE 30J1bl HA JIONATKH Paboyero Kojeca JbIMOCOCa, BhI3bIBAIOIIEE TUCOaTaHC
Y TIOBBIIIIEHHYIO BUOPAIHI0. DTO YMEHBIIAET KU3HEHHBIHN ITUKIT TIOAIIAITHIKOB H JIbI-
MOCOcCa B LIEJIOM, a TaKke 00yCIOBIUBAET HEOOXOJUMOCTh OCTAaHOBKH KOTJIoarperara
He pexe ueMm | pa3 B Hexmenro. Pe3ynbrarsl nccienoBanus (hpakiMOHHOTO COCTaBa
JeTy4eil 30J1bI C JIOMATOK JBIMOCOCA MOKa3aiH, YTO B HEH JIOMUHHPYIOT YaCTHIIbI
pasmepom 63 < x < 250 MkM, oOnajgarornue Hauboiee BHICOKOH aare3MoHHON CIIo-
COOHOCTBIO.

AHanu3z 3arps3HsIoield cnocoOHOCTH 30J1bl, 00pasyrolIeicss Py CXKUTaHUU
TpoONeHKH (aHephl, BBISBUI, YTO OHA SBIISETCS CaMbIM CHIIBHBIM 3arpsi3HSIONIAM
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KOMIIOHEHTOM C)KUTaeMoM TOIUIMBHOU cMmecu: cogepxkanue CaO u okucios Na,O +
+ K,O B 3051€ 3HaUNTENBHO NMPEBBIIIAET IPEACIbHBIE 3HAYEHUSI.

N3ydenne TepMUYECKHX IMPOIECCOB sl ApOOIeHKH (aHephl B MHEPTHOW U
BO3IYIIHOM cpefax B TemrepaTypHoM auarnaszone 25-975 °C mo3BoIuIo OTMETUTH,
YTO HaJW4YMe B MCCIEAyeMOM MarepHualie Kiies Ha OCHOBe (heHoJI0(opMahIeru/I-
HOM CMOJIBI OKa3bIBAET 3/1€Ch CYIIECTBEHHOE BIIHMSHUE.
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Annomayus. TlpencTaBieHbl pe3ynbTaThl CPABHUTEIBHON OIEHKH (DPU3MKO-MEXaHWYECKUX
XapaKTEPUCTUK YITAKOBOYHOW BIIATONPOYHON OyMard nM3 XBOMHOHM M JIMCTBEHHOW OeleHOM
nemnono3. HepaspymaromyMy 1 pa3pyialomiMi METOJIaMU BBITTOJTHEHBI N3MEPEHUs 00-
pasuoB Oymaru 60 r/m2, pasmepamu 120x120 MM, pasMedeHHBIX Ha KBaAparhl 15x15 Mm.
[Tomy4eHsl mosst XapakTEPUCTUK Ha JIOKAJIBHBIX yuacTKax. Kpome TONIMHBI 1 HEOJHOPOIHO-
cTH pocseTa ¢ npumeHenueM MK-crnekrpockonuu Hepa3pyIaroiero NoJIHOro BHyTPEHHETO
OTpakeHHsI OIPEAETIEHbI TapaMeTPhl JTOKAIbHON CTENEHH aHU30TPOIUY U YIJIa OPUEHTALUU
BOJIOKOH. YCTaHOBJICHBI (PM3UKO-MEXaHIMUECKHE TIOKa3aTelH MPU HCIBITAHUH Ha PACTSIKCHUC
00pasIoB Maoi JUIMHBI. BBIsSBIEHO, 4TO (PIIOKYIIBI M TPOMOMHBI B JINCTE OyMaru, BU3yallb-
HO BBIPAXAIOLIUECS B HEOJHOPOIHOCTU MPOCBETA, BHOCAT PELIAIONINI BKIIaJ] B HATMUYUE JIO-
KaJIbHOW HEOIHOPOTHOCTH aHWU30TPONUHM M BapHalHUio Ae(OpMAIIMOHHBIX M MPOYHOCTHBIX
XapaKTepUCTUK Oymaru. Bapmanust HEOTHOPOJHOCTH NPOCBETA, U3MEPEHHAs Ha OTACIBHBIX
ydacTkax, npessimaet 11 % npu Bapuanuu TonmuHsl He 6onee 3 %. Koaddunuent Bapua-
1K 1e(OpPMaMOHHBIX XapaKTEPUCTHK B HECKOJIBKO pa3 Oosiblie Ko QHIIMEHTa BapHALIUH
JUTSl TOJIIMHBI 00pa3Iia ¥ 3aBUCHUT OT 001acTH 1e(hOPMUPOBAHHSI, B KOTOPOW M3MEPEHBI ITOKa-
3aTenn. AHaIU3 SKCIEPHUMEHTAIBHBIX JaHHBIX U UX CTaTUCTHYECKasi 00paboTKa MO3BOJIMIH
MOJYYHUTh BU3yalbHOE MPEACTABIECHUE O PACIPEAEIEHUHN JIOKAIBHBIX XapaKTEPUCTHK CTPYK-
TYpBI, a Takke JeGOpPMAMOHHBIX M ITPOYHOCTHBIX CBOWCTB. Ilo Tmcrorpammam pacrpene-
JICHUS ¥ TIOJISIM JIOKAJIBHOH aHM30TPOIHMH CTPYKTYPHI U Je(OPMALMOHHBIX CBOWCTB Oymaru
YCTaHOBJICHA OYCHb BBICOKAsl BapHallysl MapaMeTPOB CTPYKTYPBI M IpeoliagaHie y4acTKOB
C MOHIKEHHON aHM30TPOIHEH M0 CPAaBHEHHUIO C YYacTKaMu ¢ Ooibioi aHuzorponueil. O6-
Hapy>KEHO COOTBETCTBHE IOJEH JIOKAIBHBIX MPOYHOCTHBIX XapaKTEPUCTUK: MaKCHUMAaIbHOE
HarpspKeHHUE, YUTHHEHHE JI0 MAaKCUMaJIHOM Harpy3KkH 1 padboTta paspymieHus. [lokazaHo, 9to
BapHalysl MEXaHUYECKUX XaPaKTEPUCTUK yBEIMYMBAETCS NMPHU MEPEXOAE OT YHPYrod 30HBI
Je(OpMHUPOBAHUS K 30HE pa3pylICHHUs U MaKCUMaJIbHA ISl ITApaMeTPOB, HHTETPAIBHO OIIH-
CBIBAIONIMX JIe()OPMALMOHHBIE U TPOYHOCTHBIE CBOMCTBA, TAKNX KakK paboTa pa3pyIIeHHs.
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Abstract. The results of a comparative assessment of the physical and mechanical characteris-
tics of moisture-resistant packaging paper made of bleached softwood and hardwood pulp are
presented. Non-destructive and destructive methods have been used to measure 60 g/m? paper
samples measuring 120x120 mm, divided into squares of 15x15 mm. The fields of character-
istics in local areas have been obtained. In addition to the thickness lookthrough heterogene-
ity, the parameters of the local degree of anisotropy and the angle of orientation of the fibers
have been determined using non-destructive total internal reflection IR-spectroscopy. Phys-
ical and mechanical properties have been determined during tensile testing of short-length
samples. It has been revealed that floccules and gullies in a sheet of paper, visually expressed
in the heterogeneity of the lookthrough, make a decisive contribution to the presence of local
heterogeneity of anisotropy and the variation in the deformation and strength characteristics
of the paper. The variation in the lookthrough heterogeneity measured in individual sections
exceeds 11 % with a thickness variation of no more than 3 %. The coefficient of variation
of deformation characteristics is several times greater than the coefficient of variation for
the sample thickness and depends on the deformation area in which the parameters are mea-
sured. Analysis of experimental data and their statistical processing has made it possible to
obtain a visual representation of the distribution of local characteristics of the structure, as
well as deformation and strength properties. According to the distribution histograms and
fields of local anisotropy of the structure and deformation properties of the paper, a very high
variation in the structure parameters and the predominance of areas with reduced anisotropy
compared to areas with high anisotropy have been established. A correspondence has been
found between the fields of local strength characteristics: maximum strength, elongation to
maximum load, and fracture work. It has been shown that the variation of mechanical charac-
teristics increases with the transition from the elastic deformation zone and is maximum for
parameters that integrally describe deformation and strength properties, such as fracture work.
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Beeoenue

Bymara xak KanmwuIsipHO-IIOPUCTBIA MaTeprall 00JIaacT aHU30TPOITHOM 1 He-
OIHOPOMHON CTPYKTYpO#, KOTOPYI0 0Opa3yloT CTOXAaCTUYECKH PaCIpeeICHHBIC B
IJIOCKOCTH JIUCTa 00paboTaHHBIE pACTUTEIIbHBIC BOJIOKHA, CBI3aHHBIC MEXIY COO0M
CHUJIaMH MEXBOJIOKOHHBIX CBsizet [19].

HeonHopoaHOCTE MaKpOCTPYKTYpBI OyMaru, BeI3BaHHAs MporieccaMu (IIOKy-
JISIUH TIPU OTJIUBE, IPUBOJIUT K HEOJHOPOIHOCTH psijia XapaKTePUCTHK MaTepHala,
TaKuX Kak Macca 1 M2, TONIHA, TUIOTHOCTb, U, KaK CIEACTBUE, BapHUAITUU IPOYHOCT-
HBIX ¥ JIc()OPMAIIMOHHBIX CBOMCTB HA COCEHMX y4acTKax.

Bomnokna B cTpykType Oymaru pasnuyHbI 1O pasMepam, (hopMe u HeOoIqHO-
HaIpaBIICHHO OPUEHTHPOBAaHBI. HEOMHOPOMHOCTE CTPYKTYPHI 00eCTIeunBaoT (Iro-
KyJIbI ¥ TIPOMOUHBI. AHU3OTPOIIUIO CTPYKTYPBI ONpPEACNIeT MPEUMYIeCTBeHHAS
OpUEHTAIHS BOJOKOH B MAllIMHHOM HarpaBieHUU. [Ipu 3TOM B TOKaIBHBIX (IIOKY-
Jlax ¥ TMPOMOMHAX HAIMpPaBIEHHOCTHh BOJIOKOH MOXET OTIuW4aThcsa. Hamuuue Bcmo-
MOTaTeIbHBIX BELIECTB (HAMOJHUTEICH, THAPOPOOU3UPYIOIIMX U YIIPOUHSIOUUX
BEIECTB, (PIOKYISIHTOB W TIp.) BHOCHUT BKJIAJ B HEOJHOPOIHOCTH CTPYKTYPHI TO-
JotHa [12].

Jlst MHTETpanbHON OIEHKH HEOJHOPOAHOCTH MAaKpPOCTPYKTYpPhl OyMaru Hau-
OoJibllice PACIPOCTPAHCHUE IMOJIYYMIM U3MEPEHHUs HEOIHOPOJHOCTH IOJIOTHA HA
MIPOCBET C MPUMEHEHUEM ONITUYECKUX METOIOB ISl aHAIN3a PABHOMEPHOCTH CBETO-
BOTO TIOTOKA, MPOXOJSIIETO CKBO3h JINCT Oymaru [4].

Ou3NKO-MeXaHMIECKHUEe CBOWCTBA IIEJUTIONO3HBIX BOJIOKHUCTBIX JIUCTOBBIX Ma-
TEPHUAJIOB B OCHOBHOM 3aBHCAT OT MPOYHOCTH XUMHUYECKHUX BHYTPUMOJICKYISPHBIX U
BOJIOPOJTHBIX CBSI3H Pa3HBIX TUIIOB: BHYTPH M MEXKMOJICKY/ISPHBIX B ICJUTFOJIO3HBIX
KPUCTALIUTAX, MEK(YUOPUIUIIPHBIX B CTPYKTYpPE CTCHKH BOJIOKHA M MEKBOJIOKOH-
HBIX B OyMaKHOM JTUCTE.

OTMedeHHBIE 0COOCHHOCTH CTPOCHHS CTPYKTYPHI 00yCIIOBIMBAIOT aHU30TPO-
MU0 ¥ HEOAHOPOMHOCTh (DM3MKO-MEXaHWYECKUX CBOWCTB Oymarw. [lpm mpumorxe-
HUU K 00pa3ily Oymaru BHEIIHEH Harpy3Kd B CTPYKType MaTepuaia HHHIUUPYETCS
BO3HUKHOBCHHE KOHIICHTPAIIMI HANIPSDKECHUH B MEXK- U BHYTPUBOJIOKOHHBIX CBSI35IX,
BEJIMUMHA KOTOPBIX 3aBUCHUT OT KOJIMYECTBA KOHTAKTOB, UX IUIOMIAJA U OPUCHTAIHH
BOJIOKOH Ha JIOKQJIBHOM ydacTke [15].

PactutensHbIE BOJIOKHA SBJISIOTCS OCHOBHBIMU JIEMEHTAMH MaKpOCTPYKTYPHI
OyMaru u COCTOSIT U3 IPUPOIHBIX MTOTUMEPOB — HEILTIONO3bI, TEMUIIEIUTFONIO3bI H JIUT -
HuHa. [103TOMYy JTIOTUYHBIM TIPEICTABISAETCS PACCMATPUBATH CTPYKTYPY U CBOHCTBA
LEJUTIONIO3HBIX MAaTEPUAIOB C MO3UIHMHA (DU3UKOXUMHH PACTUTEIBHBIX MMOJUMEPOB H
MIPUMEHATH COOTBETCTBYIOIINE METO/bI aHan3a [2, 10].

Jlns mccnemoBaHUsT XMMHYECKOTO COCTaBa, CBOMCTB M CTPOCHHSI TIOJTUMEPOB
[EJUTION03HO-0YMa)KHBIX MaTepUaioB B MHUPOBOW HAyYHOW NMPAKTHUKE IIHPOKO HC-
nonb3yercss UK-cnexrpockonus [8, 21, 22, 27, 29]. [IpuMeHeHne KI1acCUYECKUX
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MeTo10B MK-criekTpockonuy mo3BoNISeT YCTaHOBUTH, HAIPUMED, Pa3INyUs KOMIIO-
HEHTHOT'O COCTaBa TPaBSIHBIX LEJII0JIO3 C OJHOW CTOPOHBI M XJIOIIKOBOM U JIpeBec-
HBIX ¢ ApyToii [6, 20].

HK-cnekTpockomnusi JaeT BO3MOXKHOCTh OIIEHUTh KOJMUYECTBO JIMTHHHA, 3KC-
TPAKTUBHBIX BEIIECTB W LEJUIIOJIO03bl B JPEBECHOM ChIpbe [26, 28], a Takke BbI-
X0Jl Kpa(T-1IeJUTIOI03bI, coiepkanue B Hell nemutroio3sl [23]. C nomomnipio dypbe
NK-crieKTpoCcKoIiu H3y4arT COCTAaB HCTOPUIECKUX 00pa3lioB OyMaru u CTeIIeH! UX
Jerpajialiiy B TeUeHUe BpeMenu |7, 9].

[ToBepxHOCTh Oymaru SIBISIETCS ONTHYECKH HEOAHOPOIHOW CHUCTEMOH co
crienu(pUUECKUM PaCTIOIOKEHHEM JUCKPETHBIX MEUTIOI03HBIX BOJIOKOH. [l aHa-
JM3a COCTaBa TMONOOHBIX CTPYKTYPHO-HEOJAHOPOIHBIX MAaTEpHaioB MPUMEHSIOT
NK-cnekTpocKonio HapymeHHOro TMONMHOTO BHyTpeHHero orpaxenus (HIIBO).
Merton ocHOBaH Ha (PU3UYECKHX SIBIICHUSIX, KOTOPbIE BOZHUKAIOT TPU OTPAKCHHUN
CBETa Ha TpaHUIE pas3jena 2 Cpell ¢ pa3HOM ONTHYECKOM MIOTHOCTHIO. CHEKTp
HK-cnekrpockormmu HITBO mmeeT xapakTepucTUKu U (OpPMY, aHAIOTHIHBIC CIICK-
TPy TOIVIOUIEHUS POIMyCKaHUs, YTO TMO3BOJISET JIETKO CPaBHMUBATh €ro ¢ MOCIHEe-
HuM. Texuomorus MK-cnexrpockonuun HIIBO oGmanaet mpenmymiectBamu, 00y-
CIOBIHBAOIUME 3()(HEKTUBHOCTh HCIIONB30BaHHS CIOCO0A ISl MCCIICIOBAHUS
CBOMCTB OyMaru: 3T0 Hepa3pyLIAIOUUH METOX; OTCYTCTBYIOT TpeOOBaHUS K pa3-
Mepy U GopMe oOpasia; BO3MOKHO IMOTYyUCHHE CIIEKTPOB 00pa3IloB, COASPIKAIINX
Biary [11].

ABTOpPHI paboTsI [ 14] oniernnn BosMokHOCTH Pyphe UK-criekrpockommn ass
orpe/esieHHss OTHOCUTENIFHOTO COJIepKaHuUsI BOJIOKOH OCHHBI U Oepe3bl B JIMCTBEH-
HOW ITPOM3BOJICTBEHHOH TIEILTFONIO3E.

[Tpumenenune metona MK-cnexrpockonuu HIIBO B nensix n3ydeHus CTpyKTy-
pBI IOJMMEPOB B OCHOBHOM CBSI3aHO C OTPENEICHUEM OpPHEHTALMU MaKpOMOJIEKY
MIpH aHAJIM3€ MATEPHAJIOB C IUXPOU3MOM, ITOCKOIBKY METOJI TIO3BOJISIET BBISBUTH UH-
TEHCUBHOCTD TOINIOIIEHHUS Ul BCeX 3 MPOCTPAaHCTBEHHBIX KOOPAMHAT M JA€T WH-
(dbopmanmio 0 HanpaBJIeHUH PACIIONIOKEHUS MOJEKYI B TIOBEPXHOCTHOM cioe [11].
HTtorom m3MmepeHMi CIyXKUT KOJMYECTBEHHAs! OIEHKA CTENEHH KPUCTAIIIMYHOCTH
MOJTMMEPHBIX MATEPUAJIOB C aHU30TPOITHON CTPYKTYpPOH.

B nmuteparype onmcans! mpumeps! nenonib3oBanmst MK-criekrpockormmu HITBO
JUTSL OTIPEIeIICHUS] CTEeTICHH KPUCTAIUTMYHOCTH LIEJUTIONO3bI ITPH pa3InIHbIX 00padoT-
Kax marepuaia [25].

B pesynbrare TEXHOJOTMYECKUX BO3/ICHCTBUM Ha BOJIOKHA B Mpolleccax BbI-
JIJIEHUs] TEXHUUYECKON IEJITI0NIO3b] U3 PACTUTEIBHOIO ChIPbs U U3TOTOBJICHUS U3 HEe
Oymary m3MeHsIeTCs XUMHUIECKH COCTaB U COCTOSTHIE CTEHKH BOJIOKHA, 3TO TPOSIB-
JsieTcsl B TOM, YTO MHTEHCHBHOCTh U IMpHHA nosnoc nornomenus MK-cnekrpa, a
TaK)Ke UX TMOJIOKEHUE CTAHOBATCS OTIMYHBIMU OT UCXOAHBIX. AHanmm3 MK-criekrpos
MO3BOJISIET JJaTh KOJMUECTBEHHYIO OIICHKY MPOUCXOISIINX CIBUTOB.

Panee Obuio ycTaHoBieHO, 4yto aHanmm3 WK-cnexTpoB nemaeT BO3MOXKHBIM
YCTaHOBJIEHHE CTENEHHN aHM30TPOIMUHU 00pa3ia U CPeTHETO yIiia OPUEHTAIINN BOJIO-
KOH B LIEJITIONI030coAepskaiieM oopasue [24]. [Ipudem ans npoBeaeHus: n3MepeHui
JIOCTaTOYHO 00pasiia MaJlbIX pa3MepoB, YTO OTKPHIBAET MEPCIIEKTHBHI IS TIOCTpOe-
HUS KapThl paclipeieleHns TapaMeTpoB CTPYKTYpPhI B MaTepuae.

ComnocrapieHne JaHHBIX CIIEKTPOCKOITNH C PE3YIbTaTaMH TPATUIIMOHHBIX HE-
paspymaomux (ONTHYECKHX, YATPAa3ByKOBBIX) METOAOB M ONpEAeiCHIE B3anMOC-
Bs3CH MEXKAY pa3IMYHBIMH NapaMeTpaMH CTPYKTYphl 00eCIedrBaeT Mepexos K Tex-
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HOJIOTHH 3KCIIpecC-aHaIN3a CTPYKTYPBI U TTO3BOJISIET HAWTH ITyTH MPOTHO3UPOBAHUS
(U3UKO-MEXaHMYECKUX CBOMCTB LEJUTIOI03HO-0yMaKHBIX MaTepuajioB 0e3 mpoBee-
HUSL pa3pyLIaOIX UCIIBITAHUH.

Lenbio naHHOM paOOTHI SBISIETCS] CPABHUTEIIbHASI CTATUCTHYECKAsI OLIEHKA JIO-
KaJbHOW BapHalluK IapaMeTPOB CTPYKTYPBI U IPOUYHOCTH 00Pa3L0B MPOMBIIIJICHHON
OyMaru ¢ aHH30TPOIHUEH U HEOTHOPOIHOCTHIO CTPYKTYPHI.

Obvexmubl u Memoobl UCCAEO08AHU

OOBEKTOM HCCIIEIOBAaHUS CTajla YIAaKOBOUYHAsS BIIArompoduHas Oymara maccoi
60 r/m2. KoMmo3uiys o BOJIOKHY BKIIIOYAET XBOHHYIO M JUCTBEHHYIO TOBAPHYIO CYJIb-
(arHyrO OeNeHyo IeJUTION036! B cooTHOMEeHNH 1:1. B kommo3umnio 6ymaru BBeIeHBI
HAIOJHUTEIh U XUMHKATHI JJ1sl 00€CIICUeHUsI BIaronpoYHOCTH U THIPOPOOHOCTH.

ChHayana ObUIM ONpEAETICHBl Hepa3pylIalollie XapaKTePUCTHKH Ha LEJIIOM
oOpa3ne Oymaru [13]: ’KECTKOCTh MPHU PACTSIKEHUH YIBTPA3BYKOBBIM METOIOM H
aHM30Tponus CTpyKTypsl Ha npudope L&W TSO Tester [3]; Tonmmuuba Oymaru Ha
npudope L&W Micrometer mo [OCT 27015—-86; HEOmHOPOAHOCTH (POpMOBAHUS Ha
ananusarope gpopmoBanusi PTA-Line Formation Tester [1]; HEOMHOPOAHOCTh CTPYK-
Typbl 1o OCT 13-299-87. Homenknarypa noka3aresiei 1 NpUMEHSIEMbIE aJITOPUTMBI
ommcaHsl B pabotax [5, 12], ucrmoms3oBano nporpaMMmuoe obecrederue [17].

i XapaKTepUCTHKH TOJICH JIOKallbHOH HEOTHOPOIHOCTH CTPYKTYPBI H
cBoHcTB oOpazery Oymaru 120x120 MM ObLT pazMedeH Ha 64 kBampara 15%x15 mm

(puc. 1).

17 18 19 20 21 22 23} 24

25 26 27 28 29 30 31 32

33 34 35 36 37 38 39 40

41 42 43 44 45 46 47 48
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Puc. 1. UccrnenoBannslif o0pasern Oymaru, pa3MeueHHBII Ha KBaAPaThl

Fig. 1. The examined paper sample, marked up into squares

Ha xa)x1oM KBaJpare BBIIIOIHEHBI H3MEPEHHUS:

a) HEOAHOPOIHOCTH CTPYKTYpPBI — CPEIHEKBAPAaTHUECKOE OTKJIOHEHUE SIPKO-
CTH IHMKCEJIEeH MPOXOASIIETO CBETa OT CPEIHEr0 3HAYCHUS; TOIIIUHBI (MKM); JIOKaJIb-
Hoit anuzoTponuu MetonoMm MK-cnekrpockonuu HIIBO — crenens anuzorponuu u
CpEIHUI yTOJl OpPUEHTALUY BOJIOKOH Ha y4dacTke [24].

0) neopMaTUBHOCTH W TIPOYHOCTH TMPH PACTHKEHUH, U3MEPEHHBIX TPHU T10-
Moty paspsiBHOH MammHbl UTC-105, ans nonocok mupuHoit 15 MM, BeIpe3aHHBIX
B MAIIMHHOM HallpaBJICHUH, C PACIIOIIOKEHUEM 3aKHMOB B IIpeNieax pa3sMeueHHBIX
KBaJ[paToB, IPU PacCTOSTHUH MEXIy 3akuMamu 10 MM, ckopocThb — 10 MM/MuH.

s perucTpanuu auarpaMM «HarpyskKa—yIJIMHEHHE» M pacuera Jedopma-
TUBHOCTH W MPOYHOCTH HCIOJIB30BAHO MporpamMMHoe obecredenne [16]. B xapax-
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TEPHBIX TOYKaX KPHUBOH JIe(hOPMHUPOBAHHS OIPEACIICHBI TIPE/IEN YIPYTrOCTH, MaKCH-
MaJIbHBIE KECTKOCTh (MaKCUMAaJIbHBIM Yroll HaKJIoOHa KacaTelbHOl) u Harpy3ka (H),
Hanpspxeane (Mlla), ymmmaenne (mm), nedopmarust (%), moxyns ynpyroctu (MIla),
pabora Harpyxenus (Mx).

[TapameTpsl JIOKaJbHOM aHU30TPONUU yCTaHOBIEHBI MeTogoM MK-cnekrpo-
cxortmu HITBO. UK-cniektpsl 006pa3o caumanu Ha Dypre-crekTpoMerpe Vertex
70 (Bruker, I'epmanus), npucraBka HIIBO GladiATR (Pike Tech., CIIIA), marepuan
kpuctaia HIIBO — nckyccTBeHHBIH anMas. YCIOBHS aHallM3a: cTporasi Mmojispu3a-
uusa UK-u3nydenus:, quana3on 3amucu crektpoB — 4000...400 cm !, pa3peleHue —
4 cM'!, KOMMYECTBO MapaJIebHBIX CKaHUpOBaHUi oOpasia — 128. J{ns o6paboTku
CIIEKTPOB UCIOIB30BAJIM COOCTBEHHOE MPOrpaMMHOe obecrieueHue [ 18], mo3Bossito-
iee aHAJIM3UPOBaTh Pa3HUILY B CIIEKTPAaX W CTPOUTH 3aBUCUMOCTH OTHOIICHHS WH-
TEHCHBHOCTH TOTVIOIICHUS MOJIOC PA3IMYHBIX (YHKIIMOHAIBHBIX IPYIIT OT YCIOBUH
MPOBEJCHNUS aHAJIH3A.

Hcronp30Ban panee yCTaHOBICHHBIA (akT [15], 4To mpu mocienoBaTeTbHOM
MOBOPOTE 00pa3iia OTHOCUTEIBHO ONTHYECKOM OCH CIIEKTpOMETpa Ha yroi a0 360°
B CIIEKTpax HAOIIOMAIOTCS W3MEHEHHsI, UMEIOIIHe MePUOINIecKuil xapakrep. Hau-
OoIblIasi YyBCTBUTEIBHOCTh K YINIy IOBOPOTa 0Opa3la CBOWCTBEHHA MOJIOCE MPU
BOJHOBOM uuciie 933 cm! — nedopmanonnsie konedanuss C—O CBsI3M MUPAHO3HOTO
KOJIbIIa, a HauMeHbIas — 489 cM !, 3TO BHEIUTOCKOCTHBIC Je(hOpMAaIIMOHHBIE KOJIe-
0aHusl THAPOKCUIBHBIX rpymnil [2]. OTHOIIEHHE AaHHBIX ONTHYECKUX IIOTHOCTEH
Dy:3/D oo TPUHSTO 7151 KOJIMUECTBEHHON XapaKTEPUCTUKH HAOII0AAEMBbIX U3MEHEHUH.

W3menenns otHomeHus Dy,,/D,q, ONUCHIBAIOTCS TAPMOHUKAMH BH/IA

Y=A4sin(Bx + ¢) + C,
rae A — ammuatyna; B — dgactora, B = 2; C — cMenienue 1o Y; ¢ — asza.
Arnmpokcumaryisi oJyYeHHbBIX 3aBUCUMOCTEH rapMOHUKaMU ObLIa MPOBE/ICHA
B MS Excel ¢ ucrons3oBanuem nakera ontummsanun «[lonck pemenus». Onpene-
sieHre KodpuireHToB A, C, ¢ OCYLIECTBISIIOCH 110 KPUTEPUIO MUHMMYyMa KBajpa-
TOB OTKJIOHCHUH 3KCIMEPUMEHTAJIbHBIX U pacuyeTHhIX 3HaueHuil. [lapamerp A4 wuc-

MOJIB30BAH ISl KOJIMYECTBEHHOM OIIEHKHU CTETICHN aHM30TPONHMH 00pasa, a mapameTp
¢ — yria mpenMylIecCTBEHHOH OpUEHTAINK BOJIOKOH B oOpasie [15, 24].

Pezynomamot uccnedosanust u ux oocyzncoenue

[IpenBapuTenbHO MO CTAHAAPTHBIM U OOIIENPHUHSATHIM METOIUKAM Hepaspy-
IIAFOIIMMU METOAaMHU OBLITH BBISIBIICHBI HHTETPAIIbHbIC (PH3UKO-MEXaHUYECKUE CBOM-
CTBa MCCIICIOBAHHOTO 00pasia Oymaru:

| 0 5 (e Yos SRR 0,983 r/em3
TOTIIIIAHA JIFICTA ...vvveeeeeiiiieeeeeeeieeeeeeeettaee e e eeeaveeeeeeeetaaeeeeeeaaseeeeeasaasseaeessensaaseeeeeesrseeeens 60 MM
BUIATOIIPOUHOCTD ...ttt ettt ettt et et sbe e s e eane 10,5 %
VTHIICKC (DOPMOBAHIEIST .......eevvevienvieeeeteenteeseeseesseensesssensesseenseesseseessenseessesseensesssensesssessesseensens 77,3

Bknan B nnnekc opmoBaHus (IIOKyI, pazMepoM
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CPCIHUI PABMED PIIOKYI...vvievverriereereereesreessesteesesseesseesseseessesseessesseessesseessesseessesseessesses 5,1 MM
HeomropomHocts ctpyktypst mo OCT 13-299-87

HEOIHOPOITHOCTD ...ttt ettt ettt ettt ettt ettt een
VIHJICKC TIPOCBETA . c....cuveuteiiteneetenteteeeteeeseteseates e ses e ses e esese et et eas et e s es s es e seneasen e e s eneeseneenenes
Cpennuii pazmep GIokys
YKectrocTs mpu pacTsokeHuH (yasrpasBykoBoit Meton L&W TSO Tester)
1S1,,/TSI,,
TSO

angle

W3 npuBe/IeHHBIX YUCIOBBIX 3HAYCHUI BUHO, YTO OyMara JIOCTaTO4YHO TOH-
Kasl, C OTHOCUTEIHHO BBICOKOH IJIOTHOCTHIO, 00YCIIOBIIEHHONH WHTEHCUBHBIM Pa3MO-
JoM mony(haOpUKaToB W BBEICHHEM B KOMITO3UIMIO HamoyHuTeneld. CTerneHb aHu-
30TPOITHH 00pasma Mo KECTKOCTH MPH PACTHKEHUU cocTaBmia 2,43, 4TO SBIAETCS
TUIMYHBIM JUIs1 OyMaru IpOMBILIICHHOTO IPOU3BOACTBA, a yron TSO oxazancs Onu-
30K K HYJIO.

JlanHast Oymara uMeeT HEOJHOPOIHYIO CTPYKTYPY, BU3yallbHO OTPEACIISIEMYIO
Ha TPOCBET, BUAHBI KPYyIHbIe U Melkue (Grokynbl 1 npomouHbl. KonnuectBeHHas
OIIeHKa KadecTBa ()OPMOBAHHUS TOKa3asia, 4TO WHAEKC (DOPMOBAHHSA MO METOIHKE
PTA-Line Formation Tester npuMepHO COOTBETCTBYET 3HAYCHUSIM sl OPUCHOM OY-
Maru, KOTOpoe MOXKET COCTaBISITh OT 65 mo 120 [1]. B cTpykType BBISIBICHBI HEOM-
HOPOIHOCTH Pa3HbIX pa3MepoB, oT 1 10 16 MM. DT HEOTHOPOAHOCTH NMPEACTABIISIIOT
€000 MUKPOQIIOKYIBI, TeOMeTpruiecKas hopMa KOTOPBIX JIOCTATOYHO pa3HOoOOpa3Ha
Y 4acTO HECUMMETPHUYHA, & CPETHUM pa3Mep OIpeleNieH Kak 5,1 MM u pa3nuyaercs
B Harnpariienuu MD/CD 4,6/5,5 mm. Heoproponuocts npocseta 1o OCT 13-299-87
Obla OombImie, YeM mia OPUCHBIX BHIOB Oymaru — 16,5...19,6, a uHIEKC MpoCBe-
Ta, BBIYMCISIEMBI KaK OTHOLIEHHE BBICOTHI TMCTOIPAMMBl paclpeeNieHus! IPKOCTH
MTUKCENeH K €€ MUPUHE, COBIAJ C JUAMa30HOM I O(UCHBIX B TUTIOTPAa()CKUX BUIOB
oymarm — 1,6...2,3 [1].

CoOTBETCTBEHHO, HEPABHOMEPHOCTb M aHU3OTPOINHS CTPYKTYphl JaHHOTO
oOpa3ia Oymaru JOKHBI BBI3BIBATh BApPHUAIIUIO CTPYKTYPHBIX, A€(POPMAIMOHHBIX H
MPOYHOCTHBIX CBOMCTB Ha JIOKAJIbHBIX Y4aCTKaXx.

s monmydeHHs KONMUYECTBEHHON XapaKTEPUCTUKH IOJEH JIOKAJbHOW aHM-
30TPONHH CTPYKTYPHI U 1e(DOPMAITMOHHBIX CBOWCTB OyMaru, pOBE/ICHbI U3MEPEHHS
Ha Ka)XJIOM JIOKaJIbHOM y4acTke o0pa3na. OHM BBITIOJIHEHBI B OTHHUX U TEX )K€ TOUKAX,
CHayaJa — Hepa3pylIarIiMy METOJaMH (TOJIIIHA, HEOIHOPOTHOCTh IIPOCBETA, TIa-
paMeTpsbl IOKaJbHOHM aHu3oTponuu MetogoM MK-cnekrpockonun), a 3aremM odpasel
T0 JIMHUSAM pa3MeTKH ObLT pa3pe3aH Ha TOJIOCKH U TPOBEACHBI HCITBITAHUS Ha PacTs-
JKEHHE.

[TpumMeps! oTy4yaeMbIX JuarpaMM «HarpsbkeHue—aeopMalns» mpeicTaBie-
HBI Ha pUC. 2. 13 MaHHPBIX clenyeT, 4TO MEXaHUYeCKOe MOBEACHNE MTPH PACTIKEHUH
y CTPYKTYpBl OyMaru pazinyaercsi B COCEIHHX OONACTAX, HAOMIONAIOTCS OTIMYHS
B XOJle KPUBBIX Ha HAYaJIbHOM YYacTKe, XapaKTepH3YIOIIeM *KEeCTKOCTh, M B 30HE
MpeApa3pyLeHHUs, a TAKKE B MAKCUMaJIbHBIX IPOYHOCTH U pacTshkuMocTu. Cienosa-
TEJIBHO, /I 00Pa3I0B CBOWCTBEHHBI pa3HbIe IPOYHOCTD M KECTKOCTH Ha JIOKAIBHBIX
y4acTKax, 4TO CBA3aHO C HEOJHOPOTHOCTHIO CTPYKTYPHI M PA3INYHSIMHE B JIOKATHHOMN
AHM30TPONHHU OyMmary.
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Puc. 2. Jlnarpammel «HampspkeHHe—1eGpopMaIysy, MOTy4eHHbIE TIPH HCIBITAHUH
(parMeHTOB 00pa3iia Ha pacTsKeHHe: a — kBanapat 4 (cMm. puc. 1); 6 — 14;6—27;2— 39
(E, — Mozmynb ynpyrocty; £, — MOIyJIb YIPYTOCTH B 00JIaCTH Npepa3pyIICHNs )
Fig. 2. The stress-strain diagrams obtained during tensile testing of sample fragments:
a —square 4 (see fig. 1); 6 — 14; 6 —27; 2 — 39 (E,— modulus of elasticity;
E,—modulus of elasticity in the pre-fracture area)

Jlist olleHKH Bapualy BCeX M3MEPEHHBIX MapaMeTPOB MPOBE/ICHA CTATUCTH-
Yeckasi 00paboTKa 3TUX JaHHBIX. ONpe/e/IeHbl XapaKTEPUCTUKH OIMUCATEIILHON CTa-
THCTHMKH: CPEJJHEE 3HAYCHHUE X , MUHUMAIBHOE X s CDEITHE-
KBaJ[paTH4eCcKoe OTKJIOHEHUE Gy, K03 GHUINEHT Bapuauy v, %, pa3mMax BapbUpOBa-
Hus R (cM. Tabnuy).

M MakcuMaiabHoe X

min

CraTucTHYecKasi XapaKTEPUCTHKA Pe3yJIbTaTOB H3MEPEHHUil CBOICTB Oymarn
HA JIOKAJIBHBIX Y4aCcTKaxX
The statistical characteristics of the results of measurements of paper properties
in local areas

XapakTepucTrka X Xoin Xinax Oy R v, %
TonmuHa oOpasma, MKM 61 55 66 1,9 | 11,0 3,1
HeomnoponHocTh pocBeTa 8,62 | 6,80 | 11,70 | 1,03 | 4,9 11,9
[MapameTtp A 0,034 | 0,016 | 0,060 | 0,013 (0,044 | 37,8
[Tapamerp @ 0,26 | 28,1 | 41,4 | 19,0 | 69,6 -
MakcumanbHas Harpyska, H 78,4 | 50,7 | 119,2 | 10,46 | 68,5 | 13,1
VY anunenue 10 MakcumanbHoi Harpy3ku, MM | 0,48 | 0,34 | 0,96 | 0,08 | 0,62 | 16,0
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Oxonuanue maobauyvl

XapaKkTepucTuka X Xwin X nax Oy R v, %
MakcumansHoe Hamnpsbkenue, MIla 85,6 | 53,7 | 124,2 | 11,62 | 70,5 | 13,6
Pabora pazpymenns, mJx 22,7 | 1,7 55,9 6,6 | 48,2 | 29,0
Monyns ynpyroctu, MIla 3560 | 2560 | 4320 | 334 | 1760 | 94
XKecrrocTh pu pactspkeHun, KH/m 217 | 153 268 | 19,0 | 115 8,8
Harpyska B Touke npezaena ynpyroctu, H 37,9 | 25,14 | 54,2 | 5,19 | 29,1 | 13,7
IIpenen ynpyroctu, MIla 41,5 | 26,6 | 61,3 | 597 | 34,7 | 144
[Ipenen ynpyroii nedopmanuu, % 1,64 | 0,50 | 2,55 | 0,23 | 2,05 | 13,8
Pabora ynpyroctu, mJx 2,50 | 0,70 | 494 | 0,61 | 424 | 24,5
Mojyxs ynpyroctu B o6nactn 750 | 170 | 1730 | 308 | 1550 | 41,3
npenpaspywenus, MIla

JlaHHBIE TIOKa3bIBAIOT BapHUAILIMI0 U3MEPEHHBIX XapaKTEPUCTUK, 00YCIOBJICH-
HBIX HEOAHOPOIHOCTHIO CTPYKTYpPHI 00pa3iia Ha JIOKAIBHBIX y4acTKaxX. MaKkcuMaib-
HbIC 1 MUHUMAJIbHBIC 3HAYCHUS ITAPAMETPOB CYNIECTBEHHO OTKJIOHSIIOTCS OT CPE/l-
HEro ¥ 00ecreunBaroT OOJNBIION pa3Max BapbupoBaHHs. [lockoiibKy abCoIIOTHBIC
YHCIICHHBIE [TOKA3aTeN! MapaMeTPOB PE3KO OTIMYAIOTCS JIPYT OT JIpyra, CpaBHEHHE
CTEMEHN MX KOoJIeOaHUI BO3ZMOXKHO BBIMIOJIHUTH C MCIOJIB30BAaHHEM KOA(pPHUIIMEHTA
Bapuanmy. Haumenpsmmii ko3 dunuent sapuanuu umeet toiamuna — 3,1 %. Ho npu
3TOM HAJI0 YYUTHIBATH, YTO TIPU €€ ONPE/ICICHUH Ha JOKAIBHOM YYacTKe TUIOIIA/Ib
M3MEPUTEIHHOM TOJIOBKY TOIIMHOMEPA COOTBETCTBYET pa3MepaM MPOMOUH B CTPYK-
Type OyMaru Wid MPeBHIIIAeT UX U U3MEPEHHS MPOUCXOIAT 10 30HAM H3y4aeMOoro
MPOCTPAHCTBA, TONIIMHA KOTOPBIX MAaKCUMAJbHA.

Bapuanwust HeOTHOPOAHOCTH MPOCBETA HA OTAETHHBIX Y4acTKax Oymaru O0Ib-
me 11 %. IIpu aToM Bapmamus ajist Bcero o0pasiia mouTy B 2 pas3a MpeBHIIIaeT MoKa-
3aTelb IS JIOKAJIbHBIX YYacTKOB. DTO CBUAETEILCTBYET O HEOMHOPOIHOCTH OT/EIb-
HBIX Y4aCTKOB OyMmarwu.

Kosdduument Bapuamum OCTalbHBIX XapaKTEPUCTHK B HECKOJIBKO pa3
MPEBOCXOTUT KOX(DPUIIMECHT BapHallMW TOJIIUHBI 00pa3la W Il MeXaHHWde-
CKHX CBOHCTB 3aBUCHT OT oOiacTu 1eopMUpOBaHUs, B KOTOPOW OHU U3MEPEHBI.
B ympyroii 06macté MOLyIb YIPYTOCTH U KECTKOCTh MIPH PACTSIKEHUH UMEIOT KO-
apdunmrent papuanuu menee 10 %. Harpyska u HanmpsokeHHE XapaKTepH3YIOTCS
nokasarenem 13,1...14,4 %. YanuHeHnue a0 pa3pbiBa, Ipeen ynpyroi nedopma-
muu — 13,8...16,0 %. B 2 paza 0onbmas Bapuanus oTMeueHa Juist paboThl paspy-
LICHUsI, OLIEHUBAIOIICH OJJHOBPEMEHHO M ITPOYHOCTbD, U PACTSHKUMOCTH MaTepuala.
st Moy st ynpyrocTH B 00JIacTH MpeapaspyiieHns ko GUIneHT Bapruanun co-
craBun 6oxee 41 %.

OOHapyeHa OYeHb BBICOKAs BapHallUsl y TapaMeTPOB CTPYKTYPBI, U3MEpPEH-
HBIX ¢ npuMeHenneM MK-cmekrpockormmu HITBO. Y mapamerpa 4 xoaddummeHt
Bapuauuu paseH 37,8 %, a pazMax BapbHpPOBaHUS MapaMeTpa (@ COCTABISIET MOYTH
70°, 9TO CBUICTEIHCTBYET O PA3NIUMYHBIX CTEIIEHHU YIOPSIOYCHHOCTH U OPUEHTAIINN
BOJIOKOH B (pJIOKyJ1ax.

['ucrorpammsl pactipeqesIeHus: U COOTBETCTBYIOLINE UM KPUBbIE HOPMAJILHOTO
pacrpe/ieNieHrst UCCIeIOBaHHBIX MapaMeTpoB MpeAcTaBlIeHbl Ha puc. 3. [Mcrorpam-
MBI [TO3BOJISIIOT BU3YAIbHO OLICHUTH paclpe/ielieHHe JaHHBIX U BBISIBUTH COOTHOILIE-
HUe OOJBININX U MaJbIX PE3yJIbTaTOB U3MepeHui. il OCHOBHON 4acTH XapaKTepH-
CTHK pacripefiefieHie OIM3K0 K HOPMAJIbHOMY, YTO HOATBEPKAACTCS CaMOM 4acTon
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BCTPEUAEMOCTBIO PE3YJIBTaTOB, ONM3KUX K cpeHuM. OHAKO IS psijia mapaMeTpoB
HaOM01aeTCs OTKIIOHEHHE TMCTOrpaMM OT CUMMeTpUYHOCTH. Hampumep, ams Heon-
HOPOIHOCTH TIPOCBeTa (pUC. 3, @) TUCTOTpaMMa SIBHO HECUMMETPUYHA U CMETIeHa B
o0sacTh MabIx 3Ha4eHui. To eCTh y4acTKOB ¢ OoJiee CHIIBHO BBIPQXKEHHOH HEOIHO-
POMHOCTBIO TIPOCBETA MEHBIIIE, YEM OJJHOPOTHBIX.

l'ucrorpamma pacnpeaenceHus: TOMIUHBI (pHC. 3, 6) OIHM3Ka K CHMMETPHYHOM,
HO KpallHUX MUHUMAaJIbHBIX 3HaUCHUH MEHbIIE, YeM MAaKCUMaJIbHbIX, YTO CBS3aHO C
0COOCHHOCTSIMH TIPOBEJICHUST I3MEPCHUH.
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Puc. 3. TucrorpaMmbl pacnpeiesieH s JIOKaIbHO U3MEPEHHBIX XapaKTePUCTHK OyMaru:
a — HEOTHOPOJTHOCTh TIPOCBETA; O — TOJIINHA; 8 — MapaMeTp A; 2 — MOIYJb YIPYrOCTH;
0 — MaKCUMaJIbHOE HAIPSHKEHHE; ¢ — YIJIMHEHUE IO MAKCUMAJIbHON HATPY3KH

Fig. 3. The histograms of the distribution of locally measured paper characteristics:
a — lookthrough heterogeneity; 6 — thickness; ¢ — parameter 4; ¢ — modulus of elasticity;
0 — maximum stress; e — extension to maximum load

CHeKkTpoCKONMYeCcKH HU3MEPEeHHBIH mapamerp A4 HMeeT Ha THCTOrpaMMe
MaKCHUMYM B 00JIaCTH MaJIbIX 3Ha4eHUil (puc. 3, g), T. €. Y4aCTKOB C IOHMKCHHON
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aHM30TpoIMel OoJbIIe, YeM C BBICOKOH, a MOCKOJIBKY CpeJHUE pa3Mepbl (IIOKyI
MpEeBBIIAIOT MIomans u3mMepenus: Mmeronom WK-cnekrpockonuu HIIBO, To mMox-
HO OTMETHTH Pa3HHUILy B CTENEHH OPHUEHTAIIMH BOJIOKOH B IIEHTpe (PIOKYT M Ha WX
rpaHMLaX — BBIIIE U HHXKE COOTBETCTBEHHO. M3 3TOrO ciiemyet, 4To cpeHsisi aHu-
30TpOMNHsI, KOTOpasi U3MEPeHa YIBTPa3BYKOBBIM METOJIOM Ha OObIION uromamu [3],
OyZeT B MPEBOCXOASIIEH CTENEHH ONpeAeAThCS JOKAIbHBIMU Y4acTKaMU C Majlon
AQHM30TpOMNueH, a (parMeHThI C BHICOKOH aHM30TPONHUEH BCTpEUArOTCs pexe, U OHU
00yCIIOBJICHBI CTPYKTYPOH OTACIBHBIX (PIIOKYIT.

MakcuMyM TUCTOTPaMMBbl pacrpeiesieH|st MOAy sl ynpyrocTa (puc. 3, 2) cMe-
IIeH B 001acTh OoJiee BEICOKUX 3HaYeHNH. Ha ATOT rmokaszaresh CHITBHO BIHSIFOT CHITBI
MEKBOJIOKOHHBIX CBSI3€H, M Ha HAYAJIbHOM Y4aCTKe KPUBOH J1e(hOpMHUPOBAHHS MIPOY-
HBIE CBSI3M MTPE00IIaatoT.

[IpouHOCTHBIC CBOICTBA, H3MEPECHHBIC B TOUKE pa3pyIICHHs 00pa3ia — Mak-
CHUMaJibHOE HampspkeHue (puc. 3, 0) M YUIMHEHHE 10 MAaKCUMallbHOH Harpy3ku
(puc. 3, e), — AEMOHCTPUPYIOT MPAKTUIECKH CHMMETPUIHBIE THCTOTPAMMBI TIPH J10-
CTaTOYHO HIMPOKOM JHAra30He BapbUPOBAHUS CBOMCTB.

J11s BU3yabHOTO MIPECTaBICHHS TIOJIeH JIOKAITBHON aHU30TPOITUH CTPYKTYPBI
1 1e(pOpMaIMOHHBIX CBOWCTB OyMaru OBIJIM MOCTPOEHBI TOBEPXHOCTH (puc. 4).
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Puc. 4. HOBCpXHOCTI/I HU3MCHCHUS JIOKAJIbHO YUYTCHHBIX XapPaKTECPUCTUK 6yMaFI/IZ
a — HCOAHOPOAHOCTD IIPOCBETA, = TOJIIWHA; 6 — MOAYJIb YIIPYTOCTH;
2 — MaKCUMaJIbHOC HAIIPSI’)KEHUEC

Fig. 4. The surfaces of change of locally recorded characteristics:
a — lookthrough heterogeneity; 6 — thickness; 6 — modulus of elasticity; ¢ — maximum stress
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Ipooonsicenue puc. 4
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Puc. 4. [loBepXHOCTH U3MEHEHUS JIOKAJIBHO YYTCHHBIX XapaKTepUCTUK Oymaru:
0 — yIJIMHEHHE JI0 MAKCUMAJIbHOU HArpy3KH; e — paboTa pas3pymieHus
Fig.4. The surfaces of change of locally recorded characteristics:

0 — extension to maximum load; e — fracture work

bosee TeMHBIN LBET COOTBETCTBYET IPEBOCXOMASIINAM 3HAYEHUSAM. Y Pa3HBIX
CBOMCTB MeCTa PachojOKeHHs MAKCUMYMOB U MHHUMYMOB OTJIMYAIOTCS, W CIIOXK-
HO BBLICIMTBH yYacTOK OyMaru ¢ HawIy4IlUM WJIM HauXy[dUUM KadecTBoM. OnHa-
KO HaOJIIOAAeTCsl HEKOTOPOE COOTBETCTBHE MOJIEH Ui MAKCUMAIBHOTO HANPSKEHUS
(puc. 4, 2), yIUIMHEHHSI 10 MaKCHUMaJIbHON Harpy3ku (puc. 4, 0) U paboTsI pas3pyIire-
Hus (puc. 4, e). DTo CBA3aHO C TeM, YTO, MHTETPAIbHBINA MTOKa3aTelb paboThI pa3py-
HIEHHS 3aBHCUT OJHOBPEMEHHO U OT IIPOYHOCTH, U OT PacTSXKUMOCTH MaTepHara.

Baxnouenue

YeraHoBIeHO, UTO HaJMuue (QIIOKYI U IPOMOMH B 00pa3le YyIIakoBOYHOH Biia-
TOTPOYHOM Oymaru, BU3yalbHO BBIpaKarolleecsi B HEOIHOPOAHOCTH TIPOCBETA, BHO-
CUT pElIAIOIINI BKJIaJ] B HAJMUYHUE JIOKATbHON HEOTHOPOIAHOCTH aHU30TPOIINH U Ba-
puanuio 1eopMaMOHHBIX U TPOYHOCTHBIX XapaKTEPUCTHK OyMaru.

AHanu3 SKCNEPUMEHTAIBHBIX JJAHHBIX MO3BOJIMII MOJYYUTh HAITISIHOE TIPEI-
CTaBJICHHE O PACIPEeJICHNH JIOKAJIbHbIX MOKa3aTeNe CTPYKTYpbl, a Takxke nedop-
MAaIMOHHBIX U IPOYHOCTHBIX CBOICTB.

OOHapy>KeHa BBICOKAs BapuallHs y MapaMeTpoB CTPYKTYPbI, H3MEPEHHBIX C
npuMeHeHneM MK-crnekTpockonuyu HapyIIEeHHOTO IMOJIHOTO BHYTPEHHErO OTpaKe-
HUS, U TIpeodiaJaHue y4acTKOB C IOHMKCHHOW aHM30TPOIMEH MO CpPaBHEHHIO C
y4acTKaMH C BBICOKOWM aHU30TPOIIHEH.

N3MeHYMBOCTh MEXaHUYECKHX XAPAKTEPUCTHK YBEINYUBAETCS MIPH MEPEXOIEe
OT yNpyTroi 30HBI K 30HE pa3pyllIeHus] 1 MaKCHMaJbHa /I apaMeTpoB, HHTErpajb-
HO OTMCHIBAIONINX /e(hOpPMaIMOHHBIE ¥ TIPOYHOCTHBIE CBOWCTBA, TAKMX Kak padoTa
pa3pyLIeHHUS.
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Abstract. In this article, the authors have carried out a study of the synthesis of carbon sor-
bents from sludge-lignin by thermochemical activation and determination of their adsorption
properties. Sludge-lignin is a large-tonnage waste generated during coagulation treatment of
wastewater from pulp and paper mills. The promising development of technological solu-
tions for waste disposal is complicated by the complex chemical composition of the sludge
and the lack of practical demand for potential products that can be obtained as a result of
its processing. One of the possible areas of use of by-products of processing is the synthe-
sis of activated sorbents for wastewater treatment from heavy metals and radionuclides. To
study the effect of independent parameters on the adsorption properties of activated car-
bons, an experiment has been conducted using a second-order rotatable central compos-
ite design. Based on experimental data, regression equations for the adsorption activity of
iodine and methylene blue have been derived. The porous structure of the coal surface has
been analysed using the ASAP 2020 MR automated system. The pore volumes of the acti-
vated sorbents from sludge-lingin have been determined using the Brunauer-Emmett-Teller
and Barrett-Joyner-Halenda methods. During the experiment, optimal pyrolisis conditions
have been identified: pyrolysis temperature 700 °C, pyrolysis duration 60 min and the ac-
tivating agent dosage 180 %. This mode is economically advantageous for the formation
of high-performance carbon sorbents due to the low consumption of alkali compared to
other types of lignin. The authors have studied sorbents obtained under optimal conditions.
The sorption properties have been analyzed by the spectrometric method with respect to var-
ious radionuclides (cesium, cobalt, strontium, etc.). Energy spectra have been constructed us-
ing the SpectraLine GP (Gamma Precision) software package, and the initial and final activity
of radionuclides has been calculated. It has been determined that carbon sorbents obtained
from sludge-lingin by thermochemical activation can be used for the selective extraction of
certain radionuclides with an efficiency of up to 94 %.
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Annomayus. ViccnenoBaH CHHTE3 YITIEPOAHBIX COPOSHTOB U3 IIJIaM-TUTHUHA METOJIOM Tep-
MOXMMHYECKOH aKTHUBAllUM U ONpEAEIeHbl UX aacopOIMoHHbIe cBoicTBa. Illnam-muraun —
9TO KPYMHOTOHHA@XXHBIH OTXOJ, O0pa3yIOMIMHCS NpPH KOATyISLUUOHHOM OYMCTKE CTOYHBIX
BOJI 1I€JUTIOJIO3HO-OyMaKHBIX KOMOMHATOB. [IpoGieMoli mpy yTHIIM3AMK OTXOAA SIBIISETCS
CIIO’KHBI XMMHMYECKHI COCTaB 0CajKka U OTCYTCTBHE CIIPOCA Ha MOTEHIMAIbHbIE MPOTYK-
ThI, KOTOPBIE MOTYT OBITh TOJIy4EHBI B pe3yJbTare ero nepepaboTku. B 4ucio BOZMOXKHBIX
HAaIpaBJICHUH UCIIOJIb30BaHUS TTOOOYHBIX MPOIYKTOB MEpepabOTKU BXOIUT CHHTE3 aKTHBH-
POBaHHBIX COPOEHTOB JUISI OYMCTKU CTOYHBIX BOJ OT TSDKEIIBIX METAJUIOB M PaIMOHYKIHIOB.
Jlyist u3ydeHus BIMSHHS HE3aBHCUMBIX NapaMeTPOB Ha aJICOPOLIMOHHBIE CBOMCTBA aKTHBHU-
POBaHHBIX yrjied ObLI IPOBE/IEH HKCIIEPUMEHT C MPUMEHEHHEM pOTaTadesIbHOTo EHTPaIb-
HOTO KOMITO3UIIMOHHOTO IJIaHa 2-To nopsaaka. Ha ocHOBaHUY HKCIEPUMEHTAIBHBIX JAHHBIX
BBIBEJICHBI YPaBHEHUS PErpeccHy JUIsl aJCOPOIMOHHON aKTUBHOCTH HOJA U METHUIEHOBOTO
cunero. ITopucras cTpyKkTypa MOBEpXHOCTH yINIeH aHAJIN3MPOBANACh C MOMOIIBIO ABTOMa-
tuzupoBaHHoi cuctemMbl ASAP 2020 MR. Ilo meronukam bpynayspa—2Ommera—Temnepa u
Bappera—]lxoiiHepa—XaneH bl ONMpPEesuid 00bEMbI MOP AKTUBHPOBAHHBIX COPOCHTOB W3
IIaM-JIMTHUHA. B Xozie SKCriepuMeHTa BhISIBICHBI ONTUMAJIbHBIE YCIIOBUS PeKUMa IMUPOIIH-
3a: Temneparypa — 700 °C, mpoaomKuTenbHOCTh — 60 MUH M JI03UPOBKAa aKTUBUPYIOILIETO
arenra — 180 %. /laHHBII peXKUM SIBISIETCS SKOHOMHYECKH BBITOJAHBIM JIJIsl (DOPMUPOBAHUS
BBICOKOA((EKTUBHBIX YIIIEPOJHBIX COPOSHTOB MO NPHUYMHE HE O4YEHb BHICOKOI'O pacxoja Iie-
JIOYH T10 CPaBHEHHMIO C JIPyTUMH BHJAaMH JUIHUHOB. MccienoBanbl COPOCHTBI, MOIY4YEeHHbIE
IIPU ONTUMAJIBHBIX yCIOBUsIX. CIEKTPOMETPUYECKUM METOIOM IIPOBEEH aHAJIN3 COPOLIMOH-
HBIX CBOMCTB 10 OTHOILIEHHUIO K Pa3IMYHBIM PaJMOHYKIHIaM (Le3Uid, KOOAJIbT, CTPOHIMH U
T. ). C momMoIikko mporpaMmmuoro komiuiekca Spectraline GP (Gamma Precision) moctpoe-
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HBI SHEPTETHYCCKHUE CICKTPBI, 3aTEM PACCUMTAHbl HAYaJIbHAS M KOHEYHAs AKTUBHOCTH PaH-
OoHYKJIHI0B. OTpPeeIeHO, YTO YIIICPOIHbIC COPOCHTHI, MOMYUYCHHBIC U3 IIJIAM-TUTHHHA M-
TOJIOM TEPMOXUMHUYCCKON aKTUBAIMH, BO3MOYKHO IPUMCHSITB JJIS1 CEJICKTUBHOTO U3BJICUCHUS
HEKOTOPBIX PAIMOHYKIHIOB ¢ 3PPEKTUBHOCTHIO 110 94 %.

Knrouesvie cnoga: ancopOLUOHHBIC CBOWCTBA, AKTUBUPOBAHHBIC YIJIM, CHUHTE3, ILIaM-
JIMTHUH, paAUOHYKIUIbL

/lna yumuposanusa: Loginova (Kokina) E.S., Boykova T.E., Bogdanovich N.I., Vorontsov K.B.
Purification of Liquid Radioactive Waste with Activated Carbon from Sludge-Lignin // W13B.
By30B. JlecH. xxypH. 2025. Ne 3. C. 184—-194. https://doi.org/10.37482/0536-1036-2025-3-184-194

Introduction

Sludge-lignin is a large-tonnage waste generated the process of coagulation
treatment of wastewater from pulp and paper mills with aluminum sulfate. The waste
is a multicomponent colloidal system, mainly consisting of a large amount of alumi-
num hydroxides (11-13 %) and organic substances such as lignin, resin acids, orga-
nosulphur and other hazardous substances [8, 9, 18].

For 40 years of continuous operation, the coagulation treatment method has
been used at the Baikalsk Pulp and Paper Mill [ 14]. By the time the plant was put into
operation (1966), there was no technology for processing sludge-lingin. Therefore, it
was stored in liquid form in sedimentation tanks. Design solutions for the disposal of
sludge-lingin have not yet been developed, therefore, during the period of operation,
7 sludge-lingin storage sites have been created, containing more than 8 min m? of
waste [9].

The prospects for developing technological solutions for the disposal of sludge-
lingin are hampered by its complex chemical composition and the lack of practical
demand for possible products obtained after its processing. Theoretically, the use of
sludge-lingin is possible as a raw material for obtaining composts and fertilizers [7,
19], and for the preparation of drilling fluids by geological enterprises [12]. The ash
from the combustion of sludge-lingin can be used for the production of building ma-
terials [10—12]. It is also possible to produce sorbents and coagulants for the physical
and chemical treatment of wastewater [6].

Currently, there are many methods for obtaining carbon sorbents from techni-
cal lingins, one of which is pyrolisis with thermochemical activation [20]. NaOH is
considered to be an effective chemical reagent for activating carbon materials with
a disordered structure [17]. In Russia, similar studies were first conducted in the early
2000s [3] and continue to this day at the Northern (Atctic) Federal University.

The aim of this study has been to synthesize carbon adsorbents from sludge-lig-
nin by thermochemical activation and to study their adsorption properties with re-
spect to radioactive isotopes.

Research Objects and Methods

The coagulation process has been carried out in the laboratory of the Depart-
ment of Pulp and Paper Technology of the Northern (Arctic) Federal University
named after M.V. Lomonosov from model solutions with aluminum sulfate, in ac-
cordance with the optimal conditions determined during preliminary studies [16].
A model lignin-containing solution has been used with the following parameters:
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lignin concentration — 400 mg/1, chromaticity — 1800 PCU according to the method
[16]. The resulted sludge-lignin has been subjected to mechanical dehydration on fil-
ter presses, dried and pyrolysed with thermochemical activation with NaOH. In order
to reduce the number of necessary experiments and study the influence of factors in
their possible combinations, the experiment has been carried out using the method of
the second-order rotatable central composite design (RCCD) for 3 factors: pyrolysis
temperature (7, °C), the activating agent dosage (Dy,oy, %0) and pyrolysis duration
(t, min) (Table 1).

Table 1
The levels of variation of input parameters
Levels of variation Input parameters
of independent | Pyrolysis temperature | Pyrolysis duration | Activating agent
variables (X)), °C (X)), min dosage (X;), %

—0 650 30 120
-1 670 42 144

0 700 60 180
+1 730 78 216
+a 750 90 240

Based on the experimental data obtained, using regression analysis methods,
the coefficients of the regression equations have been calculated. In general, the re-
gression equation looks as follows:

Y =b, +bx, + bx, + bx, + b X\ +b,x; + bxi +b,xx, +
+ b yx,.x; + byyx, X,
where x,1s represented in coded variables

The independent variables have varied on 5 levels. The following levels of
variation of independent variables have been distinguished: *oc; '1;0.

During the laboratory test, the adsorption properties for iodine have been as-
sessed in accordance with GOST 33618-2015 and for methylene blue [4] according
to the method described in [16].

The automated system ASAP 2020 MR has been used to determine the porous
structure of the coal surface. The experiment has been carried out at a temperature
of =196 °C. Using the appropriate software, nitrogen adsorption-desorption isotherms
from the gas phase have been obtained as a result.

The determination of the adsorption capacity of the obtained activated carbons
in relation to radioactive isotopes has been carried out in the laboratory of the Depart-
ment of Physics and Environmental Engineering Protection of the Institute of Shipbuil-
ding and Arctic Marine Engineering at a liquid medium temperature of ¢t = 23+£2 °C
in accordance with GOST 33587-2015. The construction of radionuclide energy
spectra, automatic determination of radionuclide composition, calculation of peak
parameters, calculation of radionuclide activity and measurement errors have been
carried out automatically using the SpectralLineGP software package. Previous stud-
ies have confirmed [5] that the pH of the medium affects the recovery ratio of heavy
metals and radionuclides from aqueous solutions [2]. Therefore, an alkaline medium
(pH = 10) has been chosen as the optimal medium for the extraction of cobalt ions.
The required medium has been created by alkalizing the solution with ammonia wa-
ter. In this case, a complex cobalt compound has been obtained [5].
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Results and Discussion

During the experiment, data have been obtained that have been used to develop
statistical models describing the relationship between the values of the input param-
eters and the pyrolysis conditions. The adequacy of the model has been checked
using the F-criterion (Fisher’s criterion). The calculated criterion has not exceeded
the critical one, which confirms the adequacy of the obtained models (at the signifi-
cance level o = 0.05).

When modeling the adsorption properties of iodine with carbon sorbents from
sludge-lingin, the regression equation has been obtained:

Ai, =179.61+37.37X, —10.63X, X, + 26.88X, X, — 7.13X; +
+23.82X; - 7.13X;.

When analyzing the equation, it can be seen that the negative coefficients at
X 12 and X 32 indicate the extremum of the response surface relative to the pyrolysis
temperature and the activating agent dosage. In addition, the positive value of
the coefficient indicates the nature of the surface in relation to the duration of
the pyrolysis process. The response surfaces have been plotted for the regression
equation obtained (Fig. 1).
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Fig. 1. The influence of regime parameters on iodine sorption capacity

Analysing the surfaces obtained (Fig. 1), it should be noted that a simultane-
ous increase in the pyrolysis temperature and alkali dosage has a positive effect on
the development of iodine sorption capacity. Due to the economic feasibility,
the optimal combination is a pyrolysis temperature of 700 °C and the activating agent
dosage of 180 %.

When modelling the dependence of the specific adsorption of methylene blue
on various parameters, the following regression equation has been obtained:

Ay = 680.79 — 40.67X, +130.74X, + 60.00X, X, + 57.00X, X, +
+53.28X7 —33.01X;.

For clarity, the response surfaces have been, which are presented in Fig. 2.

It is obvious that the specific adsorption is positively influenced by
the dosage of NaOH and the combined effect (increase) of 2 factors: pyrolisis
temperature and alkali dosage (Fig. 2). It should be noted that increasing only
the pyrolisis temperature without changing other factors leads to a significant
reduction in the specific adsorption of methylene blue. Thus, the optimal
combination is a pyrolysis temperature of 700 °C and the activating agent dosage
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of 180 %, which is equally effective for the formation of adsorption properties for
iodine and methylene blue.

Fig. 2. The influence of independent parameters on the specific adsorption of methylene
blue by carbon sorbents from sludge-linging

The Brunauer—Emmett—Teller (BET) method has been used to describe poly-
molecular adsorption and the relationship between the adsorption of a substance and
its saturated vapor pressure. The resulting mathematical model illustrating the influ-
ence of experimental factors is represented by the following regression equation:

Veer = 0.36 +0.15X, — 0.06X, X, + 0.07X,X,.

Analyzing the equation, it is clear that the pore volume depends on the acti-
vating agent dosage and the combined effect of 2 factors: temperature — dosage and
temperature — pyrolysis duration.

Based on this equation, the response surfaces have been plotted (Fig. 3).

Fig. 3. The influence of experimental factors on the volume of V},,, micropores with
carbon sorbents from sludge-lignin

It is obvious that the volume of micropores is positively affected by an inde-
pendent increase in the activating agent dosage and its increment with temperature
growth. The negative influence is imposed by the combined effect of temperature and
an increase in the duration of pyrolysis. Thus, the optimal mode for the formation of
micropores in synthesised coals is a pyrolysis temperature of 700 °C and the activat-
ing agent dosage of 180 %.

To determine the volume of mesopores, calculations have been performed us-
ing the Barrett-Joyner-Halenda (BJH) method. As a result, a mathematical model has
been obtained:

Vi = 0.08 + 0.07.X; + 0.03X, X, + 0.05X;.
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The response surfaces corresponding to the regression equation are shown in Fig. 4.
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Fig. 4. The influence of experimental factors on the volume of mesopores of carbon
sorbents from sludge-lignin

A beneficial effect on the volume of mesopores of carbon sorbents from
sludge-lignin is achieved by increasing the dosage of the agent and the combined
effect of temperature and dosage.

Thus, the optimal mode for the formation of micro- and mesopores, the ad-
sorption capacity for iodine and methylene blue in synthesised carbons is a pyrolysis
temperature of 700 °C and the activating agent dosage of 180 %.

Activated carbons synthesised in accordance with the optimal combination of
factors (7= 700 °C, t = 60 min and D,,, = 180 %) have been used to purify liquid
radioactive waste from a ship repair plant. 0.01 g of activated carbon has been add-
ed to a 200 ml sample under analysis and stirred on a magnetic stirrer at a speed of
1,500 rpm for 15 min. At the end of the experiment, the sample has been filtered
and the analysed solution has been taken for further sample preparation. The liquid
sample has been subjected to evaporation. As a result, a counting sample has been
obtained, which is a stainless steel disc on which elemental isotopes are electrolyti-
cally deposited. The prepared disc has been analysed and accompanied by a protocol
stating the disc number and the sample name.

In the Methodology for Measuring the Activity of Gamma-Emitting Nuclides
in Counting Samples Using a Semiconductor Spectrometer [15], a method and al-
gorithm for measuring the specific or volumetric activity of a gamma-emitting nu-
clide have been established. The activity has been measured by counting pulses at
the peaks of total absorption represented in the hardware spectra. A hardware spec-
trum is a discrete distribution: along the abscissa axis — the channel numbers (energy
Ey) and along the ordinate axis — the number of pulses accumulated in the chan-
nels (imp/s). This histogram is further approximated by a smooth curve using vari-
ous mathematical models, e.g. the Gaussian function. In order to correlate channel
numbers with gamma-quanta energy values, the spectrometer is pre-calibrated using
the energy of standard sources.

The smoothed radionuclide spectra obtained in the original sample (Fig. 5) and
after sorption (Fig. 6) have been processed using an inbuilt tool for peak detection
and calculation of radionuclide activity. One of the crucial aspects when calculating
activity is the degree of identification of peaks in the spectrum. It can be unambigu-
ous, i.e. each peak corresponds to no more than 1 library line, and ambiguous, when
several library lines may correspond to a peak. For this purpose, a procedure for
identifying pre-detected peaks is carried out according to the equation:
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S=AY,+AY, +..

where Sis the area of the peak; 4, is the n-radionuclide activity; Y, is the n-radionuclide

line intensity.

+AY

n’ ni’

The spectra processing algorithm is presented in Fig. 5 and 6. The calculation

results are presented in Table 2.
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Fig. 5. The energy spectra of the sample before sorption
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Fig. 6. The energy spectra of the sample after sorption

2618.07

Based on the results of the calculated initial and final specific activity,
the sorption efficiency has been calculated. It has been estimated based on the amount
of sorbed radionuclides from liquid radioactive waste per 1 g of coal. The results

obtained are presented in Table

2.
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The isotopic composition of the analyzed solution

Isotopic Initial specific Final specific Purification

composition | activity, Bq/kg | activity, Bq/kg | efficiency, %
Nb-95 660 110 83
Mn-54 380 50 86
Cs-137 160,000 134,000 16
Cs-134 41,000 35,000 14
Sr-90 800 47 94

ISSN 0536-1036

Based on the research results, it can be noted that sorbents are most effec-
tive for the selective extraction of strontium, niobium and manganese radionuclides
(the atomic radius of radionuclides varies from 140 to 215 pm). The cesium radio-
nuclide has an atomic radius of 267 pm, which prevents the atom from penetrating
through the porous structure of activated carbon [7].

Conclusion

The study has revealed that carbon adsorbents obtained from sludge-lignin
with thermochemical activation by alkali (NaOH) have high adsorption properties.

1. Regression equations for the adsorption of iodine and methylene blue have
been obtained:

Ai, =179.61+37.37X, —10.63X, X, + 26.88X, X, — 7.13X] +
+23.82X; - 7.13X;,
F =0.39;F, =4.82;

Ay = 680.79 — 40.67 X, +130.74X, + 60.00X, X, + 57.00X, X, +
+53.28X; —-33.01X7,

F, = 1,17; F, = 4.82.

2. Regression equations have been obtained for Brunauer—Emmett—Teller and
Barrett-Joyner-Halenda methods:

Vipr = 036+ 0.15X; — 0.06X,X, +0.07.X X,
F =381;F,=4.72;
Vom = 0.08+0.07.X; +0.03X X, +0.05X7,

F, =417, F, =4.72.

3. It has been established that the formation of the specified properties is
influenced jointly by the pyrolysis temperature and the activating agent dosage.

4. According to the results of the experiment, for the synthesis of adsorbents
from sludge-lignin, the recommended pyrolysis temperature is 700 °C and the ac-
tivating agent dosage is 180 %. The advantage of this technology is the low con-
sumption of NaOH for the activation of carbon material compared to sorbents from
hydrolysis or sulphate lignin.
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5. These sorbents are applicable for the selective extraction of radionuclides
from liquid radioactive waste.

6. On this basis, adsorbents obtained during the thermochemical activation of
sludge-lignin are effective for the selective extraction of radionuclides with an atomic
radius of 140 to 215 pm from an aqueous medium, including strontium, niobium and
manganese.
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Annomauyusn. ViccienoBanue MPOBOAMIOCH B CEBEPHOM Talre B COCHSKAX Pa3HBIX THUIIOB
neca B HoBogBuHCckoM 1 Mcakoropckom JieCHUUECTBaX ApXaHIelbCKOTo JiecHu4ecTBa. Bee
M3yYCHHBIE COCHIKH XapaKTepU3YIOTCA KaK CPEJHEBO3PACTHBIC, YHUCTHIE 1I0 COCTaBy WJIH C
HeOoIBIIol TpuMechio enu 1 6epessl. Lens paboTel — onpeaennTs TeMIeparypy BHyTPEHHUX
TKaHEeH KCHJIEMBI, T. K. HECMOTPS Ha TO, YTO APEBECHBIC PACTCHUS SIBISIOTCS MOHKMAIOTEPM-
HBIMH OpTaHW3MaMH, HX TEMIIepaTypa OTINYaeTCs OT TeMIepaTypsl BO3ayxa. B kax oM Tume
neca noxoupanuchk 45-50 ydeTHBIX AepeBbeB. s M3MepeHus TeMIeparyphsl MOBEPXHOCTH
KOPBI UCIONB30BAIH TETUIOBU30p Testo 890-2, MeTeodakTopsl PSIIOM C IEPEBBIMHU OIpeie-
JISTUCH ¢ TIoMoIIbio iprdopa MO C-200, TemnepaTypa KCHIeMbl — TOPTATUBHOTO IU(POBOTO
MyneTEMeTpa MY 64. [loka3aHo, 4TO Temrmeparypa MOBEPXHOCTH CTBOJIOB M TeMIleparypa
KCHJIEMBI 3aMETHO OTIMYAIOTCS OT TEMIIEPATYPhI OKPYKAIOIIEro Bo3Ayxa. TeMiepaTypa rmam-
KOW KOpBI B TEIUIYIO TMOTOYy OKa3anxach HIKE TEMIepaTyphl KOPKH (TPEUIMHOBATONW KOPHI)
Ha 2 °C, win Ha 10 %. ToHKHMe nepeBbs UMEIOT TeMIIEpaTypy KOPKH BEIIIE, Y€M TOJICTHIC Ha
1,5 °C, nmu 7 %. B conneunyio 6e3001a4Hy10 TIOroly B COCHSKAX YEPHUYHOM M KyCTapHHY-
KOBO-C(harHOBOM TeMIIepaTypa HOBEPXHOCTH KOPBI BBIIIE TEMIIEPATyphl BO3IyXa: B COCHSIKE
yepunuHoMm — Ha 0,98 °C, B cocHsike KycTapHHYKOBO-c(harnoBom — Ha 5,43 °C. B nacmypHyo
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MOTO/Ty, HA00OPOT, TeMIeparypa BO3AyXa MPEBOCXOAUT TEMIIEPATypy MOBEPXHOCTH XBOH.
TemnepaTypa KcuiieMbl y IICHKH KOPHS BCeraa HIDKE, yeM Ha BbicoTe 1,3 M. Pasnuums co-
crasisitot 0,8—1,2 °C. TTo-BuaIuMOMYy, 3TO CBSI3aHO ¢ TEMIIEPATy PO BOABI, KOTOPas MOCTYMaeT
13 TIOYBHI B KcniieMy. Temmeparypa KCHJIEeMBbl B TEUCHNE BET€TAI[HOHHOTO CEe30Ha BO3pacTa-
€T U JOCTUTaeT MaKCHMyMa K KOHITy HIOJS, ITOCIIe Yero CHIbKaeTcs. Temmeparypa KCUIeMbl
BCErIa MEHBIIIE TEMIIEPATyphl BO3AyXa U 3aBUCHT OT BO3PAcTa — Y CTaphIX JIEPEBbEB MOKA3a-
TeJb 00JIee HU3KUH.

Knioueevie cnosa: temneparypa cTBONA, TEMIEpaTypa KCHIEMbl, TEMIIEpATypa BO31LyXa, CO-
CHSIK, THII Jieca, CeBEepHas Taiira, ApxaHreibckas 001acTb

bnazooapuocmu: ViccienoaHue BBIIOIHEHO B paMKax roc3afganus denepalibHOrO uccie-
JIOBAaTENILCKOTO LIEHTPa KOMIUIEKCHOTO H3y4eHus Apktuku um. akagemuka H.II. JlaBépo-
Ba ¥YpO PAH (Ne 125021902596-8).

Mna yumuposanusn: ®exmucroB [1.A., Tlunaesckas E.A., HesepoB H.A., bonotos N.H.,
Tapxanos C.H., TrokaBuna O.H. TemneparypHble XapaKTEpUCTHKH CTBOJIOB COCHBI B CE€BEp-
HO¥ mog3oHe Tairu // 3B, By30B. JlecH. xypH. 2025. Ne 3. C. 195-203.
https://doi.org/10.37482/0536-1036-2025-3-195-203

Original article

Temperature Characteristics of Pine Stems
in the Northern Taiga Subzone

Pavel A. Feklistov'™, Doctor of Agriculture, Prof.; ResearcherID: AAC-2377-2020

ORCID: hitps://orcid.org/0000-0001-8226-893X

Ekaterina A. Pinaevskaya’, Candidate of Biology, Senior Research Scientist;

ResearcherID: ABB-6293-2020, ORCID: https.//orcid.org/0000-0003-1877-1412

Nikolay A. Neverov!, Candidate of Agriculture, Senior Research Scientist;

ResearcherID: P-5590-2015, ORCID: https.//orcid.org/0000-0002-0161-0738

Ivan N. Bolotov', Doctor of Biology, Corresponding Member of the Russian Academy of
Sciences; ResearcherID: P-2892-2015, ORCID: https.//orcid.org/0000-0002-3878-4192
Sergei N. Tarkhanov', Doctor of Biology, Head of Laboratory;

ResearcherlD: ABG-7237-2020, ORCID: https.//orcid.org/0000-0001-9037-8995

Olga N. Tyukavina?, Doctor of Agriculture; ResearcherID: H-2336-2019

ORCID: hitps://orcid.org/0000-0003-4024-6833

IN. Laverov Federal Center for Integrated Arctic Research of the Ural Branch of the Russian
Academy of Sciences, Nikolskiy prosp., 23, Arkhangelsk, 163000, Russian Federation;
pfeklistov@yandex.ru™, aviatorov8(@mail.ru, na-neverov(@yandex.ru, dirnauka@fciarctic.ru,
tarkse@yandex.ru

2Northern (Arctic) Federal University named after M.V. Lomonosov, Naberezhnaya Severnoy
Dviny, 17, Arkhangelsk, 163002, Russian Federation; o.tukavina@narfu.ru

Received on November 30, 2023 / Approved after reviewing on February 21, 2024 / Accepted on February 22, 2024

Abstract. The research has been carried out in the northern taiga in pine forests of different
types in the Novodvinsk and Isakogorka forestries of the Arkhangelsk forestry district.
All the studied pine forests are characterized as middle-aged, pure in composition or with
a small admixture of spruce and birch. The aim of the research has been to determine
the temperature of the internal tissues of the xylem, since despite the fact that woody plants
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are poikilothermic organisms, their temperature differs from that of the air. In each forest
type, 45-50 registered trees have been selected for the study. To measure the temperature
of the bark surface, a Testo 890-2 thermal imager has been used, meteorological factors
near the trees have been determined using a MES-200 device, and the xylem temperature
has been determined using a portable digital multimeter MY 64. It has been shown that
the surface temperature of the stems and the xylem temperature differ significantly from
the ambient air temperature. The temperature of the smooth bark in warm weather has
turned out to be lower than the temperature of the crust (fissured bark) by 2 °C, or by 10 %.
Thin trees have a crust temperature higher than thick trees by 1.5 °C, or 7 %. In sunny,
cloudless weather, the bark surface temperature in blueberry and shrubby-sphagnum pine
forests is higher than the air temperature: by 0.98 °C in blueberry pine forests and by 5.43 °C
in shrubby-sphagnum pine forests. In cloudy weather, on the contrary, the air temperature
exceeds the temperature of the surface of the needles. The xylem temperature at the root
collar is always lower than at a height of 1.3 m. The differences are from 0.8 to 1.2 °C. Ap-
parently, this is due to the temperature of the water that flows from the soil into the xylem.
The xylem temperature increases during the growing season and reaches a maximum by
the end of July, after which it decreases. The xylem temperature is always lower than the air
temperature and depends on the age — in older trees the indicator is lower.

Keywords: stem temperature, xylem temperature, air temperature, pine forest, forest type,
northern taiga, the Arkhangelsk Region
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Beeoenue

JIpeBecHble pacTeHus SBIAIOTCA MOWKHJIOTEPMHBIMH OpraHu3Mamu [2, 4, 9].
B o6mem Buje 3TO 03HAYaeT, YTO TEMIIEpaTrypa OPTaHOB PACTEHHI COOTBETCTBYET
TEeMIIEpaType OKPY’KaIOIIeH CpeIbl, MPEK/Ie BCETO MOKA3aTelNsaM JIJIsl BO3AyXa, IIOUBEI
Y OKPY’KaoIuX MPEIMETOB U Tell. B cBOIO ouepesh, TeMIieparypa Ha TIOBEePXHOCTH
3eMJId OTIPEACIISETCA COTHEUHON paaualueil, Jydyamu, KOTOPbIE HECYT U CBETOBYIO,
u TerwioByio sHepruio [1]. Temno mepemaercst mouBe, mpeaMeTaM Ha MOBEPXHOCTHU
3eMJIM, PACTUTEIBLHOCTH. 3aTeM MOCPEICTBOM H3IYUYCHUS, TCTUIONPOBOMAHOCTU U
TETJIOBOM KOHBEKITMH HarpeBaeTcs oKpykaromui Bo3myx [13]. OgHako, kKak OBIIO
MOKa3aHo [2, 3], TeMIieparypa pacTUTEIbHbBIX OPraHU3MOB CYLIECTBEHHO OTIMYAET-
Cs OT TeMIlepaTyphl BO3AyXa, MPUYEM pedb B pa0doTaxX IuTa B OCHOBHOM O TpaBs-
HUCTBIX PACTCHUAX U HETUIIUYHBIX JJIS CEBEPO-TACKHOTO PErHOHA APXAHTEIbCKON
oOmactu Bujax. Temreparypa JepeBbEB OMPEACIIIeTCS MHOIMMHE (pakTopamMu: I1iBe-
TOM KOPBI, TUCTHEB, TCHEPATUBHBIX OPTAaHOB (TEMHBIC MPEAMETH HATPEBAIOTCS CUITh-
Hee), CTPYKTYPOH MOBEPXHOCTH, Ha KOTOPYIO MOCTYHAIOT CONHEYHBIEC JTY4H, YTIIOM
MaJIeHUs, ITUPOTON MECTHOCTH U Ap. ViMeeT 3HaueHHe coepikaHne BOIBI B Pa3HBIX
opraHax pacreHuil. Harpumep, B cTBOJIaxX JOPEBEB COCHBI U €JIH BOABI MOXKET OBITH
okoj10 50 % [14]. A Bozma, Kak U3BECTHO, 001a/laeT CaMOI BBICOKOH TEIIOEMKOCThIO
[6] u, ciemoBaTeIbHO, BHOCUT CBOM BKJIAJ B TEIUIOBOW OasiaHC pacTeHuid. B To ke
BpeMsl TeMIIeparypa TKaHEW pacTeHUI UIpaeT Ype3BbIYAWHO BaXKHYIO pOJIb: C YBE-
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JTMYEHUEM TEMIIepaTypbl CKOPOCTh XUMUYECKHX PEaKIMi MPOMOPIIMOHATIBLHO pacTeT
[15]. 1 x0T Bce OMOXMMHUYECKHE PEAKIMH SBISIOTCS (PEPMEHTATUBHBIMH, AKTHB-
HOCTH (DePMEHTOB TAK)KE YBEIMYHNBACTCS C IMTOBBIIICHUEM TEMIIEPATypHI 10 MOMEHTA
pacnana 6enkos-epmenToB (45-50 °C) [8]. Takum 00pazoM, Temieparypa OpraHoB
pacTeHHid ABJSIETCS] BXKHOW XapaKTEPUCTHKOM ISl TOHUMAaHHMS MIPOLECCOB UX KH3-
HENesTeTbHOCTH. B TO e BpeMst /1715l OCHOBHBIX J1€COO0Pa3yIOLIUX MOPO] CEBEPHON
TalTH TAKUX CBEJICHUI HET WM OHU €AMHUYHBIL.

Llens — U3y4nTH TEeMIepaTypHbIC XapaKTEePHUCTHKH TOBEPXHOCTH KOPBI, TEM-
neparypy KCHJIEMBI M CPAaBHHUTH ITOJYYEHHBIC MOKA3aTeN C TEMIIEPaTypoil BO3Iy-
xa. Bce 3T0 Hy)XKHO U 17151 TOHUMAHUSI MEXaHU3MOB KHU3HEACATEIbHOCTH JEPEBBEB,
HanpuMep, paboTel KaMOWs, MEPeABMKEHUS BOABI C MHUHEPAJILHBIMH DJIEMEHTaMHU,
a TaKKe C TEOPETUUECKON TOYKH 3PEHHUsI, TOCKOJIBbKY CUMTAETCS, YTO TEeMIIepaTypa
JIEPEBLEB paBHA TEMIIEPATyPe OKPYKAIOIICH Cpebl.

Obvexmbl u Memoobl UCCAEO08AHUA

OObekraMu Uccle0BaHUsI ObUIM YepHUYHBIE W KYCTAPHHYKOBO-C(arHOBbIC
COCHSIKU €CTECTBEHHOTO NIPOUCXOXKJICHHS, PACIIONIOKEHHBIE Ha TeppuTopusix Vcako-
ropckoro 1 HoBOIBHHCKOTO JIECHUYECTB ApXaHTeIbCKOW 001acTh. JlaHHBIC COCHSIKA
SIBJISIFOTCSL CPETHEBO3PACTHBIMU, YHCTHIMH 11O COCTABY WIIH ¢ HEOOIBIIOW MPUMECHIO
enu u O6epessl (Tabim. 1), B ocHoBHOM uMeroT [V-V kitacc 6oHuTeTA.

s mpoBeneHUsl pabOT B COCHSIKAX C yYETOM OOIIETPUHSTHIX PEKOMEH/a-
nuit (OCT 56-69-83 «Ilmomaau mpoOHBIE IECOYCTPOUTETbHBIC. MeTO 3aKTa Ik )
OBLTN 3aJI0KCHBI TTPOOHBIC TIITOTIIATH.

Tabauma 1

TakcauHOHHAs XapaKTEPUCTHKA APEBOCTOsI MPOOHBIX IJIOIIAHeit
The inventory characteristics of the stands of the sample plots

Tlo- Cpennue ITomunoTa Bosz- | Bo-
3amnac,
Tun cocHsika CocraB po- | auamertp, | BbICO- | aOCOMIOT- | OTHOCH- | Pact, | HH- M3/ra
Aa CM Ta, M | Hasi, M¥/Ta | TeJbHas | JIET TET
Hcakoeopckoe yuacmrogoe necnuuecmeo
C C-227
Uepnuunsit | 8C1610c¢ | b 17,0 18,0 | b-1,6 0,67 86 | IV | 190
Oc Oc-3,0
Kycrapauu-
KOBO-c(arHo- 10C C 11,1 10,0 11,73 - 66 A% 63
BBIN
depmmmsiii | SH0C | C | 179 | 17,5 | 2650 | 080 | 100 | IV | 231
Hosoosunckoe yuacmrogoe necHuuecmso
Yepumaseii | 10C | C | 99 [ 113 ] 1395 | 060 | 56 | IV | 78

[Tpou3BeneHbI 3aMepbl TEMIEePaTyPbl MOBEPXHOCTH KOPBI Ha BbicoTe 1,3 My
45-50 y4eTHBIX epeBbEB, MapauIeIbHO (PUKCHPOBAaCh TEMIleparypa Bo3ayxa psi-
JIOM C iepeBoM. B mepBoM ciryuae ncmonb30BaH TermnoBu3op Testo 890-2, Bo Bropom —
npudop MDC-200. Temmeparypa KCUIeMbl OMPeesaiIach MOPTATUBHBIM ITU(PPOBBIM
MyIeTEMETpoM MY 64 ¢ nmamazonom usMeperus or —20 go 1000 °C. Qi sToro
B KaXIOM aHAJIM3UPYEMOM JICPEBE CBEPIHIOCH OTBEPCTHE, B KOTOPOE BCTABIISIICS
SNEKTPOJ, N30JIUPOBAHHBIN JO TOBEPXHOCTH KOHTaKTa (4,5 MM) M COCIUHEHHBIH ¢
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MpUOOPOM TTOCPEACTBOM THOKOTO MpoBoja [S]. YdeT Temmeparypbl TKaHU BBITIOJN-
HSUICSL B COJIHEUHBIE U NacMypHble 1HU. IIpu 3ToM 1mypdsl cBepauIuch Ha pa3iny-
HOW BBICOTE: y MIEHKN KOpHS U Ha ypoBHE 1,3 M. Bcero Ob1T10 OCyIecTBIeHO OKOJIO
900 3amepos.

Pezynomamut ucciedosanust u ux oocysncoenue

Temrieparypa TkaHel JpeBEeCHBIX paCTCHUI MIMEET BAKHOE 3HAUCHHUE JUIST BCEX
(pM3MOIOTHYECKUX TPOIIECCOB B CTBONIAaX AepeBbeB [17, 19, 20]. U3mepenue Tem-
neparypsl BO3AyXa PsIOM C IEPEBbSIMHU COCHBI M TEMIIEPaTyphl IIOBEPXHOCTH KOPBI
B COCHSIKaX YEPHUYHOM M KyCTapHHUYKOBO-C(DarHOBOM TOKa3aJI0 HEOIUHAKOBEIEC pe-
3yJBTATHl B 3aBUCHMOCTH OT TIOTO/IBI: YKapKOW COTHEYHOH 0€3001a4HOM WiTH TacMyp-
HOW. B mepBoM cirydae B 000MX THUIIaX COCHSKOB TEMIIEpaTypa MOBEPXHOCTH KOPHI
ObLITa BBIIIIE TEMIIEPATyphl BO3/1yXa. B COCHSIKE YepHHYHOM 3TH pa3IHyus COCTaBUIN
0,98 °C, a B kycrapHnuKoBO-c(parHoBoM — 5,43 °C (Tabu. 2). B macmypHyto niorony,
HA000POT, TemMIepaTypa KOpbl Oblla HHYKE TEMIIEpaTypbl BO3[yXa: B COCHSAKE 4ep-
HuuHOM — Ha 1 °C, B coCHsIKe KycTapHHYKOBO-carHoBoM — Ha 0,77 °C. Bee nomy-
YeHHbIE JAHHBIE T0CTOBEPHBHI.

Tabnuma 2

TeMmneparypa Bo31yXa Moj M0JIOrOM PS/IOM € IepeBbSIMU U MOBEPXHOCTH KOPbI
CTBOJIOB B Pa3HBIX THIMAX Jeca
The temperature of the air under the canopy near trees and the surface
of the bark of the stems in different forest types

Ilorona
CthzTcI;Icl(ilTﬁH- JKapKasi COTHeUHast nacMypHast
HoKa3a- Cocnsx CocCHSIK KyCTapHUYKOBO- CocHsik CoCHSIK KyCTapHUYKOBO-
reih YepHUYHBII c(harHoBbII YepHUYHBII c(harHOBBIH

Bo3nyx | Kopa | Bozmyx Kopa Bosnyx | Kopa | Bo3snyx Kopa
M, °C 26,63 | 27,61 | 26,66 32,09 12,38 | 11,88 | 13,03 12,26
m, °C 0,13 0,61 0,31 0,64 0,09 | 0,04 0,06 0,07
o 0,92 | 4,35 2,24 4,59 0,57 | 0,29 0,44 0,47
V, % 3,59 | 15,74 8,40 14,29 4,62 | 2,48 3,35 3,85
P, % 0,51 2,23 1,12 2,00 0,69 | 0,37 0,47 0,54
t 196,2 | 44,9 85,1 49,9 145,2 1270,3 | 210,8 183,5

[Ipumeuanue: Kputnueckoe 3Hauenue kpurepus Creronenta s P = 0,95 cocrasnser 2,01.

WuTepecHo cpaBHEHHE TeMIIepaTyphl TOBEPXHOCTH KOPbI HAa Pa3HbBIX BhICOTaX
CTBOJIOB B COCHsIKe uepHUYHOM. Ha BbicoTe 1,3 M B paiioHe T. H. KOPKH (TOJICTOH Tpe-
IIMHOBATOM KOpHI) Temneparypa Ha 2,14 °C Brllie, 4eM TeMreparypa IJiaikoi ciierka
Hiesymariencst Kopsl B To ske BpeMs (puc. 1). Paznuuus nocrosepusl Ha yposHe 0,05.
Kpurepwuit Cteionenra — 2,58 (kputudeckoe 3HaueHue — 2,01).

CpaBHeHME TeMIepaTypbl MOBEPXHOCTH KOPbI Ha BBICOTE TPYIU y JI€PEBBHEB
Pa3HOI TONIIMHEI TOKA3aJI0, 9TO 3HAUYEHHE JIJIsl TOHKHX JepeBbeB Ha 0,56 °C Oobiire,
9geM 15 TONCTHIX. OTHAKO pa3iuyns OKa3alich HETOCTOBEPHHI 110 KpuTepuio CThio-
nenta. OH cocraBui 1,98 (kpurnueckoe 3naueHue — 2,01). HaBepHoe, cienoBaino Obt
YBEIMYUTH YHCIIO M3MEPEHUH, U TOTIa, BOZMOXKHO, pa3iaidus ObLTH OBI JI0CTOBEPHBI-
Mu. TeM HEe MeHee MO)KHO KOHCTaTHpOBATh, YTO TeMIIEpaTypa KOPKU BBILIE TEMIIe-



200 «H3BecTns By30B. JlecHoii skypHam». 2025, Ne 3 ISSN 0536-1036

paTypsl TIIaIKOH KOPBI, a TOJIINHA JIEPEBbEB CI1a00 BIHUSET Ha ITOT ITOKA3aTelb, UTo,
CKOpEe BCETO, CBSI3aHO CO CTPYKTYPOil KOPBI.

23,0+

22,5+

Puc. 1. Temneparypa NOBEpXHOCTH KOPKH %: 22,0

1 TTIaJIKOH KOPHI ¥ IepPEeBbEB g 21,5

pa3HOM TOJIITIHEL % 21,0

Fig. 1. The surface temperature EJ igg

of the crust and smooth bark of trees 1951
of different thicknesses 19:0 ' ' ' ' '

Kopxa Kopa Toncteie Tonkue
JIepeBbs JICPEBbA

[Ipencrapnsercs BaXKHBIM OLIEHUTh TEMIIEPATYPY KCUIEMbI CTBOJIOB COCHBI, T. €.
TOM YacTH, IO KOTOPOH JABIKYTCSA BOJIa I MUHEPAIHHBIC JIEMEHTHI.

Takux HaHHBIX OYEHb MaJ0, 1 B OCHOBHOM OHH OTHOCSITCA K JAPYTHM MOPO-
JaMm U apyruM ycaoBusim [10—12, 16, 18, 21]. Hamu usmepeHust nokazajiu, 4To TEM-
neparypa KCUJIeMbl y OCHOBaHUS JepeBa (y MIEHKH KOpHsS) HUXKE, YeM Ha BBICOTE
1,3 M, B pa3HbIe CPOKH BETeTaI[MOHHOTO repuosa (puc. 2). HecoBnaaeHue B Temre-
patype cocraisieT 0,8—1,2 °C. Bce pa3audus 10CTOBEpHBI Ha YPOBHE 3HAYUMOCTH
0,05, 3a uCKITIOYCHHEM JTaHHBIX ISl CEPeIUHBI HEONis (31ech kputepuii CThlofeHTa
TIPH OTIEHKE pa3IMuMi CpeIHuX 3HaueHuH paBeH 1,01). B 310 BpeMst pazaudus He-
JIOCTOBEPHBI. B 11€710M TeéMIieparypa KCHJIEMbI B TEHEHUE BEr€TAllMOHHOIO MEpHO/a
BO3pACTAET OT CEPEeIUHBbI HIOHS M JIOCTUTAeT MaKCHMyMa B KOHIIE HIOJIS, a 3aTeM
HauyWHaeT CHIKaThes. [lo-Buaumomy, TeMiieparypa KCuiaemsl onpeaensercs 2 (hak-
TOpaMu — 3TO TeMIlepaTypa BO3AyXa U MOCTyHAIOIIeH B KCUIIEMY U3 MOYBBLI BOJBI.
Bopma u3 mouBs! X0M04HEe BO3AyXa U y MIEHKH KOPHS, OHa BO MHOTOM OTIPEIesieT
TeMIIEpaTypy KCWIEMBI, IEPEJBUrasCh 110 HEM U IOCTEIIEHHO HAIPEBAsICh BMECTE C
ee CTPYKTypaMH.

33 Yy KOpPHEBOit
31 A MeHKN

29 g Ha BBICOTC
27 A 1,3m

25 4
23 4
21 A

Fig. 2. The xylem temperature in trees }3 |

at different heights (blueberry pine forest) [7] 15

Puc. 2. Temneparypa KCuaeMbl y 1€PEBLEB
Ha Pa3HBIX BBICOTaX (COCHIK YSPHUIHBIN) [7]
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Temrieparypa KCUJIEMBI Y IEPEBhEB Pa3HOIO BO3pacTa oTiaudaeTcs. Tak, TeM-
reparypa KCWJIEMbI Ha BBICOTE I'pyIdd y JIepeBbeB 3-ro Kjacca Bo3zpacta Ha 1,7 °C
BBIIIIE, YeM y JepPeBbEB 4-T0 Kiacca Bo3pacTa (puc. 3). Paznuuus qoctoBepHBI (Kpu-
tepwuii CteioneHTa — 2,40, moporosoe 3HadeHue — 2,01), To xe camoe HabmronaeTcs u
Y IIEHKU KOPHS. ITO BO MHOTOM COTIIACYETCS C paHee TOTyUYEHHBIM BBIBOIOM O TOM,
410 00JIEE€ TOHKHUE JIEPEBbs UMCIOT TEMIIEPaTyPy MOBEPXHOCTU XBOH Bhiile. J(namerp
JIEPEBBEB 3aBUCUT OT BO3PACTa, 3TUM OOBSACHSIOTCS MpHUBEICHHBIE 3/1eCh JTAHHBIE,
YTO TEMIIEPATypa MOJIOJIBIX JIEPEBHEB BHIIIIE.
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Puc. 3. TemnepaTypa KCHIIEMBI I€PEBbEB U BO3yXa Ha pa3HbIX BhICOTAX [7]:
a — NepeBbs 3-TO Kilacca Bo3pacTa; 6 — iepeBbs 4-To Kitacca Bo3pacra

Fig. 3. The tree xylem and air temperatures at different heights [7]:
a — trees of age class 3; 6 — trees of age class 4

Bwioowi

1. Temnieparypa TajKoi KOpbl COCHBI B TEIUTYIO MOTOJLy HHXKE TeMIlepaTyphl
KOpKH (TpermmHoBaroii kopsr) Ha 2 °C, wnm Ha 10 %.

2. ToHkue 1epeBbsl UMEIOT TEMIIEPaTypy TPELIMHOBATON KOPbI BBILIE, YEM TOJI-
creie, Ha 1,5 °C, w7 %.

3. B conneunyro 0e3001a4HyI0 TOTOAy TeMIlepaTypa MOBEPXHOCTH KOPBI
BBIIIIE TEMIEPaTyphl BO3AyXa: B cCOCHsAKe yepHnyHOM — Ha 0,98 °C, a B coCHSIKE Ky-
CTapHUYKOBO-charaoBoMm — Ha 5,43 °C. B macMypHYyI0 TTOT0Ty, HA000pOT, 3HAUCHNE
Ul BO3yXa IPEBOCXOIUT 3HAYCHUE JJIs IOBEPXHOCTH XBOU.

4. Temneparypa KCUIEeMbl y HICHKN KOPHS BCEra HIKE, 4YeM Ha BbicoTe 1,3 M.
Pazmuunst cocrasisior 0,8—1,2 °C.

5. B TeyeHue BereTalMoOHHOIO CE30HA TEMIEpaTypa KCHIEMBbI BO3pacTaeT U
JIOCTUTaeT MaKCUMyMa K KOHITy HIOJId, TTIocie 4ero cHukaeTcst. OnHako TeMreparypa
KCHJIEMbI BCETla MEHbIIIE TEMIIEpaTyphl BO3yXa U 3aBUCUT OT Bo3pacra: bosee cra-
pble IepeBbsl UMEIOT [10Ka3aTellb HUXKE.
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Annomayus. ITlpoGnema oOoramieHus ICHAPOQGIOPHI 3CICHBIX HACAKICHUNA CEBEPHBIX
ropoJoB U UX 3€JICHBIX 30H HOBLIMU BUJAMHU 3a CYHCT UHTPOAYILCHTOB ABJIACTCA aKTyallb-
HOM. JlaHHYI0O Ipo0IIeMy MOXKHO PEIINTh IyTeM CTYNEHYaTOW WHTPOJYKIMH, KOTOpas Ha
CCFO}IHHI_HHI/Iﬁ JACHb TCOPECTUUCCKU 06OCHOBaHa 1 HCOAHOKPATHO MPUMCHAJIACh HA IMPAKTH-
ke. [ToTerienne kiMMara Mo3BOJISIET CUNTATh MepcneKTuBHON A EBpomneiickoro Ceepa
HEMOPAIIBLHYIO JIeHIpoQIIopy, B 4aCTHOCTH Ay0 uepenryarsiid. Bung obnanaer BrIcOKO Jie-
KOPaTUBHOCTHIO, 0COOBIMH 3KOCHUCTEMHBIMH CBOMCTBaMHU. B 105KHOW MO30HE Taliru BCTpe-
yaercsi pparMeHTapHO B MOWMEHHBIX JIecaX, 4TO CJIENajo ero paclpoCTPaHEHHBIM B 03e-
JICHCHUU CCBCPHBIX TOpOAOB. Nmenno HaCaXXJICHUA 3TOro BUAa JOJIKHBI IEPBOOUYCPEIHO
paccMmaTpuBaThcs Kak MICTOUHHUK CEMEHHOro MaTepuania. L{ens nucciaenoBaHus 3aKiIodaeTcs
B 0000IIEHUY OMBITA CTYIEHYATOH MHTPOAYKIUH JIy0a Yepenryaroro B yCIOBHSIX CEBEp-
HoM arnmomepannu. OOBEKTOM HCCIeI0OBaHUS CTal TOPOACKOH caf . Bomorasl, rie B Hauase
XX B. cymiecTBOBai OOTAHWYECKHH Cajl ¢ DKCIO3UIMEH ITUPOKOIMCTBEHHBIX JIECOB. DTH
HACaX/IeHUs pacCMaTPHUBAIOTCS KaK |- CTyNeHb MHTPOAYKIMH. 3a 2-10 CTYNEHb MPHUHSTHI
HaCaX/IEHUS B IPUTOPOTHOMN 3€JIEHOMN 30HE, CO3/IJaHHBIE CeSTHIIAMU U3 CEMSIH, COOpPaHHBIX C
JIePEBBEB TOPOJICKOTO cajia. Pe3ynbTaThl CpaBHUTEIBHOTO aHAIM3a TOKA3aJld, YTO CO/IepKa-
HUC q)OTOCI/IHTeTI/I‘IeCKI/IX IMUTMEHTOB, KOJIMYCCTBECHHBIC Y KAYE€CTBCHHBIC XapaKTCPUCTHUKU
JKEJIyleH 1epeBbEB 3€JICHON 30HBI BBIIIE, UEM JIEPEBbBEB FOPOJCKOro cana. MoxXHO clienarb
3aKJIFOYCHHE, YTO Ha 000UX 00BEKTaX PACTCHHS COXPAHSIOT KU3HCHHYO (popmy, ci1abo 00-
Mep3aroT. KonnuecTBo (OTOCHHTETHUECKUX TUTMEHTOB JICKHUT B mpeneiax Hopmbl. Coaep-
KaHUC KapOTUHOHNJI0OB HAXOJAUTCA Ha BBICOKOM YPOBHE, UTO obecrmeunBaeT yCTOﬁHHBOCTB
JIEpeBbEB K HEOJIaronpusTHBIM KIIMMaTHUeCcKuM (akropam. buomerpudecknue mokasaresiu
CEMIH COOTBETCTBYIOT 3HAYCHUSAM, CBOMCTBECHHBIM JJ11 €CTCCTBCHHBIX yCJ'IOBI/Iﬁ mpouspac-
TaHHUA BHJA. HpI/I 9TOM H€06XOI[I/IMO OTMECTUTD, YTO MO HEKOTOPBIM KPUTCPUAM ACPEBLA 3€-
JICHOM 30HBI aTJIOMEPALNU TPEBOCXOAAT IK3EMIUISIPHI TOPOICKOM 4epThl. BrICOKOE KauecTBO
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CEeMEHHOTO MaTepHala II03BOJIIET PEKOMEHI0BATh UCTIOIb30BaHNUE EPEBbEB 3EJICHOM 30HBI
KaK MaTo4HbIX. J{JIs ITOMy4YeHust ToCcaJJO4HOr0 MaTepHaia cienayeT Oparh JKeJlyin cpenHen
U KpyIHO# (paxiuu.
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Abstract. The problem of enriching the dendroflora of green plantations in northern cities and
their green zones with new species at the expense of introduced species is urgent. This prob-
lem can be solved by stepwise introduction, which is currently theoretically justified and has
been repeatedly applied in practice. Climate warming makes it possible to consider nemoral
dendroflora, in particular English oak, as promising for the European North. This species
is highly decorative and has special ecosystem properties. In the southern taiga subzone, it
occurs fragmentarily in floodplain forests, which has made it widespread in the landscaping
of northern cities. It is the plantations of this species that should be considered primarily as
a source of seed material. The aim of the study is to generalize the experience of stepwise
introduction of English oak under the conditions of the northern agglomeration. The object of
the study has become the city garden of Vologda, where at the beginning of the 20th century
there has been a botanical garden with an exposition of broad-leaved forests. These planta-
tions have been considered as the 1st stage of introduction. The 2nd stage has included plan-
tations in the suburban green zone, created by seedlings created from seeds collected from
trees of the city garden. The results of the comparative analysis have shown that the content of
photosynthetic pigments, quantitative and qualitative characteristics of acorns of green zone
trees are higher than those of city garden trees. It can be concluded that at both sites the plants

This is an open access article distributed under the CC BY 4.0 license
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retain their vital form and freeze slightly. The amount of photosynthetic pigments is within
the normal range. The carotenoid content is at a high level, which ensures the resistance
of trees to adverse climatic factors. The biometric parameters of the seeds correspond to
the values typical for the natural growing conditions of the species. At the same time, it should
be noted that according to some criteria, the trees in the green zone of the agglomeration are
superior to those in the city limits. The high quality of the seed material allows us to rec-
ommend the use of green zone trees as mother trees. To obtain planting material, acorns of
medium and large fractions should be used.

Keywords: stepwise introduction, winter hardiness, photosynthetic pigments, germination,
morphometric parameters, English oak, the Vologda Region

For citation: Karbasnikov A.A., Karbasnikova E.B., Zalyvskaya O.S., Melekhov V.I. Ex-
perience of Stepwise Introduction of English Oak (Quercus robur L.) in Northern Latitudes.
Lesnoy Zhurnal = Russian Forestry Journal, 2025, no. 3, pp. 204-214. (In Russ.).
https://doi.org/10.37482/0536-1036-2025-3-204-214

Bseoenue

BonpocaM HHTpOAyKIMH JPEBECHBIX PACTCHUH B TOCIEAHEE BPEMS OTBOANT-
cs1 Bce Oopiiee BHUMaHue. OCHOBHOM MPUYMHON SIBISETCS TOT (aKT, YTO Oaromaps
BBEJICHUIO B KYJIBTYPY HOBBIX BHJIOB 00€CIICUMBACTCS YBEINICHNUE OUOJIOTHYECKOTO
pa3zHo00pasus HACAKACHUN CEBEPHBIX TOPOJIOB U UX 3€JICHBIX 30H. | OpoIcKue mapku
Y TIPUTOPOJHBIE JIeCa MMEIOT KITI0YeBOE 3HAUEHHUE JUI PEKpPEeaIyl U 037[0POBICHUS
HaCeJICHUs. YITyUIlIeHUE CTPYKTYPhI 3eJICHBIX HACAXK/ICHHH 1 TIOBBIIIICHUE UX JIEKOpa-
TUBHOCTH BXOJIUT B YMCJIO TIEPBOOYEPETHBIX 3a/1a4.

B Hacrosiiiee Bpemst c(hopMyITHPOBaHbI TECOPETUYCCKUE BBIKIIAIKA U HAKOTUICH
MPAKTHYECKUN OTIBIT, TIO3BOJISFOIINE aKTUBHO BECTH pabOTy B 3TOM HalpaBICHUH.
B OCHOBY IIOJIOK€HA KOHIECIIIHA ITOCTCIICHHOI'O IIPOJABUKCHU A HpeHCTaBHTeHeﬁ JCH-
IpoIophl B 0oJiee CYypOBBIE YCIOBUS. AHAIH3 JIMTEPATYPHBIX UCTOUYHUKOB [1-3, 5,
8, 14], ocBemaromux pe3yabTaTbl HHTPOIYKITHOHHBIX UCIIBITAHUHN MeHIPO(IOpHI ce-
BEPHBIX TOPOJIOB, CBUAETEIBCTBYET O TOM, YTO y Ka)/J0TO MOCIJIEAYIOLIEro MOoKoJe-
HUS PACTEHUI CHIDKACTCSI HHTPOAYKIIMOHHBIN CTPECC U OHHU JieTde alalTHPYIOTCS K
HOBBIM YCJIOBUSIM.

[lepcrieKTUBHBIM BHJIOM JUIS BHEJPEHUS B CEBEPHBIC PETUOHBI SBISIETCS OT-
HOCSIITUICS K HeMOpaJIbHOH (rrope my0 depenrdarsiii. OH 00JagacT XOpOIINMH ca-
HUTAPHO-TUTUEHUYECKIUMH Ka4eCTBAMHU, YTO YBEIMUMUBACT €0 ICHHOCTh. Y YeHBIMH
nmokazaHo [13, 18-20, 24], yto myOoBBIE Jleca MOIOKUTENBHO BIUSAIOT HA 31I0POBBE
YCJIOBCKA. BI)IZIGJ]SICMBIG (I)I/ITOHHI/IZ[I)I HacChIaOT KPOBb KUCJIOPOAOM, YCIIOKauBaroT,
0IaroTBOPHO BIUSIOT HAa COH, a TAK)KE XapaKTePU3YIOTCS 3HAYUTEITHHON aHTHOAKTe-
pHaBHOM crtocoOHOCTHIO. [ly0 uepenrdarsiii BRICOKO JEKOPATUBEH 3a CUET MOIIHOM
KPOHBI, PE3HBIX JIHCTHEB, OKPALITUBAIOIINXCS B JKEJITHIN [IBET OCEHbBIO, JKEIY/ICH, 10-
SIBIISFOLIMXCS Ha BETKaX K KOHILY JIETa.

[o manHBIM psina yueHsIX [6, 10, 21], rpanuna apeana gy0da MpoxXoauT Mo Tep-
putopun Bonoroackoit o6macTi, HO OHa He SBISETCS CIIONTHONW. MOXXHO BCTPETUTh
OTACJIIBHBIC POIIH, C(bOpMI/IpOBaHHBIe BUJOM, WM €TI0 CAUHHUYHBIC 3K3CMIUISAPLI B
MOMMEHHBIX JiecaX. 37IeCh OH MpoM3pacTaecT (pparMeHTapHO Kak pedyruyMalibHbIC
pacTHUTENbHBIE TPYIITHPOBKH.

Lenp uccnenoBanus — 000OIICHUE OMBITA CTYIIEHYATOW WHTPOMYKIUH J1y0a
YepenryaTroro B yCIOBHIX CEBEPHOU arsioMepariiuy.
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Obvexmubl u Memoowbl UCCAEO0EAHUS

HcrounnkoM MCXOMHOTO MaTtepuaja Mpu aKKIUMaTU3allid TPUHUMACTCS Ce-
BEpHas rpaHUIla apealia pacteHui. [IpennoYTHuTeIbHBIMI YCIOBUSIMH JUIS BBIPAIITH-
BaHUS 1-TO TIOKOJICHUS KYJIETUBAPOB SIBJISTFOTCSI TEPPUTOPUHU TOPOIOB, Te hOpMUPY-
€TCsI T. H. OCTPOB TeIUIa. 32 CUET XKHUIIOH 3aCTPONKH, MOKPHITHIX aC(PaIbTOM U KAMHEM
JIOPOT, WHTEHCHBHOTO JBMKCHHS aBTOTPAHCIIOPTA, OOJBIIOrO YHCIA TMOA3EMHBIX
KOMMYHHKAIIUW U JAPYTUX (PaKTOPOB 3/1€Ch CO3/aeTCs 0COObI MUKpOKIMMaTt. B pe-
3yJbTaTe BO3IYX B TOPOJIE OKA3bIBACTCS HA HECKOIIBKO TpaxycoB (10 5 °C) Bhlie, yem
B IIPUTOPOJIE, CKOPOCTH BeTpa — MeHble Ha 10-20 %, B1a)kHOCTh BO3yXa — HUXKE, a
TasiHUE CHEra HAuWHAeTCs paHblie. BeipanuBaHnue WHTPOIAYIIEHTOB B ypOaHU3UPO-
BaHHBIX MPOCTPAHCTBAX SBIAETCA |- CTyneHbio MHTpomyKIuu. Cienyromee moKo-
JICHUE KYJIETHBAPOB 11€JIeCO00Pa3HO PAa3BOAMTH B YCIOBHUSX 3€JICHBIX 30H TOPOJIOB C
MMOCTAaHOBKOW TPOU3BOICTBEHHBIX OMBITOB. Kaxxmoe mocnemyomiee mokoJIeHne HHT-
POIYLIEHTOB MPUOIMIKACTCS K TPYIIIE MOHMKSHHOTO UHTPOIYKIIMOHHOTO CTpecca C
YBEJIIMYCHHEM MTOCEBHBIX KAY€CTB CEMSIH.

HccnenoBanne npoBoAMIIoch B Ipesesiax Bosorojickoi ceBepHo ariomepa-
uud. OHa XapaKTepu3yeTcsl YMEPeHHO KOHTUHEHTAIBHBIM KIIMMATOM C MOJIO0KHUTENb-
HBIM BOJHBIM OastaHcOM. 3UMHHN TIEPHO XOJIOAHBIA M MaJIOCHEXKHBIH ITPU HEYCTOM-
YUBOM PEIKUME TIOTOJIbI, €T0 NITUTEIBHOCTD cocTaBiusieT 162 mus. Camblil XOIOTHBIN
MECHIl STHBAph UMEET CPETHIOI TeMIieparypy Boszayxa —11,5 °C. AGCONFOTHBIN MU-
HuMyM — —47,1 °C. CHeXHBIN TTOKPOB TOCTUTAET B cpenHeM 36 cM. JleTHmi mepron
YMEPEHHO TEIUIbIA U BIaxHbId, 1auTcs 203 aus. CaMbIM KapKUM MECALEM SIBIISI-
€TCs UI0Th CO cpedHeit Temmeparypoit 16,9 °C. AbcomotHbit MuauMyM — 1,2 °C,
abcomoTHbI MakcuMyM — 34,5 °C. [IpogomKuTebHOCTh 0€3MOPO3HOTO TIeproa
cocrtasiser 116 quen.

B nacrosmuit MoMeHT 1y0 BeTpeuaeTcs Ha 14 00bekTax 001Iero moiab30BaHus
B Mpeaenax ropoAckoi uepTsl I. Bonorasl. 3nech OH MOABUICA B PE3yAbTaTe CTU-
XUHHON WHTPOMYKITUH, KOTJa Ui 03€JICHEHHUS 3TOTO HACEIEHHOTO IMyHKTa HCIOb-
30BaJICsl MOCAIOUYHBIN MaTepHall, MPUBE3CHHBIN U3 JIECOB HA TPaHUIIE ¢ SpOCIaBCKOH
00TacThIO WK U3 3alaIHBIX PaiioHOB Bomorockoit obmacTy.

OcHOBHas1 4acTh WCCIEAOBAHUA TPOBEAcHA Ha Tepputropun KpemiieBckoro
caga r. Bonorael, tae B nepuon ¢ 1924 mo 1929 rr. cymectBoBan borannueckuit
caJl, IPEBPAICHHBIN CO BpEMEHEM B MapK KyJAbTYphl M OTAbIXa. Ha ero Tepputo-
pHUU pacmonaraics aKKIMMaTU3aluOHHBIA YUYaCTOK C IPEBECHBIMU MOPOAAMHU, CPEAU
KOTOPBIX MPHUCYTCTBOBAIM JK3EMIUIIPHI 1y0a, MepeHeceHHbIe u3 JecoB | psa3oBerl-
koro u Yepemnosenkoro paitoHoB. MBI cunTaeM 3TO MOKOJICHUE HAYaIoM 1-if cTyrie-
HU WHTPOAYKIUHU Ty0a B TOPOJCKHE yCIIOBHS HA CEBEPHOM I'paHUIlE €ro apeana. 3a
CJICMYIONTYIO CTYIICHb MBI IPUHUMAEM PUTOPOTHYIO 3€JICHYIO 30HY, Ha TEPPUTOPUHT
KOTOPOI €CTh TPYIIIIOBBIE MMOCAIKH Ay0a, BhIpAIlIEHHBIC U3 CEMSH OT JiepeBbeB Kpem-
JIEBCKOTO Caja.

Pesynomamul uccnedosarus u ux oocysicoerue

[Iporpamma uccienoBanus BKIKOUaia U3yUYE€HUE 3UMOCTOMKOCTH U MOPO30Y-
CTOWYHMBOCTH, CE30HHOTO Pa3BUTHSA, PEIIPOAYKTUBHBIX CBOMCTB B TeueHue 10-ieTHe-
ro nepuoza. Ha oobexTax mpoBoanianchk heHoIornueckue HabaroACHuUS, B X0€ KOTO-
PBIX YCTaHABIMBAJIOCH BIUSHIE A0MOTHYECKUX W OMOTHYECKHX (DaKTOPOB BHEIITHEH
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cpenbl, 0COOCHHO Ha MPOIIECChI IIBETEHHS, OTBUICHHS, 00pa30BaHusI 3aBs3ei U co3pe-
BaHUs xkenyned. OTMEUYEeHO, UTO Iy0 Yepelrdarsiii MPOXOJUT BCE CTaUN CE30HHOTO
pasBUTHSA (CM. PUCYHOK).

Amperp | Mait | Iowp | Fioas | Asryer | Cemraopp | Oxrabps | Hosbps
Jlexkaaa

123 [4]s5]e6J7]8fofrofm]nafmn3[af15[t6e]17[18]19]20]21[2223]24

v uepewnamulii

Venoenvie 00o3Haverua

- TIOKOii - pacnyCKaHue JHCTEEB - [IBETCHHE
- [I0JTHOE - CO3peBaHIIe IUI0J10B - [IOJKeJITeHIIe
o0micTBeHNe I CeMAH H JIHCTOna

denonoruueckuii CHEKTp CE30HHOIO pa3BUTHSA yOa yeperndaroro B I. Bonorae

The phenological spectrum of seasonal English oak development in Vologda

Halyxanwue mouek u pacmyCKaHue JTUCTHEB IPUXOAUTCS Ha 1—2-10 IeKaIpl Mast
(B cpennem 945 mas). Temneparypusbiii mopor cocrasisier 12 °C. IlpumepHo yepes
Hezleno HaOmrofaeTcs pa3BepThIBaHNE JHUCThEB. [lomHOE OOMMCTBEHHME HACTyMaeT
1843 mas npu Temmneparype Onuzkoid k 15 °C. B koHue Masi oTMeuaeTcsi [IBETEHHE
(B cpemeM 30+4 Mast) Tpu HAKOIJICHUH aKTUBHEIX Temriepatyp 508,9+2,6 °C. I1po-
JIOJDKUTEIBHOCTD 3TOTO 3Tala Pa3BUTHS HE3HAYHTENbHas, okojo 8+1 aenn. OreH-
Ka MHTEHCUBHOCTH IBeTeHus 1o mmkane B.I. Kammepa cocrasuser 4 6amna. Cpoku
3alBETaHUS B 3HAYUTEIHLHON CTENEHM 3aBUCST OT MOTOAHBIX ycioBuil [4, 9]. Ilpu
TEIUION M CyXOH MOroJie M OTCYTCTBHM OCAJKOB JaHHAsI CTYNEHb Pa3BUTHS TOCTHIa-
€TCsl paHblile, HO €€ MIPOIODKUTENIbHOCTh MEHbILE, U HA000POT, IPU HU3KUX TeMIIe-
parypax M 3HAUUTEJIbHOM KOJIMYECTBE OCAJKOB 3allBeTaHHE OBIBACT MO3IAHEE M €ro
JUINTENTBHOCTH OOJIbLIE.

MaccoBoe co3peBaHUE IUIOMOB MPUXOAUTCS Ha 24+5 ceHTsiOps, 6amn mio-
JoHomeHus: — 3—4. Ypoxail skeny/iell OBTOPSETCS HE €XKEro/iHO, a uepe3 2—3 roja,
T. €. nepuoguuecku. IIpu 3tom 3a 10 ser ucciaen0BaHUA a0CONIOTHBIX HEYpOXKacB
(TTOTHOTO OTCYTCTBUS JKeny/el) He Habmonanoch. Bo 2-ii gekane ceHTsOps oTMe-
YEHBI TIOKEJITEHNE JIMCTHEB U JIMCTONA, KOTOPbIM AJIUTCS OO KOHLA OKTAOps. Bech
UK (DEHOJIOTHYECKOTO Pa3BUTHSI JIy0a 4eperrdaToro MpoXoAuT 0 YCTaHOBICHHUS
CcTaOMIJIBHBIX OTPHULATEIBHBIX TeMreparyp. IIpogomkuTeIbHOCTE BereTaliy COCTaB-
nset 158+6 nHeit, uto Ha 4 qHS MEHBIIE, YeM B yCIOBHIX I. MockBsI [12].

B 3enenoii 3oue Bonoroackoii armomepanuu ay0 yeperryaTslii Takke Mpoxo-
JIUT TOJTHBIH LIVKJI Pa3BUTHUS, PA3HUIIA B HACTYIUIEHUH (PEHOJIOrHYEeCKHX (ha3 ¢ ropos-
CKUMH YCJIOBHSIMU COCTABIACT 3—5 AHEH.

3MMOCTOMKOCTE M MOPO30YCTOMYMBOCTh JPEBECHBIX PACTCHUH SIBISIOTCS
BaXHEWITMMH TIOKA3aTEJIAMU JUIsI YCTAHOBJICHHS CTETIEHNW HANPSKEHHOCTH HUHTPO-
IyKuupoHHoro crpecca [21-23]. OT 3TuX XapaKTepUCTHK 3aBUCHUT CIIOCOOHOCTBH Jie-
peBa COXPaHATh JKU3HEHHYIO (DOpMY, IEKOPATHUBHOCTh, IPOTHUBOCTOSITH OOMEP3aHUIO
1-1eTHUX 1MoOEroB U T. 1.

3MMOCTOMKOCTh U MOPO30yCTOWYMBOCTD ONPEIEIISIIM BECHON, IIOCIIEe OKOHYa-
HUS MTO3IHUX BECEHHUX 3aMOPO3KOB. /111 3TOT0 MpOU3BOAMIN N3MEPEHHUS YaCTH BET-
BeH, MOJIY4MBIINX [TOBPEXKICHUS U3-3a HU3KUX TemIiiepatyp (Taom. 1).
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Ta6uuma 1

3UMOCTOIKOCTL U MOPO30YCTOHYHMBOCTD Jy0a Yepenr4aroro
B Bosioroackoii arsiomepauuu
The winter hardiness and frost resistance of English oak in the Vologda agglomeration

N Mopo30yCcTOHYHBOCTS,
OOBEKT CoxpaHeHne 3UMOCTOMKOCTh, OAJT/TIPOLICHT
o HHJIEKC 0OMep3aHust/Xxapak-
UCCIIEZIOBAHUS | JKM3HEHHOHN (POpMBI | 0OMep3anus |-JIeTHUX M0OeroB
TEPHUCTHKA

T'opon 11/40 0,5/cabo obmep3aer
ITpuroponnas | Coxpansercs

PHropon P /10 0,15/cmabo obmep3aeT
3eJIeHasi 30Ha

JKusnennas ¢opma gepeBa y nyda depenrdaToro B ycloBusiX Bonoroackoit
arioMepariid COXpaHIeTCs, BBICOTA B3POCHBIX pacTeHWH mocturaeT 16—20 M.
OpnHousieTHre no0Oeru ciaado o0OMep3aroT, PU ITOM MOBPEKICHUS HAOIIOAAITCS
TOJIKO B OCOOCHHO MOPO3HBIE 3WMBI, XapaKTEPU3YIOMNECs OTKIOHEHUSMH OT
TemIeparypHoi HopMbl. [Ipu cpaBHEHUU paCTEHUM B TOPOJCKON YEPTE U 3€JIE€HOU
30HE TOpOJIa OTMEYAeTCS MEHbIllee oOMep3aHue y JIepeBbeB 2-i HHTPOMYKIIMOH-
HOMW CTYNEHH.

UyBCTBUTEIILHOCTh K U3MEHEHHIO ()aKTOPOB BHEIIHEH CpPEIbl OMPEIEIsUIN 10
COCTOSTHHUIO (POTOCHHTETHUECKOTO armapara. OToop 00pa3IoB JUCTHEB IPOU3BOIMII-
Csl B MIOJIC M3 CPEAHEH YacTh KPOHBI, JINCThS CPasy AOCTABISUIUCH B J1a00OPATOPHUIO
JUTSI IPOBEICHHS aHanm3a (Taom. 2).

TabGuumna 2

Conep:kanue NUTMeHTOB (POTOCHHTE32 B JIUCThAX AY0a Yepeiyaroro
aJis1 Bosioroackoii arsiomepanuu
The content of photosynthetic pigments in the leaves of English oak
for the Vologda agglomeration

Conep:kanue, MI/T CBIPOTO Beca OrtHoleHHE
O0BexT Kapo- | Xiopo- xJtopodut
ICCITeTOBAHIIS 3HadeHue | Xyopo- | Xmopo- THH%H_ (I)I/IJI;)JI xstopohmint a 5 +(1})
¢wnn a | unn b xyopohuin b S
JIBI at+b KapOTUHOU/IBI
Coemee | 30 | 24 | 255 | 86+ 3.0+ 4.0+
pe 03 | 03 | 04 0,5 0,6 0,6
Topox Munn- 15 5 s 12 5,0 1,3 1,3
MaJIbBHOC
Maken- |05 | 39 | 51 | 96 7.5 73
MAJIBHOC
Coemmee | 38 | 2:6% | 255 | 88+ 33+ 4.0+
pex 03 | 03 | 04 0,5 0,6 0,6
[puroponnas | Munu- 3.7 0.5 13 5. 13 13
3¢JICHAas 30Ha MaJIBHOC
Maken- |0 | 36 | 54 | 105 7.5 73
MAJIBHOC

DddexTuBHOCTS HOTOCHHTE3a B OOJBIICH CTEINEHH 3aBUCHT OT COIEP-
JKaHUST XJIOPOPUIIOB @ U b, UX COOTHONICHUE CBHJACTEIHCTBYET O CTEMCHH
chopMUPOBAaHHOCTH ACCHMIISIITUOHHOTO amrapara U B JaHHOM CIIy4ae JICKUT
B BepxHel rpanune Hopmbl. Cojpepxanue xyopodmuia a 6ojee yeM B 2 pasa
BBIIIIE, YeM XJIOPO(UILIa b, 4YTO TOBOPUT O CBETONIOOMBOCTH Buaa. KonudyecTBo
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KapOTHHOUOB — MUTMEHTOB, BBIMOJHSIONIMX 3aIMUTHYI (YHKIHIO, — J0CTa-
TOYHO BBICOKOE, YTO MOKA3bIBAET XOPOIIYI MPUCTOCOOJICHHOCTh AEPEBBHEB K
HEeOIarompusATHEIM (pakTOpaM cpensl. B 1eoM ypoBeHb MUTMEHTOB B JIMCTHSIX
COOTBETCTBYET HOpME.

CrnenyromuM 3TaroM TPOIBIKEHUS WHTPOIYIICHTOB SIBISIETCS WX KYJIBTHBH-
pOBaHHE B NMPUTOPOJIHBIX 30HAX. PaboTa MpoBOIMIIACh Ha JEPEBBSIX, BhIPAIIICHHBIX
13 )Kemyne, coOpaHHbIX B KpeMIIeBCKOM cajly ¥ BRICA)KEHHBIX B ITPUTOPOIHOM 30HE.
B nacTosmmii MOMEHT uxX BO3pacT cocTarisiet 17 et. Beicota B cpemnem 5,3 £0,11 M,
nuametp ctBosia — 9 £0,25 cm. [lnogonomenue Hadmonaercs ¢ 15 ner, 6an nBere-
HUSA U IUIOOHOILIEHUS — 2—3. BakHbIM MOKa3aTeseM HaTypaau3aluy pacTeHUH Moj
BIIUSIHUEM MHTPOIYKIIMOHHOTO CTPECCa SIBISCTCS HATNYKE TIOTHOLICHHBIX CeMsH [7,
11, 15]. COop xemyzeit aist aHaIM3a OCYIIECTBISIIIN OCEHBIO C 3€MIIH, CO 2-1 JAeKaIbI
ceHTs0ps (Tab. 3).

Tabnumna 3

BuoMeTpuyeckue Moka3aTesiu ceMsiH 1y6a yepemryaroro B Bosioroackoii arnmomepanuu

The biometric indicators of English oak seeds in the Vologda agglomeration

Obwexr [Tokazarens | dnuHa, MM Tomuuna, | Hlnpusa, O06BeM, MM3 Macca
HUCCIIEIOBAHNS MM MM 1000 ., T
Musn- 15 11 11 1815 2254
MAJIBHOC
Topox Mawen | 29 18 18 9396 5692
7724,9+ 3871+
Cpemnee |25,2+0,56 | 15,3+0,24 | 15,2+0,18 196,12 498,03
Musin- 17 13 13 2873 24297
MaAJIBHOC
Hpuroponuas | - Maxcn- 33 20 20 13200 65892

3CJICHaA 30Ha MaJIbHO€

8009,6+ 4553,97+
263,07 552,93

Cpeonee no apeany| 13-36 11-12 11-12 - 3000-4000

Cpentee |27,7+0,44 | 16,8+0,20 | 16,8+0,20

B ycnoBusix . Bonorasl y ny6a uepenryatoro ¢popMHUpYyIOTCS MOJTHOLICHHbIE
CEeMEeHa, KOTOpBhIE€ MMEIOT JOCTAaTOYHYIO I TIOJY4YeHHS CEeMEHHOTO Marepuaia
BCX0XKECTb.

bruomerpuueckue mokaszarenn CeMsH COOTBETCTBYIOT BHUIOBBIM OCOOEHHO-
CTSIM M HaxoAasTcsd B TpaHunax HopMmbl. Macca 1000 mT. ceMsiH HECKOJIBKO BBILIE,
YeM B LIeJIOM 1o apeaiy, — Ha 12-34 %. DTo cBUIETENbCTBYET O KAUECTBE CEMEHHO-
ro Marepuana. CpaBHHBas JaHHBIE JUIS 3€JICHON 30HBI C JAaHHBIMH 1715 T. Bomormpl,
TaKke 0TMEYaeM, 4TO CpPeJHHUE pa3Mepsl U Macca ceMsH Bbimie Ha 9—10 u 15 % co-
OTBETCTBEHHO.

BexokecTs xenyaed onpenensuin Ha 4 TpoOHBIX 00pas3iax MeTOAOM Mpo-
paliMBaHMs BO BJIAXXHOM IeCKe. DHEPIrusl MpopacTaHus MOACUNTHIBAJIACh Ha 7-1
JICHb UCIIBITAHUS, a BCXOXKECTh — Ha 14-i naeHb. [nsa ycranoBinenus gobpokade-
CTBEHHOCTH KEJIYIH pa3pe3alii Ha 2 4aCTH U BU3yaJIbHBIM ITyTE€M OLIEHMBAJIH CO-
CTOSIHME 3apO/IbIllia U SHA0CIEPMa, BHEIIHENW U BHYTPEHHEH TOBEPXHOCTEM ceMsi-
nosieit (tabdm. 4).



ISSN 0536-1036 «HM3BecTus By30B. JlecHoii skypHam». 2025. Ne 3 211

Tab6uuna 4

KauectBo kenyaeii 1ydoa yepemuaroro B Bosioroackoii arnomepanun
The quality of English oak acorns in the Vologda agglomeration

OOBeKT uccnenoBaHus Sneprus o Bexoxects, % I[O6p0Ka‘Ie(;TB€H- Krace
npopactanus, % HOCTb, % KauyecTBa
Topon 72 93 93 1
IIpuroponnas 3enenas ]] 96 08 1
30Ha

Pe3ynbrarh! OLIEHKH CIIOCOOHOCTH Ay0a 4eperdaToro u3 pa3HbelX MECT IIPOU3-
pacTtaHud naBaTb CEMCHHOC IMOTOMCTBO HAIIAIHO ICMOHCTPUPYIOT, UTO ITOKa3aTCJIn
HCCHYHGIZ, IMMOJIYYCHHBIX OT MHTPOAYLUCHTOB 1-ro TTOKOJICHU A, HUXKC 11O CPABHCHHIO C
CEMEHaMH OT JIEPEBHEB 2-TO MOKOJICHUS. DHEPTHUs MPOPACTAHUS JKETYACH U3 3ETICHON
30HBI BhIe Ha 11 %. Bce maptun B nMpoBeeHHOM HCCIIEIOBAHUN COOTBETCTBYIOT
1-my knmaccy xadectBa. BexoxkecTs M 10OpOKaueCTBEHHOCTh B TOPOJICKOM YepTe TaK-
K€ HECKOJIBKO YCTYIaroT IPUTOPOAHBIM TTocaakaM — Ha 3—5 %.

JlaHHBIE CBUIETENIBCTBYIOT O TOM, YTO C KaXIbIM ITOCJICAYIOIINM ITOKOJICHHEM
pacTeHus NpuOIMKAIOTCS K TPYIIIE C TOHMKEHHBIM HHTPOLYKLIMOHHBIM CTPECCOM.

Jlanee m3ydeHbI cesHIIBI, BhIpaIIeHHbIe U3 kemyned. [laptus cemsH Obiia
paszeneHa Ha 3 TPyNIbl: KPyNHbIE, cpenHue U Menkue. OCeHbIO B OTKPBITBIN I'PYHT
MIPOM3BEICH TTOCEB, OCEHBIO CIEAYIOLIETO ToAa OmpezeseHsl MOp(hoMeTpruIecKue
nokaszarenu cesHues (Tabm. 5). [IpoaHamn3npoBaHO OTHOIIEHHE KPYMHOCTH CEMSH
U pocta nmotomcTna [17].

TabGuuna 5

MopdomeTpudeckune mokasaresin 1-J1eTHUX cestHIEB Ay0a Yepemr4yaToro
The morphometric parameters of 1-year-old English oak seedlings

Pa3mep cemsin Beicora nobera Jluamerp wietiicu
BcexoxecTs KOpHS
ceMsiH, %
XapaKTEepUCTHUKA _JUIHE, MM CPEAHAA ’ cM % MM %
LIMPUHA, MM | Macca, T
28-33
Kpymasre 17220 5,3 96 13,64+1,03 | 141 | 4,80+0,25 | 129
22-27
Cpennue 1517 4,5 99 14,70+1,02 | 152 | 5,14+0,21 | 138
17-21
Mernkue 13_14 2,8 92 9,65+0,44 | 100 | 3,72+0,16 | 100

OT60p ceMmsH 1O MOPHOMETPUICCKUM TTapamMeTpaM oKaszayics HedP(HEeKTHB-
HbIM. [IpogyKTHBHBIE CBOWICTBA CPETHUX IO Pa3MepaM CEMSH BBIIIE, YEM KPYITHBIX.
[Tono6HbBIE BBIBOBI paHee yKe ObIIIN MOTyUYeHbl YUeHBIMU [16]: y caMbIX KPYTHBIX
CeMSsIH yIeNbHBIH BeC CHMXKAETCA, T. K. OHU UMEIOT OoJiee PBIXJIOe CTPOCHHE U T10-
BBIILIEHHOE COJepKaHHUE BO3AyXa B 00osoukax. B aToM 3akiouaercst oJjHa U3 MpH-
YHH TOTO, YTO CaMble KPYMHbIC CEMEHA WHOT/IA YCTYNAIOT MEHBIINM IO YPOXKaiHO-
ctu. [enenue Ha Gpakuuu JeHCTBEHHO TOJIBKO Ul yAaJCHUS MEIKUX CEMSH.
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Saxnouenue

B xozme cpaBHHTENBHOTO aHAIM3a 2 MOKOJCHHH Ty0a 4epenrdaToro yCTaHOB-
JICHO, YTO TIO PSITy MapaMeTPOB JIEPEBbsl 2-TO TOKOJICHHSI MPEBBIIIAIOT MATOUHBIC.
CoBpeMeHHbIE KIMMATHYECKHE XapaKTePUCTUKU CEBEPHOU ariioMepaidd COOTBET-
CTBYIOT CE30HHOMY PUTMY JAPEBECHOI MOPOIbI, KOTOPAsi MPOXOJHUT IMOJTHBIA LUKII
pa3BUTHA. 3UMOCTOHKOCTE BBICOKast — II 6aimi, coxpansieTcs Ku3HeHHast popma mae-
peBa, a oOMep3anue 1-IeTHUX MOOEroB HaxonuTcs Ha ypoBHe He Oomee 40 % ux
JUTMHBI U JIMIIb B aHOMAJIbHBIC 3UMBI, IIPH 3TOM y HHTPOIYLIEHTOB 2-i CTyrneHu 00-
Mep3aanue ke (10 10 %). KomraectBo poTOCHHTETHUECKIX MTUTMEHTOB CBUICTEITb-
CTBYET O BBICOKOW CTEMICHU aKKJIMMATH3aluy Buaa. M eciu y MaTO4HBbIX pacTeHHH
HEKOTOpbIE IMOKA3aTeNd HAXOMSATCS Ha TPAaHUIE HOPMBI, TO Yy 2-TO TIOKOJCHUS —
B onTHMyMe. buomerpuyeckue mapamMeTpbl U KaueCTBEHHbIC MOKA3aTEeNN JKeIyaen
2-ro MOKoJIeHHUsT OoJIbIe. DTO MO3BOISIECT PEKOMEHIOBATh UX JJISl TOTYUYCHUS CesH-
LIEB B LIEJIAX JajbHEWIEero NpoABUKEHUs BUJla B ceBepHble ycioBus. [Ipu nocese
CJIelyeT OT/IaBaTh MPEANOUYTCHHE CEMEHAM CPEHEH M KPYITHON (paKIfuid.

Lenecoobpa3Ho jnanbHEHIIee MPOABIMKCHUE Jyda Uepenrdatoro B CeBepHbIC
PETHOHBI ITyTEM BKITIOYCHUSI B TOPOJCKHE 3€JICHBIC HACAXKICHUS U 3eJICHBIC 30HbI I'0-
POJIOB.
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