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Bitter Substances in the Hop Lupulin
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Aim. To investigate the quantity and structure of Į-, ȕ-acids and xanthohumol in lupulin grains of different
hop varieties that essentially differ in these biochemical indexes, and also the presence of the substances both
in staminate racemes and in the leaves. Methods. High performance liquid chromatography (HPLC), up-todate physical-chemical methods of hop quality indicators’ de¿nition, special and standard in the hop-growing
branch, were applied. Results. It was stated that lupulin of aroma and bitter varieties contains various quantity
of Į- and ȕ-acids. Therefore, the ratio of Į- to ȕ-acids in aroma hop varieties is above one (1), whereas in
varieties of bitter type this ratio is much lower than one (1). No correlation between the quantity of lupulin
and the contents of Į- and ȕ-acids was found. It was noted that the color of lupulin depends upon the quantity
of xanthohumol. Conclusions. The performed tests give evidences on lupulin glands are located on anthers
of staminate racemes and on the leaves as well, though in much less quantity and less educed. It was found
that the quantity and structure of bitter substances in lupulin grains from selection varieties does not depend
upon lupulin content in hop cones, but it is a grading factor. Lupulin from the staminate racemes received from
various plants essentially differs in quantity of Į- and ȕ-acids. This fact is of key importance for pair selection.
In petal glands on the leaves of a hop plant bitter substances are represented only by ȕ-acids, mainly lupulone
and adlupulone.
Keywords: bitter substances, lupulin grains, xanthohumol, Į-acids, ȕ-acids, staminate racemes.

INTRODUCTION
Because of the presence of approximately 100 bitter
substances, also more than 320 components of essential oils and 70 substances of polyphenolic compounds
and almost 20 prenylated Àavonoids in the hop cones,
this culture plant is an irreplaceable raw material for
the beer production. Furthermore, the hop cones are
widely used in perfume, baking industries and medicine. At the moment more than 100 complex medicines
include the hop or its components. But the main consumer of hop (more than 90 per cent) is the brewery
industry. The unique bitter substances never found in
any other plant, essential oil and polyphenols of hop
provide to beer the typical bitter taste and aroma, cause
puri¿cation and foam formation, also increase biological and colloidal storability of this beverage [1].
It is known that the bitter substances, essential oil and
prenylÀavonoids of hop are synthesized and accumulated in the lupulin glands (peltate trichomes) located
on the inner side of the hop cones’ perulas, and also at
the ovary and cone’s spindle. Lupulin glands are multicellular hairsprings formed from the cells of epidermis.
Peltate trichomes synthesize the biologically active
materials exuded under the cuticle. As long as the peltate glands are greatly ¿lled with bitter substances, es20

sential oil and xanthohumol, lupulin begins to accumulate. Depending on the ripeness of cones and weather
conditions they have various forms, are sticky by touch
and become of gold yellow color.
The lupulin glands are also located on the anthers
of staminate racemes,while on leaves they are considerably less in number and are also less developed.
Therefore, quantity and state of lupulin is one of the
important organoleptic indices of the hop cones’ quality [2].
The brewing value of hop and its products are determined by the quality properties of the hop variety: the
biochemical composition of bitter substances and essential oil, harvesting periods, processing technology and
conditions, also standard rates and ways of application to
wort. It is known, the varieties of hop are distinguished
not only by the Į-acids content, but also ȕ-acids, essential
oil and polyphenols concentration at the rate of 1 g of
Į-acids.
Since 1990 many scientists in various countries pay
considerable attention to the exploration of hop’s prenylated Àavonoids, which are extremely active biologically, in particular, anticarcinogenic, phytoestrogen,
antioxidant, antimicrobial and antiviral properties [3,
4]. It is known that hop’s prenylÀavonoids include
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Fig. 1. Lupulin bitter substances chromatogram
for the ¿ne-aroma variety Slovianka: X-axis:
bitter substances components yield time (min),
Y-axis: signal scope (mAU)

Fig. 2. Lupulin bitter substances chromatogram
for the bitter variety Alta: X-axis: bitter substances components yield time (min), Y-axis:
signal scope (mAU)

Fig. 3. Lupulin bitter substances chromatogram
for the variety Ruslan: X-axis: bitter substances
components yield time (min), Y-axis: signal scope (mAU)

more than 20 compounds: xanthohumol, 6-prenylnaringenin, 8-prenylnaringenin, 6-geranilnaringenin, dysmethilxanthohumol, dehydrocycloxanthohumol and
others. As Stevens et al. [4] state, xanthohumol is of

the greatest value, its content composes 80-90 per
cent of the prenylchalcones’ overall mass in the hop.
The presence of xanthohumol in the hop cones is established in 1967. However, as this connection was
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in the fraction of hard resins considered undesirable
among the bitter substances in the beer production, it
was not given an adequate consideration and practically not investigated.
The anticarcinogenic properties of xanthohumol
were reported for the ¿rst time in 1998 at the conference of the American Toxicology Society in Seattle
by researchers from the Oregon University. It is very
ef¿cient during the treatment of the diseases caused
by fungi, staphylococci, streptococci, also the viruses
of herpes and hepatitis. Xanthohumol is also studied
as potential anticarcinogenic agent [5í7]. During the
biological tests it proved to be the most active connection among prenylÀavonoids, especially as for the
inÀuence on the cancerous cells in the patients with
cancer of the large intestine, mammary gland, ovaries,
prostate and blood, at the same time no inÀuence on
healthy cells was stated. Stevens and Miranda investigated that xanthohumol suppresses the cancerous cells
of mammary gland 200 times more active in comparison to resveratrol contained in red wine [4, 6, 7]. The
anticarcinogenic action of xanthohumol is explained
with its antioxidant properties. This very agent activates the ferments impeding a tumor growth, also destroys cancerous cells and stunts control metastases
increase [7, 8].
Co-author of this article, M. I. Liashenko, investigated for the ¿rst time a quantity of xanthohumol in various domestic varieties of hop, and also its accumulation
in the process of cones’ forming and ripening in the
beginning of 1980s. The xanthohumol concentration
in the hop cones depends on its variety and normally
is from 0.2 per cent to 1.6 per cent. For the domestic
hop varieties Ruslan, Xanta, and Chaklun the quantity
of the agent is within 1.0í1.6 per cent, whereas the
foreign varieties – German Taurus and Czech Agnus –
demonstrate maximally 1.0 per cent.

During wort pitching xanthohumol is converted into
isoxanthohumol. Therefore, the latter considerably exceeds xanthohumol in the beer. The use in the brewing
of the hop varieties with Į-acids carbonic acid extracts
high content, where there is practically no xanthohumol, leads to a decrease of this valuable for the human
organism agent in the beer.
The correlation between the quantity of lupulin glands
on the bracteal perulas of the hop cones and total number
of bitter substances was established earlier [9].
The aim of this research consisted in the study of
the quantity and qualitative composition of Į-, ȕ-acids
and xanthohumol into the lupulin of the hop cones for
particular varieties essentially differing by these biochemical qualitative indexes and by their presence in
the staminate racemes and leaves.
MATERIALS AND METHODS
The research was conducted in the certi¿ed laboratory of the Hop and Beer Biochemistry Department in the
Institute of Agriculture of Polissia, NAAS of Ukraine
(hereinafter referred to as the Institute).
The contemporary physical-chemical methods of the
hop qualitative estimation, both specially designed and
common for the hop-growing according to DSTU
4099: 2009 Hop.; the sampling rules and the testing
techniques [1, 10], and also mathematical-statistical
methods involving the dispersion and correlationregression analyses for the authenticity evaluation
of the obtained results were applied in the current
research.
The hop samples of the aromatic and bitter varieties
grown in the test ¿eld of the Institute were analyzed.
The hop samples of each variety were selected in the
industrial dead-ripe stage, not less than from 10 bushes
within the middle canopy of plants, according to the ef-

Table 1. Lupulin Bitter Substances Content in Hop Cones of Both Aroma and Bitter Varieties
Parameter
Cohumulone, %
Humulone + adhumulone, %
Į-acids, %
Cohumulone as part of Į-acids, %
Colupulone, %
Lupulone + adlupulone, %
ȕ-acids, %
Colupulone as part of ȕ-acids, %
ȕ-acids:Į-acids
Į- ɿ ȕ-acids in total, %
Į-acids ratio to Į- and ȕ-acids amount, %
Xanthohumol, %
22

Hop Variety
Klop 18 Slovianka Serebrianka Zahrava

Promin Ruslan

Alta

Mahnum

3.3
14.3
17.6
23.3
8.9
11.2
20.1
44.3
1.14
37.7
46.7

3.7
12.3
16.0
23.1
17.2
20.8
38.0
45.3
2.38
54.0
29.6

4.9
18.5
23.4
20.9
10.6
15.4
26.0
40.8
1.11
49.4
47.4

6.1
20.2
26.3
23.2
14.1
17.9
32.0
43.9
1.21
58.4
45.2

9.4
27.5
36.9
25.5
10.4
9.9
20.3
51.2
0.55
57.2
64.5

11.2
19.6
30.8
36.2
13.0
9.4
22.4
58.0
0.73
53.2
57.9

8.5
24.8
33.3
25.6
6.1
6.3
12.4
48.8
0.37
45.7
72.9

11.0
27.4
38.4
28.6
7.4
8.2
15.6
47.4
0.41
54.0
71.1

1.13

1.88

1.41

1.57

1.72

3.0

0.65

1.16
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fective regulation [10]. The average sample mass for
identi¿cation and biochemical studies is equal to at least
1 kg of dry hop. The hop samples were dried to standard
humidity of 9í12 per cent.
Pure hop lupulin was obtained by the screen separation of the industrially ripe cones’ petal mass through
the 0.25 mm-meshes sieve; while the mixture of pollen
and lupulin was obtained from the staminate racemes.
The content and composition of Į -, ȕ-acids and xanthohumol were determined by the method of high performance liquid chromatography [1, 10].
RESULTS AND DISCUSSION
The content and qualitative composition of bitter
substances and xanthohumol in lupulin for both the
aromatic and bitter hop varieties are determined. Lupulin bitter substances and xanthohumol chromatograms
for ¿ne-aroma variety Slovianka, bitter one – Alta and
high xanthohumol bitter-aroma variety Ruslan are represented in Fig. 1í3.
The basic components of bitter substances are Įand ȕ-acids. On the chromatograms Į-acid are represented with the summation of cohumulone, humulone
and adhumulone; whereas ȕ-acid – with colupulone,
lupulone and adlupulone. The given chromatograms
prove the fact that the lupulin in the aroma variety
Slovianka demonstrates considerably higher peaks
of ȕ-acids components than the same Į-acids compounds, whereas the lupulin in the bitter variety Alta
has more Į-acids, on the contrary. Furthermore, on the
chromatogram of the lupulin in the variety Ruslan the
xanthohumol highest peak is observed among the given chromatograms, together with increased content of
cohumulone in the Į-acids compounds and colupulone in ȕ-acids.
A quantity and composition of the lupulin bitter substances in the hop cones of both aroma and bitter varieties are given in Table 1.
It has been previously established that a Į-acids quantity varies from 1 per cent to 18 percent, and ȕ-acids –
from 2 per cent to 12 per cent [1, 2] depending on the
selective variety of hop. This gives evidences on the
fact that the Į-acids quantity in the lupulin of the aroma varieties of hop is considerably less (14.3í26.3 per
cent) in comparison with the bitter varieties (30.8í38.4
per cent), whereas ȕ-acids quantity is more in the lupulin of aroma varieties: 20.1í38.0 per cent, while
12.4í22.4 per cent in the bitter varieties, on the contrary. For this very reason the ratio of ȕ-acids quantity to Į-acids in the aroma varieties is more than one,
whereas in bitter varieties it is considerably less. The
Į-acids portion in the total amount of Į- and ȕ-acids
varies within 29.6í72.9 per cent depending on selective variety in the investigated lupulin. Thus, it is impossible to forecast the Į- and ȕ-acids content on the
lupulin quantity. For example, in the variety Aromat
Polissia the cones contained a signi¿cant quantity of

lupulin in some years, however, the Į-acids content
could be not more than 2 per cent.
The study of Į- and ȕ-acids composition showed that
the portion of cohumulone in Į-acids and colupulone
in ȕ-acids considerably varies and serves as a grading
factor. Thus, Į- and ȕ-acids de¿nite content and qualitative composition are one of the basic biochemical indices of both brewing value and hop selective varieties
identi¿cation.
For the ¿rst time the xanthohumol quantitative content in the lupulin of different varieties was analyzed by
the method of highly effective liquid chromatography.
It was established that depending on variety its quantity varies from 0.65 per cent in Alta to 3.0 per cent in
Ruslan. Since xanthohumol is rich yellow, its portion in
lupulin varies lupulin color from light-yellow to gold
yellow.
The bitter substances in the pollen and lupulin mixture of the hop staminate racemes were also investigated. As a result, it was stated that Į- and ȕ-acids quantity and their content in various plants differ essentially
(Table 2).
Thus, an Į-acids portion in the studied plants varied
from 0.22 per cent to 5.14 per cent, ȕ-acids – from 0.34
per cent to 5.63 per cent, cohumulone portion as a part
of Į-acids increased almost twice (22í44 per cent),
Table 2. Į- and ȕ-acids Contents in Hop Staminate
Racemes (Pollen and Lupulin Mixture), %
Content, %
Plant
Number

Į-acids

ȕ-acids

Cohumulone
as part
of Į-acids

Colupulone
as part of
ȕ-acids

22-52
Ⱥ-224
4-25
4-26
Ⱥ-225

0.22
1.18
2.14
3.27
5.14

0.34
0.52
1.28
2.32
5.63

41.0
34.0
22.0
31.0
34.0

68.0
54.0
32.0
50.0
41.0

Table 3. ȕ-acids Content in Lateral Branches Leaves
of Hop

Hop Variety

Klon 18
Slovianka
Zhytran
Zmina
Haydamatskyi
Poliskyi
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ȕ-acids,
ȕ-acids, Content, %
1 mg per
100g of Dry
Lupulone +
Colupulone
Substance
Adlupulone
9.8
32.1
140.7
57.3
55.0
9.8

21.4
28.0
26.7
28.0
32.9
21.4

78.6
72.0
73.3
72.0
67.1
78.6
23
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and colupulone as part of ȕ-acids was 32 per cent to
68 per cent. Thus, it is necessary to consider the results
of these explorations during the pair selection for the
breeding.
In leaf glands of hop only ȕ-acids were reported;
however, their quantity considerably varied depending
on the selective variety (Table 3).
It results from Table 3 that ȕ-acids quantity greatly
differs in lateral branches leaves of the different hop
varieties. The highest content of ȕ-acids was reported
in the leaves of the aroma variety Zhytran, while the
least – in the varieties Klon 18 and Poliskyi. It should
be noted that the ȕ-acids content is relatively constant
in the leaves with the tangible advantage of lupulone
and adlupulone over colupulone.
CONCLUSIONS
The quantitative content and composition of Į-,
ȕ-acids and cohumulone in the lupulin from particular
varieties does not depend on its content in the hop
cones, though it is a grading factor at the same time.
Į- and ȕ-acids account for almost half of the lupulin
mass.
The lupulin from the Ruslan variety contains the
highest rate of xanthohumol among all tested samples.
The lupulin in the staminate racemes obtained from
various plants essentially differs in Į- and ȕ-acids
content. The rate of cohumulone in the composition of
Į-acids and colupulone in ȕ-acids essentially changes
in the separate plants, just as into the hop cones lupulin.
The bitter substances in the hop leaves glands are
represented only with ȕ-acids, moreover lupulone and
adlupulone in essence.
Ƚɿɪɤɿ ɪɟɱɨɜɢɧɢ ɥɭɩɭɥɿɧɭ ɯɦɟɥɸ
Ɇ. ȱ. Ʌɹɲɟɧɤɨ, Ʌ. ȼ. ɉɪɨɰɟɧɤɨ,
Ɋ. ȱ. Ɋɭɞɢɤ, Ɉ. ȼ. ɋɜɿɪɱɟɜɫɶɤɚ
e-mail: mikola_lyashenko@mail.ru
ȱɧɫɬɢɬɭɬ ɫɿɥɶɫɶɤɨɝɨ ɝɨɫɩɨɞɚɪɫɬɜɚ ɉɨɥɿɫɫɹ ɇȺȺɇ
ɒɨɫɟ Ʉɢʀɜɫɶɤɟ, 131, ɀɢɬɨɦɢɪ, ɍɤɪɚʀɧɚ, 10007
Ɇɟɬɚ. ȼɢɜɱɢɬɢ ɤɿɥɶɤɿɫɧɢɣ ɬɚ ɹɤɿɫɧɢɣ ɫɤɥɚɞ Į-, ȕ-ɤɢɫɥɨɬ
ɿ ɤɫɚɧɬɨɝɭɦɨɥɭ ɭ ɥɭɩɭɥɿɧɿ ɲɢɲɨɤ ɫɨɪɬɿɜ ɯɦɟɥɸ, ɹɤɢɣ
ɫɭɬɬɽɜɨ ɪɿɡɧɢɬɶɫɹ ɡɚ ɰɢɦɢ ɛɿɨɯɿɦɿɱɧɢɦɢ ɩɨɤɚɡɧɢɤɚɦɢ
ɹɤɨɫɬɿ ɬɚ ʀɯɧɶɨɸ ɩɪɢɫɭɬɧɿɫɬɸ ɜ ɬɢɱɢɧɤɨɜɢɯ ɫɭɰɜɿɬɬɹɯ
ɿ ɥɢɫɬɤɚɯ. Ɇɟɬɨɞɢ. ȼɢɤɨɪɢɫɬɚɧɨ ɜɢɫɨɤɨɟɮɟɤɬɢɜɧɭ ɪɿɞɢɧɧɭ ɯɪɨɦɚɬɨɝɪɚɮɿɸ, ɫɭɱɚɫɧɿ ɮɿɡɢɤɨ-ɯɿɦɿɱɧɿ ɦɟɬɨɞɢ ɜɢɡɧɚɱɟɧɧɹ ɹɤɿɫɧɢɯ ɩɨɤɚɡɧɢɤɿɜ ɯɦɟɥɸ, ɫɩɟɰɿɚɥɶɧɿ ɬɚ ɡɚɝɚɥɶɧɨɩɪɢɣɧɹɬɿ ɜ ɯɦɟɥɹɪɫɶɤɿɣ ɝɚɥɭɡɿ. Ɋɟɡɭɥɶɬɚɬɢ. ȼɢɡɧɚɱɟɧɨ, ɳɨ ɥɭɩɭɥɿɧ ɚɪɨɦɚɬɢɱɧɢɯ ɿ ɝɿɪɤɢɯ ɫɨɪɬɿɜ ɦɿɫɬɢɬɶ
ɪɿɡɧɭ ɤɿɥɶɤɿɫɬɶ Į- ɿ ȕ-ɤɢɫɥɨɬ. Ɍɚɤ, ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ȕ- ɞɨ
Į-ɤɢɫɥɨɬ ɜ ɚɪɨɦɚɬɢɱɧɢɯ ɫɨɪɬɚɯ ɫɬɚɧɨɜɢɬɶ ɛɿɥɶɲɟ ɨɞɢɧɢɰɿ, ɬɨɞɿ ɹɤ ɭ ɫɨɪɬɚɯ ɝɿɪɤɨɝɨ ɬɢɩɭ ɜɨɧɨ ɡɧɚɱɧɨ ɦɟɧɲɟ.
Ɂɚɥɟɠɧɨɫɬɿ ɦɿɠ ɤɿɥɶɤɿɫɬɸ ɥɭɩɭɥɿɧɭ ɬɚ ɜɦɿɫɬɨɦ Į- ɿ ȕɤɢɫɥɨɬ ɧɟ ɜɢɹɜɥɟɧɨ. ȼɿɞɦɿɱɟɧɨ, ɳɨ ɡɚɛɚɪɜɥɟɧɧɹ ɥɭɩɭɥɿɧɭ
24

ɜɢɡɧɚɱɚɽɬɶɫɹ ɤɿɥɶɤɨɫɬɸ ɤɫɚɧɬɨɝɭɦɨɥɭ. ȼɢɫɧɨɜɤɢ. Ɂ ɩɪɨɜɟɞɟɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɜɢɩɥɢɜɚɽ, ɳɨ ɥɭɩɭɥɿɧɨɜɿ ɡɚɥɨɡɤɢ
ɩɪɢɫɭɬɧɿ ɬɚɤɨɠ ɧɚ ɩɢɥɹɤɚɯ ɬɢɱɢɧɤɨɜɢɯ ɫɭɰɜɿɬɶ, ɧɚ ɥɢɫɬɤɚɯ ʀɯ ɡɧɚɱɧɨ ɦɟɧɲɟ ɿ ɜɨɧɢ ɦɟɧɲ ɪɨɡɜɢɧɟɧɿ. ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɜɦɿɫɬ ɿ ɫɤɥɚɞ ɝɿɪɤɢɯ ɪɟɱɨɜɢɧ ɭ ɥɭɩɭɥɿɧɿ ɫɟɥɟɤɰɿɣɧɢɯ
ɫɨɪɬɿɜ ɧɟ ɡɚɥɟɠɢɬɶ ɜɿɞ ɣɨɝɨ ɤɿɥɶɤɨɫɬɿ ɭ ɲɢɲɤɚɯ ɯɦɟɥɸ,
ɚ ɽ ɫɨɪɬɨɜɨɸ ɨɡɧɚɤɨɸ. Ʌɭɩɭɥɿɧ ɭ ɬɢɱɢɧɤɨɜɢɯ ɫɭɰɜɿɬɬɹɯ,
ɨɞɟɪɠɚɧɢɣ ɡ ɪɿɡɧɢɯ ɪɨɫɥɢɧ, ɫɭɬɬɽɜɨ ɪɿɡɧɢɬɶɫɹ ɡɚ ɤɿɥɶɤɿɫɬɸ ɬɚ ɹɤɿɫɧɢɦ ɫɤɥɚɞɨɦ Į- ɿ ȕ-ɤɢɫɥɨɬ, ɳɨ ɦɚɽ ɜɚɠɥɢɜɟ
ɡɧɚɱɟɧɧɹ ɭ ɫɟɥɟɤɰɿɣɧɨɦɭ ɩɪɨɰɟɫɿ ɩɪɢ ɩɿɞɛɨɪɿ ɩɚɪ ɞɥɹ
ɫɯɪɟɳɭɜɚɧɧɹ. ɍ ɡɚɥɨɡɤɚɯ ɧɚ ɥɢɫɬɤɚɯ ɯɦɟɥɸ ɝɿɪɤɿ ɪɟɱɨɜɢɧɢ ɩɪɟɞɫɬɚɜɥɟɧɿ ɥɢɲɟ ȕ-ɤɢɫɥɨɬɚɦɢ, ɜ ɨɫɧɨɜɧɨɦɭ, ɥɭɩɭɥɨɧɨɦ ɿ ɚɞɥɭɩɭɥɨɧɨɦ.
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɝɿɪɤɿ ɪɟɱɨɜɢɧɢ, ɥɭɩɭɥɿɧ, ɤɫɚɧɬɨɝɭɦɨɥ,
Į-ɤɢɫɥɨɬɢ, ȕ-ɤɢɫɥɨɬɢ, ɬɢɱɢɧɤɨɜɿ ɫɭɰɜɿɬɬɹ.
Ƚɨɪɶɤɢɟ ɜɟɳɟɫɬɜɚ ɯɦɟɥɹ
ɇ. ɂ. Ʌɹɲɟɧɤɨ, Ʌ. ȼ. ɉɪɨɰɟɧɤɨ,
Ɋ. ɂ. Ɋɭɞɢɤ, Ɉ. ȼ. ɋɜɢɪɱɟɜɫɤɚɹ
ɂɧɫɬɢɬɭɬ ɫɟɥɶɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ ɉɨɥɟɫɶɹ ɇȺȺɇ ɍɤɪɚɢɧɵ
ɒɨɫɫɟ Ʉɢɟɜɫɤɨɟ, 131, ɀɢɬɨɦɢɪ, ɍɤɪɚɢɧɚ, 10007
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ɐɟɥɶ. ɂɡɭɱɢɬɶ ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɢ ɤɚɱɟɫɬɜɟɧɧɵɣ ɫɨɫɬɚɜ
Į-, ȕ-ɤɢɫɥɨɬ ɢ ɤɫɚɧɬɨɝɭɦɨɥɚ ɜ ɥɭɩɭɥɢɧɟ ɲɢɲɟɤ ɫɨɪɬɨɜ
ɯɦɟɥɹ, ɤɨɬɨɪɵɣ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɟɬɫɹ ɩɨ ɷɬɢɦ ɛɢɨɯɢɦɢɱɟɫɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ ɤɚɱɟɫɬɜɚ ɢ ɢɯ ɩɪɢɫɭɬɫɬɜɢɸ ɜ
ɬɵɱɢɧɨɱɧɵɯ ɫɨɰɜɟɬɢɹɯ ɢ ɥɢɫɬɶɹɯ. Ɇɟɬɨɞɵ. ɂɫɩɨɥɶɡɨɜɚɧɵ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɚɹ ɠɢɞɤɨɫɬɧɚɹ ɯɪɨɦɚɬɨɝɪɚɮɢɹ,
ɫɨɜɪɟɦɟɧɧɵɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ
ɤɚɱɟɫɬɜɟɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɯɦɟɥɹ, ɫɩɟɰɢɚɥɶɧɵɟ ɢ ɨɛɳɟɩɪɢɧɹɬɵɟ ɜ ɯɦɟɥɟɜɨɞɱɟɫɤɨɣ ɨɬɪɚɫɥɢ. Ɋɟɡɭɥɶɬɚɬɵ. Ɉɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɥɭɩɭɥɢɧ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɢ ɝɨɪɶɤɢɯ ɫɨɪɬɨɜ
ɫɨɞɟɪɠɢɬ ɪɚɡɥɢɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ Į- ɢ ȕ-ɤɢɫɥɨɬ. Ɍɚɤ, ɫɨɨɬɧɨɲɟɧɢɟ ȕ- ɢ Į-ɤɢɫɥɨɬ ɜ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɪɬɚɯ ɫɨɫɬɚɜɥɹɟɬ ɛɨɥɶɲɟ ɟɞɢɧɢɰɵ, ɬɨɝɞɚ ɤɚɤ ɜ ɫɨɪɬɚɯ ɝɨɪɶɤɨɝɨ
ɬɢɩɚ ɨɧɨ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ. Ɂɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɤɨɥɢɱɟɫɬɜɨɦ ɥɭɩɭɥɢɧɚ ɢ ɫɨɞɟɪɠɚɧɢɟɦ Į- ɢ ȕ-ɤɢɫɥɨɬ ɧɟ
ɨɛɧɚɪɭɠɟɧɨ. Ɉɬɦɟɱɟɧɨ, ɱɬɨ ɰɜɟɬ ɥɭɩɭɥɢɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ
ɤɨɥɢɱɟɫɬɜɨɦ ɤɫɚɧɬɨɝɭɦɨɥɚ. ȼɵɜɨɞɵ. ɂɡ ɩɪɨɜɟɞɟɧɧɵɯ
ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɥɟɞɭɟɬ, ɱɬɨ ɥɭɩɭɥɢɧɨɜɵɟ ɠɟɥɟɡɤɢ ɩɪɢɫɭɬɫɬɜɭɸɬ ɬɚɤɠɟ ɧɚ ɩɵɥɶɧɢɤɚɯ ɬɵɱɢɧɨɱɧɵɯ ɫɨɰɜɟɬɢɣ,
ɧɚ ɥɢɫɬɶɹɯ ɢɯ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ, ɢ ɨɧɢ ɦɟɧɟɟ ɪɚɡɜɢɬɵ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ ɢ ɫɨɫɬɚɜ ɝɨɪɶɤɢɯ
ɜɟɳɟɫɬɜ ɜ ɥɭɩɭɥɢɧɟ ɫɟɥɟɤɰɢɨɧɧɵɯ ɫɨɪɬɨɜ ɧɟ ɡɚɜɢɫɢɬ ɨɬ
ɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜ ɲɢɲɤɚɯ ɯɦɟɥɹ, ɚ ɹɜɥɹɟɬɫɹ ɫɨɪɬɨɜɵɦ
ɩɪɢɡɧɚɤɨɦ. Ʌɭɩɭɥɢɧ ɜ ɬɵɱɢɧɨɱɧɵɯ ɫɨɰɜɟɬɢɹɯ, ɩɨɥɭɱɟɧɧɵɣ ɢɡ ɪɚɡɧɵɯ ɪɚɫɬɟɧɢɣ, ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɚɟɬɫɹ ɩɨ
ɤɨɥɢɱɟɫɬɜɭ ɢ ɤɚɱɟɫɬɜɟɧɧɨɦɭ ɫɨɫɬɚɜɭ Į- ɢ ȕ-ɤɢɫɥɨɬ, ɱɬɨ
ɢɦɟɟɬ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɜ ɫɟɥɟɤɰɢɨɧɧɨɦ ɩɪɨɰɟɫɫɟ ɩɪɢ
ɩɨɞɛɨɪɟ ɩɚɪ ɞɥɹ ɫɤɪɟɳɢɜɚɧɢɹ. ȼ ɠɟɥɟɡɤɚɯ ɧɚ ɥɢɫɬɶɹɯ
ɯɦɟɥɹ ɝɨɪɶɤɢɟ ɜɟɳɟɫɬɜɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɨɥɶɤɨ ȕ-ɤɢɫɥɨɬɚɦɢ, ɜ ɨɫɧɨɜɧɨɦ, ɥɭɩɭɥɨɧɨɦ ɢ ɚɞɥɭɩɭɥɨɧɨɦ.
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɝɨɪɶɤɢɟ ɜɟɳɟɫɬɜɚ, ɥɭɩɭɥɢɧ, ɤɫɚɧɬɨɝɭɦɨɥ, Į-ɤɢɫɥɨɬɵ, ȕ-ɤɢɫɥɨɬɵ, ɬɵɱɢɧɨɱɧɵɟ ɫɨɰɜɟɬɢɹ.
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