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Aim. To estimate the possibilities of using the promising apple cultivars, created by the Institute of Horticulture (IH) NAAS, in the breeding programs according to the availability of valuable allele variants of gene Rf,
related to red color of apple fruit. Methods. Polymerase chain reaction, electrophoresis in agarose gel, the
evaluation of phenotype manifestation of the color trait of apple skin according to the grading system. Results.
17 genotypes of apple cultivars of different genetic origin, including 12 cultivars, breeded by IH NAAS, were
identi¿ed by allele variants of gene Rf. The comparison was made between the genetic analysis results and
visual observations of the phenotype manifestation of fruit skin color of different apple cultivars. Conclusions.
Apple cultivars Amulet, Perlyna Kyieva and Edera, which are homozygous carriers of dominant alleles Ⱥ1 and
Ⱥ2 of gene Rf are recommended as basic forms in breeding programs. It was demonstrated that exact prediction
of apple skin color was possible only in case of the available homozygous genotype by both alleles of gene Rf.
Keywords: apple, breeding genes of apple skin color, molecular markers, scab resistance.
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Apple is one of the most relevant fruit crop in Ukraine, the consumption of apple fruit by the population is prioritized among all the fruit and small-fruit
crops. The prominent place in the Register of cultivars
of Ukraine is taken by apple cultivars, created by the
Institute of Horticulture (IH) NAAS and its network.
Our studies have proven that these cultivars are valuable genetic material, which is insuf¿ciently characterized from the standpoint of relevant allele variants
of genes, responsible for economically valuable traits.
Their identi¿cation will expand the possibilities of involving the mentioned cultivars to MAS programs, in
particular, by fruit skin color.

The fruit of Ukrainian apple cultivars have different
colors – from green color, like that of Papirovka cultivar, to dark red, like that of cultivars Rubinove Duky or
Amulet. Fruit skin of many cultivars is of uneven color,
it has stripes or “blush”, which may be manifested differently even among fruit of the same cultivar. Apple
fruit color is not only a remarkable trait of the cultivar,
but also a relevant criterion, affecting the consumer’s
choice. In particular, buyers often prefer cultivars with
red fruit color, which is associated with better ripeness
and thus better taste and aroma [5]. Red color of apple
fruit is mainly determined by the presence of secondary metabolites – anthocyanins [6, 7]. The intensity of
red color of fruit skin is directly dependent on the accumulation degree of these natural antioxidants, which
varies in a wide range and changes depending on the
ripeness degree and environmental conditions. The ripest fruit, well lit by the sun during their growth, have
the richest color and thus higher content of anthocyanins in their skin compared to not ripe, insuf¿ciently
lit fruit of the same cultivar [8]. It is noteworthy that in
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INTRODUCTION
The common practice while creating new apple
cultivars is to concentrate the spectrum of economically valuable trait for marker-assisted selection
(MAS) mainly on the resistance to scab, taste qualities, Àesh density, columnar habitus and skin color
[1í4].
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addition to anthocyanins, carotinoids and chlorophyll
participate in coloring apple fruit as well [9].
High content of anthocyanins is also considered to be
valuable for human health due to antioxidant features of
these compounds [10, 11]. Thus, a trait of red apple skin
got transformed into a marker of the health-improving
property of apple fruit in the breeding programs.
MAS by skin color was launched after the identi¿cation of RAPD-marker, associated with gene Rf. Cultivars may be divided into “predominantly red” and
“non-red” by its use. Thus, the ¿rst breeding programs
of creating new apple cultivars by this trait used the
mentioned marker [12]. It was assumed that the trait
of red apple skin was determined by the availability of
dominant alleles of gene Rf í Ⱥ1 and Ⱥ2 (each of them
separately and both together), yellow-green color was
conditioned by the expression of the homozygous recessive genotype by one or two alleles of gene Rf.
Later dCAPS-marker, associated with single nucleotide
polymorphism (SNP) in the promotor of gene MdMYB1,
was created [13]. Its application allowed discriminating
136 seadlings from crossing of cultivars Golden Delicious
and Crisp Pink [1]. However, a number of works noted
that the availability of allele MdMYB-1 in the genome of
apple cultivars cannot guarantee the occurrence of this
trait, instead it indicates only a higher probability of the
manifestation of red color of fruit skin [14, 15].
The aim of this work was to investigate the possibility of introducing promising apple cultivars, breeding
by IH NAAS, by the availability of valuable allele variants of gene Rf, associated with the color of apple fruit
skin, into breeding programs in Ukraine.
MATERIALS AND METHODS
The shoots of apple cultivars and hybrid forms, selected in the experimental orchards of the Department
of breeding of fruit and small-fruit crops, IH NAAS,
were used as initial material. DNA was extracted from
fresh young leaves using modi¿ed CTAB ( hexadecyltrimethylammonium bromide) method.
Universal primers for this gene were used to identify
allele variants of gene Rf, responsible for apple skin
color [12].
Nucleotide sequences in the direction 5ƍĺ3ƍ:
Forward – GACAGGTTACGGTCCACTGCT;
Reverse í ACGTAAGGTCAAAGATTCAGATC.
The reaction mixture for PCR of 20 l contained 40 ng
DNA; 75 mM tris-HCl (pH 8.8 at the temperature of
AGRICULTURAL SCIENCE AND PRACTICE Vol. 3 No. 3 2016

Fig. 1. The electrophoregram of ampli¿cation products of
genomic DNA of apple cultivars and hybrid forms with universal primers to the gene of red apple skin, Rf: 1 – Teremok;
2 í Kateryna; 3 í Skifske zoloto; 4 í Gala; 5 í Idared; 6 í
Golden Delicious; 7–16 – hybrid forms

25 °ɋ);20 mM (NH4)2SO4; 0.01 %Tween 20; 0.2 mM dNTP;
200 mmol of each primer; 1 unit of Taq-polymerase.
The ampli¿cation reaction was conducted in three stages: I í 1 cycle: 94 °ɋ, 2 min; II í 40 cycles: 94 ºɋ, 30 s;
47 ºɋ, 1 min; 72 ºɋ, 1 min; III í 1 cycle: 72 ºɋ, 7 min.
The fragments obtained were separated in 1.5 % agarose gel in tris-borate buffer at the voltage of 5 V/cm
for 1 h. The gels were registered by photography after
staining with ethidium bromide. 100 bp DNA Ladder
Plus (Fermentas, "Lithuania") was used as a molecular
weight marker (Fig. 1).
The ampli¿cation with these primers allows obtaining four markers. The availability of dominant allele
Ⱥ1 is determined by the marker of 1160 bp, and that
of a recessive allele ɚ1 – 1230 bp. The availability of
dominant allele Ⱥ2 is determined by the marker of
1180 bp, and that of a recessive allele ɚ2 – 1320 bp (Table 1). Markers of 1160, 1180, and 1230 bp are known
for their high homology. The differences between them
consist in a small insertion-deletion and one nucleotide
replacement.
RESULTS AND DISCUSSION
The availability of red fruit skin color of some degree
was observed in 13 out of 17 apple cultivars in the collection. Fruit color was evaluated visually by its availability and intensity degree of red color. Five groups
of cultivars were distinguished (Fig. 2): cultivars of
Table 1. Markers, de¿ning apple tree genotype by gene Rf
Allele

Length,
bp

Phenotype manifestation

Ⱥ1
ɚ1
Ⱥ2
ɚ2

1160
1230
1180
1320

Red skin
Yellow skin
Red skin
Yellow skin
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Fig. 2. The categories of phenotype manifestation of the feature of red color of apple fruit (0í4 – score) [12]

dark red and purple color (4 points), with red color (3
points), with medium color degree (2 points), with poor
color (1 point) and cultivars with no red color at all
(0 points). Cultivars Papirovka, Golden Delicious, Antonivka and Mutsu were referred to the last group. The
control cultivars were the ones, the genotypes of which
by gene Rf are already known, in particular, Golden
Delicious, Idared and Gala [12].
The analysis using universal primers to gene Rf demonstrated the carriers of homozygous genotype by dominant alleles Ⱥ1 and Ⱥ2 to be cultivars Perlyna Kyieva,
Edera and Amulet (Table 2). Thus, among all the studied cultivars the latter are the most promising ones to
be used as basic forms in breeding schemes of creating
cultivars with red color of fruit skin. It is noteworthy
that phenotype manifestations of the mentioned trait in
three mentioned cultivars are expressed differently, in
particular, cultivars Amulet and Perlyna Kyieva may be
scored 4 points, whereas Edera – 3 points (Fig. 3).

Fig. 3. Cultivars – homozygotes by dominant alleles Ⱥ1 and Ⱥ2 of gene Rf:
Ⱥ – Amulet; ȼ – Perlyna
Kyieva; ɋ – Edera

Another cultivar with high potential for breeding by
this trait is Harant with the genotype Ⱥ1ɚ1Ⱥ2Ⱥ2 (Fig.
4). In addition, homozygous carriers of dominant alleles are ¿ve other cultivars with red skin, including
Rubinove Duky, Radohost, and Askolda with the same

Table 2. Genotypes of apple cultivars of Ukrainian and international selection by genes Rf
Fruit color,
score

Origin

Teremok
Radohost
Kateryna
Skifske zoloto

Red, 4
Red, 4
Yellow-red, 2
Green with light
“bloom”, 1

25/2-D (Aport Alexander × Jonathan) × Grive Rouge
Jonathan × Greensleeves
Golden Delicious × McIntosh Wijcik
SR-0523 [Red Melba × (Wolf River × Malus atrosanguinea-804] × Honeygold

Rubinove Duky
Papirovka
Askolda
Garant
Ornament
Edera
Perlyna Kyeva
Amulet
Antonivka
Mutsu
Gala
Idared
Golden Delicious

Red, 4
Green, 0
Red-green, 3
Red, 2
Red, 4
Red, 4
Red, 4
Red, 3
Green, 0
Green-yellow, 0
Red, 3
Red, 3
Green-yellow, 0

Jonathan × Aport Alexander
Baltic old selection cultivar
25/2-D (Aport Alexander × Jonathan) × Kidd’s Orange Red
Idared × -2034
22/22 D (Jonathan × Aport Alexander) × Starkrimson
Rubin × Priscilla
Rubin × Priscilla
Rubin × Priscilla
Russian old selection cultivar
Golden Delicious × Indo
Kidd’s Orange Red × Golden Delicious
Wagener prize × Jonathan
Seadling

Cultivar
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Genotype
by gene
Rf
Ⱥ 1Ⱥ 1
Ⱥ 2Ⱥ 2
ɚ1ɚ1Ⱥ2ɚ2
ɚ1ɚ1Ⱥ2ɚ2
Ⱥ 2Ⱥ 2
ɚ1ɚ1
Ⱥ 2Ⱥ 2
1 1 2 2
ȺɚȺȺ
Ⱥ 1Ⱥ 1
1 1 2 2
ȺȺȺȺ
Ⱥ 1Ⱥ 1 Ⱥ 2 Ⱥ 2
Ⱥ 1Ⱥ 1 Ⱥ 2 Ⱥ 2
ɚ1ɚ1Ⱥ2Ⱥ2
ɚ1ɚ1ɚ2ɚ2
Ⱥ1ɚ1ɚ2ɚ2
ɚ1ɚ1Ⱥ2ɚ2
ɚ1ɚ1ɚ2ɚ2
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Fig. 4. Cultivars – homozygotes by one of the dominant alleles Ⱥ1 and Ⱥ2 of gene Rf: A – Harant; B – Rubinove Duky; C –
Radohost; D – Teremok; E – Ornament; F – Askolda

Fig. 5. Phenotype of cultivars with genotype ɚ1ɚ1 Ⱥ2ɚ2: Ⱥ – Kateryna; ȼ – Skifske zoloto; ɋ – Idared

genotypes of Ⱥ2Ⱥ2, though phenotypically they are
considerably different in their colors.

observed for cultivars Amulet and Perlyna Kyieva [14].
All the mentioned cultivars are remarkable for their intense red color, and may undoubtedly score 4 points.

Cultivars Kateryna and Skifske zoloto were found
to be equal in their genotype í ɚ1ɚ1 Ⱥ2ɚ2. The phenotypic manifestation is similar for them (Fig. 5, Ⱥ, ȼ).
At the same time Idared, which has the same genotype
by these markers, is remarkable for much more intense
color of its skin (Fig. 5, ɋ). This speci¿city may be
explained by the fact that it is the carrier of another allele variant, associated with red skin, namely, dCAPSmarker, associated with SNP in the promotor of gene
MdMYB1 [14]. A similar genotype by gene MdMYB1 is

All the cultivars with green skin, analyzed in the
presented work (Fig. 6), had homozygous genotype
by the recessive allele ɚ1. Cultivars Golden Delicious
and Mutsu had the same genotype by two alleles – ɚ1ɚ1
ɚ2ɚ2, and Papirovka – genotype, determined solely by
one allele í ɚ1ɚ1. The genotype of Antonivka cultivar
(ɚ1ɚ1 Ⱥ2Ⱥ2) (Fig. 6, A) with green fruit was found to
be rather close to genotypes of cultivars Kateryna and
Skifske zoloto, which would score 2 points for fruit
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Fig. 6. Cultivars with green skin: A – Antonivka; B – Mutsu; C – Papirovka; D – Golden Delicious

color. Thus, the genotype which has both recessive
and dominant alleles of gene Rf, does not ensure precise prognosis of skin color at the juvenile stage. This
requires the identi¿cation of other genes, determining
skin color of apple fruit.
Therefore, high reliability prognosis of apple skin color is possible only in case of the availability of a homozygous genotype by dominant alleles Ⱥ1 and Ⱥ2 of gene
Rf. In other cases the matter may be only about tendencies in possible phenotype manifestation of the trait. It is
also evident that another gene, for instance, MdMYB1,
may inÀuence the intensity of apple fruit color by the
presence of homozygous genotype by allele ɚ1 and the
heterozygous genotype í by allele Ⱥ2, which was found
while comparing the results, obtained by other authors.
CONCLUSIONS
The promising cultivars in terms of the gene of red
skin color of apple fruit were identi¿ed, in particular,
carriers of homozygous genotypes by dominant alleles
Ⱥ1 and Ⱥ2: Perlyna Kyeva, Edera and Amulet.
Cultivars Rubinove Duky, Ornament and Teremok,
which are homozygotes by one of dominant alleles (Ⱥ1
or Ⱥ2) have high potential of being involved in breeding programs by fruit color.
The prediction of apple fruit skin color is possible
only in case of the available homozygous genotype by
both alleles of gene Rf.

ɫɚɞɿɜɧɢɰɬɜɚ (ȱɋ) ɇȺȺɇ ɡɚ ɧɚɹɜɧɿɫɬɸ ɰɿɧɧɢɯ ɚɥɟɥɶɧɢɯ
ɜɚɪɿɚɧɬɿɜ ɝɟɧɚ Rf, ɩɨɜ’ɹɡɚɧɨɝɨ ɡ ɱɟɪɜɨɧɢɦ ɤɨɥɶɨɪɨɦ
ɲɤɿɪɤɢ ɩɥɨɞɿɜ ɹɛɥɭɧɿ. Ɇɟɬɨɞɢ. ɉɨɥɿɦɟɪɚɡɧɚ ɥɚɧɰɸɝɨɜɚ ɪɟɚɤɰɿɹ, ɟɥɟɤɬɪɨɮɨɪɟɡ ɜ ɚɝɚɪɨɡɧɨɦɭ ɝɟɥɿ, ɨɰɿɧɤɚ
ɮɟɧɨɬɢɩɨɜɨɝɨ ɩɪɨɹɜɭ ɨɡɧɚɤɢ ɤɨɥɶɨɪɭ ɲɤɿɪɤɢ ɹɛɥɭɤɚ
ɡɚ ɛɚɥɶɧɨɸ ɲɤɚɥɨɸ. Ɋɟɡɭɥɶɬɚɬɢ. ȼɢɡɧɚɱɟɧɨ ɝɟɧɨɬɢɩɢ
17 ɫɨɪɬɿɜ ɹɛɥɭɧɶ ɪɿɡɧɨɝɨ ɝɟɧɟɬɢɱɧɨɝɨ ɩɨɯɨɞɠɟɧɧɹ, ɭ
ɬɨɦɭ ɱɢɫɥɿ 12 ɫɨɪɬɿɜ ɫɟɥɟɤɰɿʀ ȱɋ ɇȺȺɇ, ɡɚ ɚɥɟɥɶɧɢɦɢ
ɜɚɪɿɚɧɬɚɦɢ ɝɟɧɚ Rf. Ɂɞɿɣɫɧɟɧɨ ɩɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ
ɝɟɧɟɬɢɱɧɨɝɨ ɚɧɚɥɿɡɭ ɿ ɜɿɡɭɚɥɶɧɢɯ ɫɩɨɫɬɟɪɟɠɟɧɶ ɡɚ ɮɟɧɨɬɢɩɨɜɢɦ ɩɪɨɹɜɨɦ ɨɡɧɚɤɢ ɤɨɥɶɨɪɭ ɩɥɨɞɿɜ ɪɿɡɧɢɯ ɫɨɪɬɿɜ
ɹɛɥɭɧɿ. ȼɢɫɧɨɜɤɢ. ɍ ɫɟɥɟɤɰɿɣɧɢɯ ɩɪɨɝɪɚɦɚɯ ɹɤ ɜɢɯɿɞɧɿ
ɮɨɪɦɢ ɪɟɤɨɦɟɧɞɨɜɚɧɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɫɨɪɬɢ ɹɛɥɭɧɿ
Ⱥɦɭɥɟɬ, ɉɟɪɥɢɧɚ Ʉɢɽɜɚ ɿ ȿɞɟɪɚ, ɤɨɬɪɿ ɽ ɝɨɦɨɡɢɝɨɬɧɢɦɢ
ɧɨɫɿɹɦɢ ɞɨɦɿɧɚɧɬɧɢɯ ɚɥɟɥɿɜ Ⱥ1 ɿ Ⱥ2 ɝɟɧɚ Rf. ɉɨɤɚɡɚɧɨ, ɳɨ
ɬɨɱɧɟ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɤɨɥɶɨɪɭ ɲɤɿɪɤɢ ɹɛɥɭɤɚ ɦɨɠɥɢɜɟ
ɥɢɲɟ ɡɚ ɧɚɹɜɧɨɫɬɿ ɝɨɦɨɡɢɝɨɬɧɨɝɨ ɝɟɧɨɬɢɩɭ ɡɚ ɨɛɨɦɚ
ɚɥɟɥɹɦɢ ɝɟɧɚ Rf.
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɹɛɥɭɧɹ, ɝɟɧɢ ɡɚɛɚɪɜɥɟɧɧɹ ɲɤɿɪɤɢ ɹɛɥɭɤɚ, ɫɬɿɣɤɿɫɬɶ ɩɪɨɬɢ ɩɚɪɲɿ, ɫɟɥɟɤɰɿɹ, ɦɨɥɟɤɭɥɹɪɧɨ-ɝɟɧɟɬɢɱɧɿ ɦɚɪɤɟɪɢ.
Ⱥɫɫɨɰɢɚɰɢɹ ɚɥɥɟɥɶɧɢɯ ɜɚɪɢɚɧɬɨɜ ɝɟɧɚ Rf
ɫ ɤɪɚɫɧɵɦ ɰɜɟɬɨɦ ɤɨɠɢɰɵ ɩɥɨɞɨɜ
ɭ ɫɨɪɬɨɜ ɹɛɥɨɧɢ ɭɤɪɚɢɧɫɤɨɣ ɫɟɥɟɤɰɢɢ
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ɭ ɫɨɪɬɿɜ ɹɛɥɭɧɿ ɭɤɪɚʀɧɫɶɤɨʀ ɫɟɥɟɤɰɿʀ
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ȼɭɥ. ɋɚɞɨɜɚ, 23, ɇɨɜɨɫɿɥɤɢ,
Ʉɢʀɜɫɶɤɚ ɨɛɥɚɫɬɶ, ɍɤɪɚʀɧɚ, 03027
Ɇɟɬɚ. Ɉɰɿɧɢɬɢ ɦɨɠɥɢɜɨɫɬɿ ɡɚɥɭɱɟɧɧɹ ɞɨ ɫɟɥɟɤɰɿɣɧɢɯ
ɩɪɨɝɪɚɦ ɩɟɪɫɩɟɤɬɢɜɧɢɯ ɫɨɪɬɿɜ ɹɛɥɭɧɿ ɫɟɥɟɤɰɿʀ ȱɧɫɬɢɬɭɬɭ

ɍɥ. ɋɚɞɨɜɚɹ, 23, ɇɨɜɨɫɟɥɤɢ,
Ʉɢɟɜɫɤɚɹ ɨɛɥɚɫɬɶ, ɍɤɪɚɢɧɚ, 03027
ɐɟɥɶ. Ɉɰɟɧɢɬɶ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɜɥɟɱɟɧɢɹ ɜ ɫɟɥɟɤɰɢɨɧɧɵɟ ɩɪɨɝɪɚɦɦɵ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɫɨɪɬɨɜ ɹɛɥɨɧɢ ɫɟɥɟɤɰɢɢ ɂɧɫɬɢɬɭɬɚ ɫɚɞɨɜɨɞɫɬɜɚ (ɂɋ) ɇȺȺɇ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ
ɫ ɩɪɢɫɭɬɫɬɜɢɟɦ ɜ ɢɯ ɝɟɧɨɬɢɩɟ ɰɟɧɧɵɯ ɚɥɥɟɥɶɧɵɯ ɜɚɪɢɚɧɬɨɜ ɝɟɧɚ Rf, ɫɜɹɡɚɧɧɨɝɨ ɫ ɤɪɚɫɧɵɦ ɰɜɟɬɨɦ ɤɨɠɭɪɵ
ɩɥɨɞɨɜ ɹɛɥɨɧɢ. Ɇɟɬɨɞɵ. ɉɨɥɢɦɟɪɚɡɧɚɹ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ, ɷɥɟɤɬɪɨɮɨɪɟɡ ɜ ɚɝɚɪɨɡɧɨɦ ɝɟɥɟ, ɨɰɟɧɤɚ ɮɟɧɨɬɢɩɢɱɟɫɤɨɝɨ ɩɪɨɹɜɥɟɧɢɹ ɩɪɢɡɧɚɤɚ ɰɜɟɬɚ ɤɨɠɭɪɵ ɹɛɥɨɤɚ
ɩɨ ɛɚɥɥɶɧɨɣ ɲɤɚɥɟ. Ɋɟɡɭɥɶɬɚɬɵ. Ɉɩɪɟɞɟɥɟɧɵ ɝɟɧɨɬɢɩɵ
17 ɫɨɪɬɨɜ ɹɛɥɨɧɢ ɪɚɡɧɨɝɨ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ,
ɜ ɬɨɦ ɱɢɫɥɟ 12 ɫɨɪɬɨɜ ɫɟɥɟɤɰɢɢ ɂɋ ɇȺȺɇ ɩɨ ɚɥɥɟɥɶɧɵɦ
ɜɚɪɢɚɧɬɚɦ ɝɟɧɚ Rf. ɉɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ
ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɢ ɜɢɡɭɚɥɶɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɡɚ
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The plants with heterozygous genotypes by gene Rf
require additional observations and studies.

ASSOCIATION OF ALLELE VARIANTS OF GENE RF WITH RED FRUIT
ɮɟɧɨɬɢɩɢɱɟɫɤɢɦ ɩɪɨɹɜɥɟɧɢɟɦ ɩɪɢɡɧɚɤɚ ɰɜɟɬɚ ɤɨɠɭɪɵ
ɩɥɨɞɨɜ ɪɚɡɥɢɱɧɵɯ ɫɨɪɬɨɜ. ȼɵɜɨɞɵ. ȼ ɫɟɥɟɤɰɢɨɧɧɵɯ
ɩɪɨɝɪɚɦɦɚɯ ɤɚɤ ɜɵɯɨɞɧɵɟ ɮɨɪɦɵ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɨɪɬɚ Ⱥɦɭɥɟɬ, ɉɟɪɥɵɧɚ Ʉɢɟɜɚ ɢ ɗɞɟɪɚ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɝɨɦɨɡɢɝɨɬɧɵɦɢ ɧɨɫɢɬɟɥɹɦɢ ɞɨɦɢɧɚɧɬɧɵɯ ɚɥɥɟɥɟɣ Ⱥ1 ɢ Ⱥ2 ɝɟɧɚ Rf. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɬɨɱɧɨɟ
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɰɜɟɬɚ ɤɨɠɭɪɵ ɹɛɥɨɤ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ
ɩɪɢ ɧɚɥɢɱɢɢ ɝɨɦɨɡɢɝɨɬɧɨɝɨ ɝɟɧɨɬɢɩɚ ɩɨ ɨɛɨɢɦ ɚɥɥɟɥɹɦ
ɝɟɧɚ Rf.
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Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɹɛɥɨɧɹ, ɝɟɧɵ ɨɤɪɚɫɤɢ ɤɨɠɢɰɵ ɹɛɥɨɤɚ, ɫɬɨɣɤɨɫɬɶ ɩɪɨɬɢɜ ɩɚɪɲɢ, ɫɟɥɟɤɰɢɹ, ɦɨɥɟɤɭɥɹɪɧɨɝɟɧɟɬɢɱɟɫɤɢɟ ɦɚɪɤɟɪɵ.
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