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Aim. To study the genetic structure of Ukrainian Large White pigs using mitochondrial DNA-markers.
Methods. Multiplex PCR-AFLP analysis, remarkable for the investigation of D-loop fragment between positions 15531 and 15959 of the pig mitochondrial genome with one monomorphic 15558W and ¿ve polymorphic sites TasI 15580T > C, 15616T > C, 15714T > C, 15758T > C, 15916A > T, was used. The presence or
absence of site TasI in the abovementioned positions determines mitochondrial DNA haplotypes, indicated
with Latin letters from A to P. Results. Seven mitochondrial DNA haplotypes of different frequency were
revealed among Ukrainian Large White pigs. The highest frequency was noted for haplotypes G (0.141), J1
(0.133) and N (0.591), previously described for wild boars of Belgium, France, Italy (G); wild boars of Japan
and China, Meishan and Large White breeds (J1) and wild boars of Japan and China, Berkshire and Large
White breeds (N). The frequency for haplotype L (Belgian wild boar and Large White) is 0.022; haplotype A
(French wild boar, Mangalica, Duroc) í 0.003; haplotype C (wild boar of France, Belgium, Poland, Israel and
Landrace, Welsh breeds) í 0.092. Haplotype B1 (0.019) was revealed in Myrgorod breed, Poltava Meat and
Red White Belted breeds, bred on its basis. Conclusions. The haplogroup of mitochondrial DNA of Ukrainian
Large White pigs includes seven haplotypes of mitochondrial DNA. Pigs with haplotypes G, J1, N and L may
be referred to representatives of Ukrainian Large White pigs, which did not have introgression of maternal line
of other breeds.
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INTRODUCTION
At present the condition of animal genetic resources
in the sphere of food production and agriculture is the
subject of monitoring of relevant institutions, including
the Food and Agriculture Organization (FAO) of the
United Nations Organization. Since 2000 the breeds
with speci¿ed molecular and genetic characteristics
have been added into the Global Databank of Farm
Animal Genetic Resources. It may be explained by the
fact that sometimes it is rather hard to have a clear distinction between breeds, as some of them have similar features, especially useful for economy [1]. Due
to this the determination of speci¿c characteristics of
the breed requires the study of its genetic structure. At
present this study involves a wide application of DNA
markers known for different types of inheritance. First
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of all, these are microsatellite and single nucleotide
polymorphisms (SNPs), localized on autosomes and
inherited from both parents. Secondly, these are markers, localized on the part of Y-chromosome, which do
not recombine with X-chromosome and therefore are
inherited only in paternal line. Finally, these are mitochondrial DNA markers, inherited in maternal line.
Comprehensive information, obtained using all types
of DNA-markers, will allow obtaining the integral picture of breed genetic structure.
The prevailing majority of transboundary breeds of
pigs, including Large White, have already been analyzed for their molecular and genetic characteristics
including the application of ampli¿ed fragment length
polymorphism (AFLP) [2], microsatellites [3] and mitochondrial DNA polymorphism [4].
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There are no complete molecular and genetic characteristics for Ukrainian Large White pigs. Therefore, the
aim of the work was to estimate the genetic structure of
this breed using mitochondrial DNA markers.
MATERIALS AND METHODS
The samples of blood, sperm or hair of 369 Ukrainian
Large White boars and breeding sows, bred at breeding
farms of Ukraine, were used in the study.
DNA was isolated using ion-exchange resin, Chelex
100 [5]. The D-loop fragment between positions 15531
and 15959 of the pig mitochondrial genome with one
monomorphic 15558W and ¿ve polymorphic sites TasI
15580T > C, 15616T > C, 15714T > C, 15758T > C,
15916A > T, was analyzed, and the presence or absence of site TasI in the abovementioned positions was
studied to determine mitochondrial DNA haplotypes,
indicated with Latin letters from A to P. The oligonucleotide primers MITPRO2F: ɫatacaaatatgtgaccccaa
and MITPROR: gtgagcatgggctgattagtc were designed
from the sequence AJ002189 [6] and synthesized in
Ɇetabion GmbH (Germany). The set of reagents (TAPOTILI, RF) , was used to amplify D-loop fragment of
the pig mitochondrial genome. The ampli¿cation was
conducted using the Biometra TRIO Thermocycler
(Biometra GmbH, Germany) following the program:
initial denaturation at 94 ºC (5 min), 30 ampli¿cation
cycles, each including denaturation (95 °ɋ, 20 s), annealing (63 °ɋ, 30 s) and elongation (72 ºC, 30 s). The
¿nal synthesis was performed at 72 °ɋ for 3 min. The
PCR results were found to be positive, if the amplicon
of 426 b.p. was obtained.
The aliquot of the PCR product (10 l) was hydrolyzed using endonuclease TasI (Thermo Scienti¿c™,
Lithuania). When the restriction of amplicons using
endonuclease TasI was completed, the fragments obtained were separated by electrophoresis in 8 % polyacrylamide gel in 1 × Ɍȼȿ buffer. pUC19/MspI (HpaII)
(Thermo Scienti¿c™) was used as a molecular weight
marker. The products of ampli¿cation and restriction
were visualized by staining with ethidium bromide
and photographing at the transilluminator in ultraviolet
light.
RESULTS AND DISCUSSION
Seven mitochondrial DNA haplotypes of different frequency were revealed among Ukrainian Large
White pigs. Haplotypes G (0.141), J1 (0.133) and N
(0.591) were the most frequent; considerably less frequent í haplotypes A (0.003), B1 (0.019), C (0.092)
and L (0.022) (Figure).
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Mitochondrial DNA haplotypes have their speci¿cities of inheritance, as the introgression of mitochondrial genomes in the population of domestic animals
occurs only due to inclusion into female population
(maternal type of inheritance). Taking into consideration the fact that mitochondrial DNA haplotypes are
known for many subspecies of wild boars and breeds of
domestic pigs, it is possible to determine their impact
on the formation of haplogroup of breeding sows of a
speci¿c breed.
The method of multiplex PCR-AFLP, used in this
work, allows determining only six SNP (Table) which
is less than the number of nucleotide substitutes, found
on the D-loop site. For instance, this was approximately the site, where Fang et al. found 28 SNP [7], Alves
et al. – 34 [8] and Giuffra et al. – 27 [9].
The nomenclature of haplotypes, suggested in this
work, is commensurate with the one, suggested by
Fernández et al.* [8], Fang et al.** [7] and Marincs et
al.*** [10]. Haplotype A matches haplotypes (EH12,
EH31)**, (H01–H07, H25)***, haplotype C – (H2–
H10, H13, H14, H21, H25, H26)*, (EH7, EH25,
EH28)**, (H08, H11–H15, H24, H26)***, G – (H1,
H15, H16, H18, H27, H29)*, (EH29, H09)***, J1 –
H24*, (AH7, AH19, AH31, AH33, AH34)**, (H18,
H20)***, L – (H11, H12, H28)*, (EH15,EH30)**,
H174P***, N – (AH4, AH30)**, (H21, H22, H23)***.
Haplotype B1 was not found in subspecies of wild boar
and breeds of domestic pigs.
Therefore, haplotypes, revealed among the Ukrainian
Large White pigs, and the previously described ones are
in good agreement. For instance, haplotype G was previously found in wild boars of Belgium, France, Italy,
haplotype J1 – in wild boars of Japan, China, Meishan
and Large White, N – in wild boars of Japan, China,
Berkshire and Large White, haplotype L was previously found in wild boars of Belgium and Large White.
The haplotypes A (0.003), previously described for
French wild boar, Mandalica, Duroc, and C (0.092) –
for wild boars of France, Belgium, Poland, Israel and
Landrace, Welsh breeds, had insigni¿cant frequency.
Haplotype B1 was revealed in Myrgorod breed and
Poltava Meat and Red White Belted breeds, bred on its
basis [11].
There may be several explanations for the presence of
haplotypes, not remarkable for purebred Large White,
in the haplogroup of Ukrainian Large White pigs. First
of all, it is a long period of breeding Ukrainian Large
White pigs.
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The export of pigs of this breed started in the territory
of modern Ukraine at the end of the XIX century. At the
beginning of the XX century their number increased due
to agricultural exhibitions. At that time the breeding of
Large White pigs, imported from Shchepkin’s farm, was
conducted in Maynivka agricultural school (Chernihiv
region). In 1910–1912 the pig breeding departments
of Poltava and Nosovska agricultural research stations
started their work in creating pedigree herds of Large
White. During the World War I, followed by the civil
war, the Large White pig population was destroyed almost completely. All the pedigree animals were gathered
in Poltava and Nosovska agricultural research stations
and amounted to 11 boars and 66 breeding sows. In 1927
the specialists of the Poltava agricultural research station created the ¿rst State Herd-book of Large White
pigs. During 1928–1930 194 boars and 871 breeding
sows were registered therein. Since 1930 the network
of breeding state-owned farms and breeding collective
farms was established in Ukraine. The breeding stateowned farms were mainly supplied the animals from
breeding farms of the Moscow region, while the breeding collective farms received their pigs from the Poltava
agricultural research station. In 1933 the Poltava and
Starokonstantyniv (Khmelnytsk region) state breeding
centers of Large White were organized.
During World War II almost all the animals were
eliminated, except for the best animals of the Poltava
agricultural research station and the breeding farm
of Maynivka state-owned farm-Dedovo technical
school. After the war these animals were brought back
to Ukraine. In 1945–1955 the breeding farm of the
Maynivka state-owned farm-technical school became
the leading breeding center.

The mitochondrial DNA haplogroup of Ukrainian Large
White pigs and haplotype frequencies, comprising it

By 1970 Large White pigs were bred in Ukraine in
11 breeding centers, 9 breeding farms and 48 breeding collective farms. The number of pedigree Large
White boars was 98.3 % of the total number of boars
of this breed, and that of breeding sows was 38.9 %
[12]. Therefore, it is possible that haplotypes of meat
pigs A and B1 were preserved among Ukrainian Large
White pigs.
Large White breed had a considerable impact on the
process of breed formation in Ukraine. These pigs were
used to breed Ukrainian White Steppe (1926í1934),
Myrgorod (1921í1940), Ukrainian Spotted Steppe
(1938í1961), Poltava Meat (1963í1993), Ukrainian
Meat (1981í1993) and Red White Belted breeds of
meat pigs (1976í2006).
At present Large White breed has a dominating position in Ukraine, amounting to almost 70 % in comparison to other breeds. At this stage of industry de-

The polymorphism positions of D-loop fragment of the pig mitochondrial genome and sizes of restrictive fragments
of endonuclease TasI
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Size of restrictive
fragments, b.p.
404/24
381/23/24
344/60/24
245/99/60/24
201/180/47
201/143/60/24
201/136/44/23/24
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velopment the pedigree foundation is presented by 74
breeding centers and 60 pedigree sow farms. The genealogical structure of the breed includes intrabreed types,
farm lines and families (maternal lines). Three main selection directions have been established for the breed: 1)
aimed at the creation of ULW-1 intermediate maternal
type Ukrainian Large White 1 with high maternal and
growing-fattening features; 2) aimed at the creation of
intermediate paternal type ULW-2 with improved meat
qualities, and 3) complex selection ULW-3.
Due to extensive import of Large White from abroad for
the last 30 years, the number of lines of Ukrainian selection reduced to 10 % compared to the newly brought ones.
The main countries, from which Large White pigs are imported, are Great Britain, Ireland, France and Hungary.
Some countries have developed their domestic Large
White breeds, for instance, Hungary has Hungarian
Large White with the haplotype ɋ (according to the
nomenclature of Marincs et al., haplotypes H08, H11–
H15, H24, H26) [10]. In Ukraine these breeds are registered as pedigree animals of Large White. This may
be another reason of the presence of the haplotype, not
remarkable for Large White breed.
CONCLUSIONS
The mitochondrial DNA haplogroup of Ukrainian
Large White pigs includes seven haplotypes. Three
mitochondrial DNA haplotypes í A, B1, C í in the
haplogroup of Ukrainian Large White pigs are not remarkable for pedigree British Large White. Pigs with
haplotypes G, J1, N and L may be referred to representatives of maternal lines, which did not have introgression of mitochondrial genomes of other breeds.
SUPPORT
The work was ful¿lled in the framework of the project of the National Academy of Agrarian Sciences of
Ukraine “Developing and testing DNA-markers of intermediate maternal type of inheritance in current system
of pig breeding”, state registration No. 030101V003257.

ɪɟɫɬɪɢɤɬɧɢɯ ɮɪɚɝɦɟɧɬɿɜ (ɉȾɊɎ) ɦɿɬɨɯɨɧɞɪɿɚɥɶɧɨʀ ȾɇɄ.
Ɇɟɬɨɞɢ. ȼɢɤɨɪɢɫɬɚɧɨ ɦɟɬɨɞ ɛɚɝɚɬɨɫɚɣɬɨɜɨɝɨ ɉɅɊɉȾɊɎ-ɚɧɚɥɿɡɭ, ɨɫɨɛɥɢɜɿɫɬɶ ɹɤɨɝɨ ɩɨɥɹɝɚɥɚ ɭ ɜɢɜɱɟɧɧɿ
ɮɪɚɝɦɟɧɬɚ D-ɩɟɬɥɿ ɦɿɠ ɩɨɡɢɰɿɹɦɢ 15531 ɿ 15959 ɦɿɬɨɯɨɧɞɪɿɚɥɶɧɨɝɨ ɝɟɧɨɦɭ ɫɜɢɧɿ, ɞɟ ɪɨɡɬɚɲɨɜɚɧɿ ɨɞɢɧ ɦɨɧɨɦɨɪɮɧɢɣ 15558W ɿ ɩ’ɹɬɶ ɩɨɥɿɦɨɪɮɧɢɯ ɫɚɣɬɿɜ TasI
15580T > C, 15616T > C, 15714T > C, 15758T > C,
15916A > T. ɉɪɢɫɭɬɧɿɫɬɶ ɚɛɨ ɜɿɞɫɭɬɧɿɫɬɶ ɫɚɣɬɚ TasI ɭ
ɡɚɡɧɚɱɟɧɢɯ ɜɢɳɟ ɩɨɡɢɰɿɹɯ ɜɢɡɧɚɱɚɽ ɦɿɬɨɯɨɧɞɪɿɚɥɶɧɿ ɝɚɩɥɨɬɢɩɢ, ɩɨɡɧɚɱɟɧɿ ɥɚɬɢɧɫɶɤɢɦɢ ɥɿɬɟɪɚɦɢ ɜɿɞ A ɞɨ P.
Ɋɟɡɭɥɶɬɚɬɢ. Ɂ-ɩɨɦɿɠ ɫɜɢɧɟɣ ɜɟɥɢɤɨʀ ɛɿɥɨʀ ɩɨɪɨɞɢ ɍɤɪɚʀɧɢ ɜɢɹɜɥɟɧɨ ɫɿɦ ɦɿɬɨɯɨɧɞɪɿɚɥɶɧɢɯ ɝɚɩɥɨɬɢɩɿɜ, ɹɤɿ
ɡɭɫɬɪɿɱɚɸɬɶɫɹ ɡ ɪɿɡɧɨɸ ɱɚɫɬɨɬɨɸ. Ɂ ɧɚɣɛɿɥɶɲɨɸ ɱɚɫɬɨɬɨɸ ɡɭɫɬɪɿɱɚɥɢɫɶ ɝɚɩɥɨɬɢɩɢ G (0,141), J1 (0,133) ɿ
N (0,591), ɪɚɧɿɲɟ ɨɩɢɫɚɧɿ ɭ ɞɢɤɨʀ ɫɜɢɧɿ Ȼɟɥɶɝɿʀ,
Ɏɪɚɧɰɿʀ, ȱɬɚɥɿʀ (G); ɞɢɤɨʀ ɫɜɢɧɿ əɩɨɧɿʀ, Ʉɢɬɚɸ, ɩɨɪɿɞ
ɦɟɣɲɚɧ ɿ ɜɟɥɢɤɨʀ ɛɿɥɨʀ (J1) ɿ ɞɢɤɨʀ ɫɜɢɧɿ əɩɨɧɿʀ,
Ʉɢɬɚɸ, ɩɨɪɿɞ ɛɟɪɤɲɢɪ ɿ ɜɟɥɢɤɨʀ ɛɿɥɨʀ (N). ɑɚɫɬɨɬɚ
ɡɭɫɬɪɿɱɚɥɶɧɨɫɬɿ ɝɚɩɥɨɬɢɩɭ L (ɞɢɤɚ ɫɜɢɧɹ Ȼɟɥɶɝɿʀ ɿ
ɜɟɥɢɤɚ ɛɿɥɚ ɩɨɪɨɞɚ ɫɜɢɧɟɣ) ɫɬɚɧɨɜɢɬɶ 0,022; ɝɚɩɥɨɬɢɩɭ
A (ɞɢɤɚ ɫɜɢɧɹ Ɏɪɚɧɰɿʀ, ɩɨɪɨɞɢ ɦɚɧɝɚɥɢɰɹ, ɞɸɪɨɤ) í
0,003; C (ɞɢɤɚ ɫɜɢɧɹ Ɏɪɚɧɰɿʀ, Ȼɟɥɶɝɿʀ, ɉɨɥɶɳɿ, ȱɡɪɚʀɥɸ
ɿ ɩɨɪɨɞɢ ɥɚɧɞɪɚɫ, ɭɟɥɶɫ) í 0,092. Ƚɚɩɥɨɬɢɩ B1 (0,019)
ɡɧɚɣɞɟɧɨ ɭ ɦɢɪɝɨɪɨɞɫɶɤɨʀ ɩɨɪɨɞɢ ɿ ɫɬɜɨɪɟɧɢɯ ɧɚ ʀʀ ɨɫɧɨɜɿ ɩɨɥɬɚɜɫɶɤɨʀ ɦ’ɹɫɧɨʀ ɿ ɱɟɪɜɨɧɨʀ ɛɿɥɨɩɨɹɫɨʀ ɩɨɪɿɞ
ɦ’ɹɫɧɢɯ ɫɜɢɧɟɣ. ȼɢɫɧɨɜɤɢ. Ƚɚɩɥɨɝɪɭɩɚ ɦɿɬɨɯɨɧɞɪɿɚɥɶɧɨʀ ȾɇɄ ɫɜɢɧɟɣ ɜɟɥɢɤɨʀ ɛɿɥɨʀ ɩɨɪɨɞɢ ɍɤɪɚʀɧɢ ɜɤɥɸɱɚɽ
ɫɿɦ ɝɚɩɥɨɬɢɩɿɜ ɦɿɬɨɯɨɧɞɪɿɚɥɶɧɨʀ ȾɇɄ. Ⱦɨ ɬɜɚɪɢɧ ɜɟɥɢɤɨʀ ɛɿɥɨʀ ɩɨɪɨɞɢ ɍɤɪɚʀɧɢ, ɭ ɹɤɢɯ ɧɟ ɜɿɞɛɭɥɨɫɹ ɿɧɬɪɨɝɪɟɫɿʀ ɩɨ ɦɚɬɟɪɢɧɫɶɤɿɣ ɥɢɧɿʀ ɿɧɲɢɯ ɩɨɪɿɞ, ɦɨɠɧɚ ɜɿɞɧɟɫɬɢ
ɫɜɢɧɟɣ ɡ ɝɚɩɥɨɬɢɩɚɦɢ G, J1, N ɿ L.
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɜɟɥɢɤɚ ɛɿɥɚ ɩɨɪɨɞɚ ɫɜɢɧɟɣ, ɝɚɩɥɨɬɢɩ,
ɝɚɩɥɨɝɪɭɩɚ, ɉɅɊ, ɉȾɊɎ, ɦɿɬɨɯɨɧɞɪɿɚɥɶɧɚ ȾɇɄ.
Ƚɟɧɟɬɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɫɜɢɧɟɣ ɤɪɭɩɧɨɣ ɛɟɥɨɣ
ɩɨɪɨɞɵ ɍɤɪɚɢɧɵ, ɨɰɟɧɟɧɧɚɹ
ɫ ɩɨɦɨɳɶɸ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɵɯ ȾɇɄ-ɦɚɪɤɟɪɨɜ
Ʉ. Ɏ. ɉɨɱɟɪɧɹɟɜ
e-mail: pochernyaev@mail.ru
ɂɧɫɬɢɬɭɬ ɫɜɢɧɨɜɨɞɫɬɜɚ ɢ ɚɝɪɨɩɪɨɦɵɲɥɟɧɧɨɝɨ
ɩɪɨɢɡɜɨɞɫɬɜɚ ɇȺȺɇ
ɍɥ. ɒɜɟɞɫɤɚɹ ɦɨɝɢɥɚ, 1, ɉɨɥɬɚɜɚ, ɍɤɪɚɢɧɚ, 63013

Ɇɟɬɚ. Ⱦɨɫɥɿɞɢɬɢ ɝɟɧɟɬɢɱɧɭ ɫɬɪɭɤɬɭɪɭ ɫɜɢɧɟɣ ɜɟɥɢɤɨʀ
ɛɿɥɨʀ ɩɨɪɨɞɢ ɍɤɪɚʀɧɢ ɧɚ ɨɫɧɨɜɿ ɩɨɥɿɦɨɪɮɿɡɦɭ ɞɨɜɠɢɧɢ

ɐɟɥɶ. ɂɡɭɱɢɬɶ ɝɟɧɟɬɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ ɤɪɭɩɧɨɣ ɛɟɥɨɣ
ɩɨɪɨɞɵ ɫɜɢɧɟɣ ɍɤɪɚɢɧɵ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɦɨɪɮɢɡɦɚ ɞɥɢɧɵ ɪɟɫɬɪɢɤɬɧɵɯ ɮɪɚɝɦɟɧɬɨɜ (ɉȾɊɎ) ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɨɣ ȾɇɄ. Ɇɟɬɨɞɵ. ɂɫɩɨɥɶɡɨɜɚɧ ɦɟɬɨɞ ɦɧɨɝɨɫɚɣɬɨɜɨɝɨ
ɉɐɊ-ɉȾɊɎ-ɚɧɚɥɢɡɚ, ɨɫɨɛɟɧɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɫɨɫɬɨɹɥɚ ɜ
ɢɡɭɱɟɧɢɢ ɮɪɚɝɦɟɧɬɚ D-ɩɟɬɥɢ ɦɟɠɞɭ ɩɨɡɢɰɢɹɦɢ 15531
ɢ 15959 ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɨɝɨ ɝɟɧɨɦɚ ɫɜɢɧɶɢ, ɝɞɟ ɪɚɫɩɨɥɨɠɟɧɵ ɨɞɢɧ ɦɨɧɨɦɨɪɮɧɵɣ 15558W ɢ ɩɹɬɶ ɩɨɥɢɦɨɪɮɧɵɯ ɫɚɣɬɨɜ TasI 15580T > C, 15616T > C, 15714T >
> C, 15758T > C, 15916A > T. ɇɚɥɢɱɢɟ ɢɥɢ ɨɬɫɭɬɫɬɜɢɟ
ɫɚɣɬɚ TasI ɜ ɭɤɚɡɚɧɧɵɯ ɜɵɲɟ ɩɨɡɢɰɢɹɯ ɨɩɪɟɞɟɥɹɟɬ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɵɟ ɝɚɩɥɨɬɢɩɵ, ɨɛɨɡɧɚɱɟɧɧɵɟ ɥɚɬɢɧɫɤɢɦɢ
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ɛɭɤɜɚɦɢ ɨɬ A ɞɨ P. Ɋɟɡɭɥɶɬɚɬɵ. ɋɪɟɞɢ ɫɜɢɧɟɣ ɤɪɭɩɧɨɣ
ɛɟɥɨɣ ɩɨɪɨɞɵ ɍɤɪɚɢɧɵ ɨɛɧɚɪɭɠɟɧɵ ɫɟɦɶ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɵɯ ɝɚɩɥɨɬɢɩɨɜ, ɜɫɬɪɟɱɚɸɳɢɯɫɹ ɫ ɪɚɡɥɢɱɧɨɣ ɱɚɫɬɨɬɨɣ. ɋ ɧɚɢɛɨɥɶɲɟɣ ɱɚɫɬɨɬɨɣ ɜɫɬɪɟɱɚɥɢɫɶ ɝɚɩɥɨɬɢɩɵ G
(0,141), J1 (0,133) ɢ N (0,591), ɪɚɧɟɟ ɨɩɢɫɚɧɧɵɟ ɭ ɞɢɤɨɝɨ
ɤɚɛɚɧɚ Ȼɟɥɶɝɢɢ, Ɏɪɚɧɰɢɢ, ɂɬɚɥɢɢ (G); ɞɢɤɚɹ ɫɜɢɧɶɹ
əɩɨɧɢɢ, Ʉɢɬɚɹ, ɩɨɪɨɞ ɦɟɣɲɚɧ ɢ ɤɪɭɩɧɨɣ ɛɟɥɨɣ (J1) ɢ
ɞɢɤɨɝɨ ɤɚɛɚɧɚ əɩɨɧɢɢ, Ʉɢɬɚɹ, ɩɨɪɨɞ ɛɟɪɤɲɢɪ ɢ ɤɪɭɩɧɨɣ
ɛɟɥɨɣ (N). ɑɚɫɬɨɬɚ ɜɫɬɪɟɱɚɟɦɨɫɬɢ ɝɚɩɥɨɬɢɩɚ L (ɞɢɤɢɣ
ɤɚɛɚɧ Ȼɟɥɶɝɢɢ ɢ ɤɪɭɩɧɚɹ ɛɟɥɚɹ ɩɨɪɨɞɚ ɫɜɢɧɟɣ) ɫɨɫɬɚɜɥɹɟɬ 0,022; ɝɚɩɥɨɬɢɩɚ A (ɞɢɤɢɣ ɤɚɛɚɧ Ɏɪɚɧɰɢɢ, ɩɨɪɨɞɵ
ɦɚɧɝɚɥɢɰɚ, ɞɸɪɨɤ) í 0,003; C (ɞɢɤɢɣ ɤɚɛɚɧ Ɏɪɚɧɰɢɢ,
Ȼɟɥɶɝɢɢ, ɉɨɥɶɲɢ, ɂɡɪɚɢɥɹ ɢ ɩɨɪɨɞɵ ɥɚɧɞɪɚɫ, ɭɷɥɶɫ) í
0,092. Ƚɚɩɥɨɬɢɩ B1 (0,019) ɨɛɧɚɪɭɠɟɧ ɭ ɦɢɪɝɨɪɨɞɫɤɨɣ
ɩɨɪɨɞɵ ɢ ɫɨɡɞɚɧɧɵɯ ɧɚ ɟɟ ɨɫɧɨɜɟ ɩɨɥɬɚɜɫɤɨɣ ɦɹɫɧɨɣ
ɢ ɤɪɚɫɧɨɣ ɛɟɥɨɩɨɹɫɨɣ ɩɨɪɨɞ ɦɹɫɧɵɯ ɫɜɢɧɟɣ. ȼɵɜɨɞɵ.
Ƚɚɩɥɨɝɪɭɩɩɚ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɨɣ ȾɇɄ ɤɪɭɩɧɨɣ ɛɟɥɨɣ
ɩɨɪɨɞɵ ɫɜɢɧɟɣ ɍɤɪɚɢɧɵ ɜɤɥɸɱɚɟɬ ɫɟɦɶ ɝɚɩɥɨɬɢɩɨɜ
ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɨɣ ȾɇɄ. Ʉ ɠɢɜɨɬɧɵɦ ɤɪɭɩɧɨɣ ɛɟɥɨɣ
ɩɨɪɨɞɵ ɍɤɪɚɢɧɵ, ɜ ɤɨɬɨɪɵɯ ɧɟ ɩɪɨɢɡɨɲɥɚ ɢɧɬɪɨɝɪɟɫɫɢɹ
ɩɨ ɦɚɬɟɪɢɧɫɤɨɣ ɥɢɧɢɢ ɞɪɭɝɢɯ ɩɨɪɨɞ, ɦɨɠɧɨ ɨɬɧɟɫɬɢ
ɫɜɢɧɟɣ ɫ ɝɚɩɥɨɬɢɩɚɦɢ G, J1, N ɢ L.
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɪɭɩɧɚɹ ɛɟɥɚɹ ɩɨɪɨɞɚ ɫɜɢɧɟɣ, ɝɚɩɥɨɬɢɩ, ɝɚɩɥɨɝɪɭɩɩɚ, ɉɐɊ, ɉȾɊɎ, ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɚɹ
ȾɇɄ.
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