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Highly pathogenic avian inÀuenza and Newcastle disease pose considerable danger to the countries with developed poultry farming, especially in the circumstances of current complicated worldwide epizootic situation
regarding these diseases. Aim. This study is aimed at creating a system of methods to identify RNA of inÀuenza and Newcastle disease viruses on the basis of PCR. Methods. The methods of molecular diagnostics and
bioinformatics were used. Results. The system of primers and the methodology for the identi¿cation of RNA
of inÀuenza A virus (for the M-gene), highly pathogenic avian inÀuenza virus subtype H5N1 in HA and NA
genes, Newcastle disease virus with the ampli¿cation of highly variable region gene of F have been elaborated.
Conclusions. The elaborated techniques proved to be effective in the study of both reference and ¿eld samples.
Keywords: virus, highly pathogenic avian inÀuenza, Newcastle disease, polymerase chain reaction.

INTRODUCTION
The highly pathogenic avian inÀuenza (HPAI) and
Newcastle disease are some of the most contagious
diseases and the most impressive causes of economic
losses among the viral infections of numerous species
of poultry and fowl of all the age groups.
In three recent years the panzootia of avian inÀuenza
covered almost the entire Euro-Asian continent. The
current epizootic danger is conditioned by the circulation of highly pathogenic variants of inÀuenza A virus
subtype H5N1. Considering high instability of the genetic organization of the virus, the genome of which is
presented by eight RNA regions, there is a potential risk
of rapid variability and recombination of the causative
agent, which results in the changes in its antigen structure and diminishes the ef¿ciency of using the vaccine
preparations from the previously isolated strains.

¿rstly, getting an idea on the ecologic relations in the
virus-host system to study the migration ways for the
virus transmitters and to predict the epizootic situation,
secondly, elaborating ef¿cient molecular and genetic
test-systems for the indication and identi¿cation of
RNA of the causative agent, and, thirdly, creating the
strategy of elaborating the means of controlling the disease and eliminating the epizootic sources.
The highly pathogenic avian inÀuenza and Newcastle
disease are closely related in the epizootic respect, including the fact that current escalation of the situation
is often conditioned by the associated clinical course,
the cases of which are described for fowl. Pursuant to
the abovementioned, the World Organization for Animal Health recommends having parallel studies to reveal such mixed infections [3].

The scientists of different countries have noted the
presence of several groups of isolates, different in the
nucleotide content of the genes of hemagglutinin, neuraminidase, and the main viral tegument [1, 2]. The division of isolates into the corresponding subtaxons by
the qualitative content of their genetic material allows,

NSC “Institute of Experimental and Clinical Veterinary Medicine” has been conducting surveillance studies of avian inÀuenza and Newcastle disease in fowl
for almost 10 years. A number of epizootic isolates of
avian inÀuenza agents were identi¿ed during the outbreaks of this disease in the AR of Crimea, which were
identi¿ed as the representatives of highly pathogenic
subtype H5N1 and of Newcastle disease virus.
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Our studies have demonstrated that the application of
traditional virologic and serological tests is not always
suf¿cient.
This study was aimed at creating a system of methods
to identify RNA of inÀuenza and Newcastle disease viruses on the basis of PCR.
MATERIALS AND METHODS
The samples of strains, obtained by the embryonic cultivation of inÀuenza A virus/chicken/Sivash/02/2005/H5N1 and inÀuenza A virus/chicken/Primorsky/01/2006/H5N1 of the highly pathogenic avian
inÀuenza virus (HPAIV), isolated during the disease
outbreak of chickens in the AR of Crimea, which
were inactivated with formalin and E-propiolactone,
as well as the samples of embryo-adapted virus – antigen-vaccine AviFluBac-IECVM with the titer of at
least 9 log2 in the hemagglutination reaction, Newcastle disease viruses, strains LaSota (replicating viral
vaccine, Lohmann AH GmbH) and LG-85 were used
in the work. To test the speci¿city of the method we
used the samples of cDNA of the reference strains of
inÀuenza A viruses (ɇ1, ɇ2, ɇ4, ɇ5 (N1 and N3), ɇ7,
ɇ10) and ȼ, as well as Gumboro disease, obtained
from the collection of the Department of Poultry Diseases, NSC “IECVM”.
To create the databases of the sequences of the main
genes and RNA fragments of inÀuenza virus and the genomic RNA of Newcastle disease virus, were retrieved
from the international databases of EMBL, DDBJ and
GenBank, as well as the sequences of the isolates of
inÀuenza A virus and Newcastle disease virus, and later divided into subdatabases. Each of them contained
only the information on the nucleotide content of the
genes of hemagglutinin (HA), neuraminidase (NA) and
Ɇ virus of inÀuenza as well as gene F of Newcastle
disease virus.
The multiple alignment of sequences, the indices of
region entropy, the character of substitutions and the
search for conservative regions were performed using
BioEdit program v.5.2.9. and its modules – ClustalW
and Neighbor.

The viral RNA was isolated using the commercial set RIBO-sorb-50, manufactured by the Central
Scienti¿c Research Institute of Epidemiology of the
Russian Directorate for Consumer Rights and Health
Protection (RF). The isolated RNA samples were used
as a matrix for the ground work on cDNA. The polymerase chain reaction with reverse transcription (RTPCR) was conducted using the revertase ( Fermentas,
Lithuania) and Reverta-L set, manufactured by the
Central Scienti¿c Research Institute of Epidemiology
of the Russian Directorate for Consumer Rights and
Health Protection (RF).
The ampli¿cation parameters for genes of hemagglutinin and neuraminidase were worked out and improved using the basic AmpliSense K-200 sets of the
Central Scienti¿c Research Institute of Epidemiology
of the Russian Directorate for Consumer Rights and
Health Protection (RF) and Master-Mix (Fermentas,
Lithuania). The ratio of introducing the cDNA sample,
the concentration of magnesium ions, polymerase, and
dNTP, the total volume of the mixture, the temperature
of annealing and the number of ampli¿cation cycles
were empirically selected.
The testing of sensitivity and speci¿city of the methods was performed using the strains of inÀuenza A virus, which are heterological regarding hemagglutinin
and neuraminidase, as well as the samples of biomass
of RNA-containing viruses of poultry.
RESULTS AND DISCUSSION
The Bioedit program was used to study the degrees
of homogeneity and variability of the sequences of HA
gene of 98 isolates and the gene ɇA 87 of the isolates
of avian inÀuenza virus, isolated during the main epizootic outbreaks of 1967í2005, registered in the EuroAsian continent.
The conservative regions of HȺ and NȺ genes were
analyzed for the availability of the primer pairs. AmplyX v.1.1.2, the program for primer design, was
used to select 18 and 12 possible primer pairs, respectively. The next stage involved the selection of 4
pairs of primers with the PCR-quality of 80–100 %
(not having dimers, hairpins, with the GC-pairs ratio
of 50 %).

The conservative regions, identi¿ed while analyzing
the structure of genes Ɇ, hemagglutinin, neuraminidase of inÀuenza A virus and gene F of Newcastle disease virus, were analyzed for the presence of probable
primer pairs using AmplyX program v.1.1.2 for Win98.
The parameters of sequence quality and the optimization regime of the ampli¿cation thermocycles were
analyzed using OLYGOSoft software package.

The study of their speci¿city was conducted in silico
applying of all the pairs and HȺ and NȺ genes of 55
strains of subtype ɇ5N1. It was established that only
three pairs (two AivH5 and one AivN1) are capable of
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amplifying with all the sequences and Àanking regions
487 and 425 bp of HȺ and NȺ genes, respectively.
The study of the speci¿city of the system of developed primers AivH5 demonstrated that the samples of
total cDNA of heterogeneous controls (total cDNA of
chicken embryos, infected with the strain LaSota of
Newcastle disease virus, UM-93 (Gumboro disease virus and inÀuenza viruses of other subtypes which are a
part of Flu Vaccine) did not form any stripes after the
reaction.
On completing the laboratory testing of the method,
the latter was used to create “Test-system for detection
of RNA of highly pathogenic avian inÀuenza virus”
(TR U 24.4-00497087-060:2007). The commission
testing of the test-system for speci¿city, sensitivity and
absence of cross-reaction while studying the material,
infected with foreign viruses, involved the following
samples:
extra amniotic Àuid (EAF) of intact chicken embryos;
EAF of chicken embryos, infected with the strain of
inÀuenza A virus/chicken/Sivash/02/06/H5N1 with the
titer in RGA 1:16, 1:256 and 1:512;
EAF of chicken embryos, infected with the strain of
inÀuenza A virus/tern/South Africa/61/H5N3, heterological regarding neuraminidase,
EAF of chicken embryos, infected with strains of inÀuenza A virus, heterological regarding hemagglutinin
and neuraminidase: Ⱥ/duck/Alberta/60/70/H12N5,
Ⱥ/chicken/Russia/5/87/H7N1,
Ⱥ/chicken/Germany/N/49/H10N7,
A/duck/Czech Republic/56/H4N6,
A/pig/Iowa/ɇ1N1;
heterological causative agents:
Newcastle disease virus, Gumboro disease virus,
samples of which are kept in the Department of Poultry
Disease Study.
The speci¿city was determined by the number of determined negative samples, and the sensitivity – by the
number of positive samples, determined correctly. The
index of reaction reproducibility was the reproduction
of the obtained results twice with the matches in all the
samples.
After the ampli¿cation we found the presence of speci¿c amplicons in three samples of EAF from chicken
embryos, infected with inÀuenza virus subtype H5N1,
and in the track of the positive control sample (total
34

RNA from the inactivated EAF). RNA samples from
the material of intact embryos did not form the amplicons after the ampli¿cation.
The samples of total RNA of heterogeneous controls did not form specific amplicons after the amplification.
The relative regulatory standards for the test-system
have been executed; the interdepartmental approbation
of diagnosticum is in progress in SSCIBSM. The elaborated method was protected by the Declaration patent of
Ukraine. Patent for Utility Model No. 18727 Ukraine,
IPC 2006 C12N7 / 00. Method of identi¿cation of
cDNA strains of highly pathogenic avian inÀuenza H5
by ampli¿cation of speci¿c areas of HA-gene [Text] /
Gerilovich A. P., Stegniy B. T.; NSC «IECVM». –
No. u 200605945; appl. May 29, 2006; publ. Nov. 15,
2006. Bul. No. 11. í6 p.
The ampli¿cation of the 425 bp long region of NȺ
gene with the system of primers AivN1 with positive
and intact samples demonstrated the presence of speci¿c amplicons in 5 investigated samples of EAF of
embryos, infected with HPAI, as well as in the track
of the positive control sample of cDNA of HPAI virus
(living virus of the strain of inÀuenza virus A/chicken/
Sivash/02/06/H5N1, as the neuraminidase gene of formalin-inactivated virus is not ampli¿ed contrary to the
gene of hemagglutinin). The samples of cDNA from
the clinical material of intact embryos did not form the
amplicons after the ampli¿cation. The speci¿city of developed primers was proven by the absence of the formation of PCR-products during the study of the panel
of heterological samples.
The design of speci¿c primers for the indication of
inÀuenza A virus involved the analysis of 28 sequences
of Ɇ gene, which was the target gene in the study of the
method. The primers obtained were called IV_A_M_f
and r. It was established that they are speci¿c regarding cDNA of inÀuenza A virus of seven subtypes (H1,
H2, H4, H5 (N1 and N3), H7, H10), Àanking the region of 560 bp. The speci¿city of the primer system
and the method, elaborated on its basis, were proven
by the determination of cDNA region of the calculated
length in the samples of seven subtypes of inÀuenza A
virus and its absence in the samples of genetic material
of inÀuenza B virus, Newcastle disease and infectious
bursal disease.
The ¿nal stage of our studies was the determination
of promising sequences and the elaboration of PCRmethod to identify RNA of Newcastle disease virus.
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The analysis of all the investigated sequences after
the alignment demonstrated the presence of numerous
small (3í15 bp) and ¿ve large (over 15 bp) conservative regions in the structure of F gene of Newcastle
disease virus. The average entropy of the investigated
regions was in the range of 0.024–0.058.
The analysis of these conservative regions demonstrated that two of the identi¿ed regions have the
length, minimal for the primer design. The results of
the screening revealed a high degree of palindrome
nature of some conservative regions for the nucleotide
sequence of F gene, which is the reason of probable
formation of secondary non-canonic structures (including two variants of hairpin-formation with a large loop
of 7í8 bp).
Taking into consideration the presence of only
one promising region for the search of primers,
where theoretically secondary structures are negligible, we decided to have the design only on complete sequences of F gene, involving the degenerated zones. The analysis of conservative regions of
the gene allowed revealing 8 primer pairs, among
which we selected the most promising pair that is
flanking the 345 bp long region of F gene of Newcastle disease virus. This pair (NDV fusion FF/RR)
has high parameters of PCR-quality regarding the
dimerization and self-hybridization, does not form
any secondary non-canonic structures, and is remarkable for high ratio of GC-pairs and the melting
temperature of 64 °ɋ.
The empirical selection of the parameters demonstrated that the method retains its maximal sensitivity
and speci¿city at the annealing temperature of 62 °C
and the concentration of magnesium ions in the reaction mixture at the level of 2.5–3.0 mM/ml.
The analysis of the method speci¿city demonstrated
the ability to amplify only for cDNA of Newcastle disease virus and the inability to react with cDNA of inÀuenza A and B viruses as well as cDNA of Gumboro
disease virus (Fig. 2).
The elaborated methods were tested using about
500 samples of fowl and poultry, demonstrating 32
samples, positive for influenza A virus, 12 of which
were positive for subtype H5N1, and 6 identified
isolates of Newcastle disease virus. The genotyping
of the mentioned viruses regarding the elaborated
amplicons revealed that the influenza viruses belong to the European and Asian genetic lines, while
AGRICULTURAL SCIENCE AND PRACTICE Vol. 1 No. 3 2014

Fig. 1. Electrophoregram of PCR results: 1 í EAF of intact chicken embryos; 2, 10, 11 í cultivation of strain Ⱥ/
chicken/Sivash/02/06/H5N1 in dilutions 1:16; 1:256 and
1:512, respectively; 3 – RNA of cultivated strain of inÀuenza A virus /tern/South Africa/61/H5N3, 4 í RNA of cultivated inÀuenza A virus/duck/Alberta/60/70/H12N5; 5 í Ⱥ/
chicken/Russia/5/87/H7N1; 6 í A/pig/Iowa/ɇ1N1; 7 í Ⱥ/
chicken/Germany/N/49/H10N7; 8 í A/duck/Czech Republic/56/H4N6; 9 í Newcastle disease virus; 12 í Gumboro
disease virus

Fig. 2. Results of testing the speci¿city of primers to F gene
of Newcastle disease virus

Newcastle disease virus belongs to genotypes 2, 4
and 5.
CONCLUSIONS
Primers AivH5, AivN1, IV-A-M, remarkable for high
indices of PCR-quality and Àanking highly variable regions of genes HA, NȺ and Ɇ of inÀuenza virus, 487,
425 and 560 bp, respectively, have been developed.
They are suggested for the diagnostics of inÀuenza and
identi¿cation of isolates N1- and H5-subtypes.
The developed primers are suitable for the identi¿cation of RNA of Newcastle disease virus regarding F
gene (345 bp long region).
The approbation of the methods using the samples of
the genetic material of homologous and heterological
viruses of poultry demonstrated high speci¿city of the
elaborated methods. The study of 200 samples of the
clinical material of fowl and poultry allowed identifying RNA of inÀuenza virus Ⱥ í in 12 samples, includ35
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ing subtype ɇ5 – in 7, as well as RNA of Newcastle
disease virus – in 6.

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɜɿɪɭɫ, ɜɢɫɨɤɨɩɚɬɨɝɟɧɧɢɣ ɝɪɢɩ, ɧɶɸɤɚɫɥɫɶɤɚ ɯɜɨɪɨɛɚ, ɩɨɥɿɦɟɪɚɡɧɚ ɥɚɧɰɸɝɨɜɚ ɪɟɚɤɰɿɹ.

We plan on further application of the developed tests
for wide surveillance studies and on enhancing their
molecular and epizootic relevance by deeper elaboration of the methods of analyzing sequences (the study
of polymorphism of the site of cutting HA-gene of
HPAI and the hypervariable region of F gene of Newcastle disease virus) on their basis.

ɋɨɡɞɚɧɢɟ ɫɪɟɞɫɬɜ ɦɨɧɢɬɨɪɢɧɝɚ ɜɵɫɨɤɨɩɚɬɨɝɟɧɧɨɝɨ
ɝɪɢɩɩɚ ɩɬɢɰɵ ɢ ɧɶɸɤɚɫɥɫɤɨɣ ɛɨɥɟɡɧɢ ɧɚ ɨɫɧɨɜɟ
ɦɨɥɟɤɭɥɹɪɧɨ-ɝɟɧɟɬɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ

ɋɬɜɨɪɟɧɧɹ ɡɚɫɨɛɿɜ ɦɨɧɿɬɨɪɢɧɝɭ ɜɢɫɨɤɨɩɚɬɨɝɟɧɧɨɝɨ
ɝɪɢɩɭ ɩɬɢɰɿ ɬɚ ɧɶɸɤɚɫɥɫɶɤɨʀ ɯɜɨɪɨɛɢ ɧɚ ɨɫɧɨɜɿ
ɦɨɥɟɤɭɥɹɪɧɨ-ɝɟɧɟɬɢɱɧɢɯ ɬɟɯɧɨɥɨɝɿɣ
Ȼ. Ɍ. ɋɬɟɝɧɿɣ,
Ⱥ. ɉ. Ƚɟɪɿɥɨɜɢɱ, Ⱥ. Ȼ. ɋɬɟɝɧɿɣ
e-mail: antger@vet.kharkov.ua
ɇɚɰɿɨɧɚɥɶɧɢɣ ɧɚɭɤɨɜɢɣ ɰɟɧɬɪ «ȱɧɫɬɢɬɭɬ
ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨʀ ɿ ɤɥɿɧɿɱɧɨʀ ɜɟɬɟɪɢɧɚɪɧɨʀ ɦɟɞɢɰɢɧɢ»
ȼɭɥ. ɉɭɲɤɿɧɫɶɤɚ, 83, ɏɚɪɤɿɜ, ɍɤɪɚʀɧɚ, 61023
ȼɢɫɨɤɨɩɚɬɨɝɟɧɧɢɣ ɝɪɢɩ ɩɬɢɰɿ ɬɚ ɧɶɸɤɚɫɥɫɶɤɚ ɯɜɨɪɨɛɚ ɩɪɟɞɫɬɚɜɥɹɸɬɶ ɡɧɚɱɧɭ ɧɟɛɟɡɩɟɤɭ ɞɥɹ ɤɪɚʀɧ ɡ ɪɨɡɜɢɧɟɧɢɦ ɩɬɚɯɿɜɧɢɰɬɜɨɦ, ɨɫɨɛɥɢɜɨ ɡɚ ɭɦɨɜ ɫɭɱɚɫɧɨʀ ɫɤɥɚɞɧɨʀ ɟɩɿɡɨɨɬɢɱɧɨʀ ɫɢɬɭɚɰɿʀ ɳɨɞɨ ɰɢɯ ɡɚɯɜɨɪɸɜɚɧɶ ɜ ɭɫɶɨɦɭ ɫɜɿɬɿ. Ɇɟɬɚ. ɋɬɜɨɪɟɧɧɹ ɫɢɫɬɟɦɢ ɦɟɬɨɞɢɤ ɡ ɜɢɹɜɥɟɧɧɹ ɊɇɄ ɜɿɪɭɫɿɜ ɝɪɢɩɭ ɬɚ ɧɶɸɤɚɫɥɫɶɤɨʀ ɯɜɨɪɨɛɢ ɧɚ ɨɫɧɨɜɿ ɉɅɊ-ɚɧɚɥɿɡɭ. Ɇɟɬɨɞɢ. ȼɢɤɨɪɢɫɬɚɧɨ ɦɟɬɨɞɢ ɦɨɥɟɤɭɥɹɪɧɨʀ ɞɿɚɝɧɨɫɬɢɤɢ ɬɚ ɛɿɨɿɧɮɨɪɦɚɬɢɤɢ. Ɋɟɡɭɥɶɬɚɬɢ.
Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɩɪɚɣɦɟɪɢ ɿ ɪɨɡɪɨɛɥɟɧɨ ɦɟɬɨɞɢɤɢ ɜɢɹɜɥɟɧɧɹ ɊɇɄ ɜɿɪɭɫɭ ɝɪɢɩɭ Ⱥ (ɡɚ Ɇ-ɝɟɧɨɦ), ɜɿɪɭɫɭ ɜɢɫɨɤɨɩɚɬɨɝɟɧɧɨɝɨ ɝɪɢɩɭ ɩɬɢɰɿ ɫɭɛɬɢɩɭ H5N1 ɡɚ ɝɟɧɚɦɢ HA
ɬɚ NA, ɜɿɪɭɫɭ ɧɶɸɤɚɫɥɫɶɤɨʀ ɯɜɨɪɨɛɢ ɡɚ ɚɦɩɥɿɮɿɤɚɰɿɽɸ
ɜɢɫɨɤɨɜɚɪɿɚɛɟɥɶɧɨʀ ɞɿɥɹɧɤɢ ɝɟɧɚ F. ȼɢɫɧɨɜɤɢ. ɋɬɜɨɪɟɧɿ
ɦɟɬɨɞɢɤɢ ɜɢɹɜɢɥɢɫɶ ɟɮɟɤɬɢɜɧɢɦɢ ɹɤ ɩɪɢ ɞɨɫɥɿɞɠɟɧɧɿ
ɪɟɮɟɪɟɧɬɧɢɯ, ɬɚɤ ɿ ɩɨɥɶɨɜɢɯ ɡɪɚɡɤɿɜ.
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ȼɵɫɨɤɨɩɚɬɨɝɟɧɧɵɣ ɝɪɢɩɩ ɩɬɢɰɵ ɢ ɧɶɸɤɚɫɥɫɤɚɹ ɛɨɥɟɡɧɶ ɩɪɟɞɫɬɚɜɥɹɸɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɨɩɚɫɧɨɫɬɶ ɞɥɹ ɫɬɪɚɧ
ɫ ɪɚɡɜɢɬɵɦ ɩɬɢɰɟɜɨɞɫɬɜɨɦ, ɨɫɨɛɟɧɧɨ ɜ ɭɫɥɨɜɢɹɯ ɫɨɜɪɟɦɟɧɧɨɣ ɫɥɨɠɧɨɣ ɷɩɢɡɨɨɬɢɱɟɫɤɨɣ ɫɢɬɭɚɰɢɢ ɩɨ ɷɬɢɦ
ɡɚɛɨɥɟɜɚɧɢɹɦ ɜɨ ɜɫɟɦ ɦɢɪɟ. ɐɟɥɶ. ɋɨɡɞɚɧɢɟ ɫɢɫɬɟɦɵ
ɦɟɬɨɞɢɤ ɩɨ ɜɵɹɜɥɟɧɢɸ ɊɇɄ ɜɢɪɭɫɨɜ ɝɪɢɩɩɚ ɢ ɧɶɸɤɚɫɥɫɤɨɣ ɛɨɥɟɡɧɢ ɧɚ ɨɫɧɨɜɟ ɉɐɊ-ɚɧɚɥɢɡɚ Ɇɟɬɨɞɵ.
ɂɫɩɨɥɶɡɨɜɚɧɵ ɦɟɬɨɞɵ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ ɢ
ɛɢɨɢɧɮɨɪɦɚɬɢɤɢ. Ɋɟɡɭɥɶɬɚɬɵ. ɉɪɟɞɥɨɠɟɧɵ ɫɢɫɬɟɦɵ
ɩɪɚɣɦɟɪɨɜ ɢ ɫɨɡɞɚɧɵ ɦɟɬɨɞɢɤɢ ɜɵɹɜɥɟɧɢɹ ɊɇɄ ɜɢɪɭɫɚ ɝɪɢɩɩɚ Ⱥ (ɩɨ Ɇ-ɝɟɧɭ), ɜɢɪɭɫɚ ɜɵɫɨɤɨɩɚɬɨɝɟɧɧɨɝɨ
ɝɪɢɩɩɚ ɩɬɢɰɵ ɫɭɛɬɢɩɚ H5N1 ɩɨ ɝɟɧɚɦ HȺ ɢ NȺ,
ɜɢɪɭɫɚ ɧɶɸɤɚɫɥɫɤɨɣ ɛɨɥɟɡɧɢ ɫ ɚɦɩɥɢɮɢɤɚɰɢɟɣ ɜɵɫɨɤɨɜɚɪɢɚɛɟɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɝɟɧɚ F. ȼɵɜɨɞɵ. ɋɨɡɞɚɧɧɵɟ ɦɟɬɨɞɢɤɢ ɨɤɚɡɚɥɢɫɶ ɷɮɮɟɤɬɢɜɧɵɦɢ ɤɚɤ ɩɪɢ
ɢɫɫɥɟɞɨɜɚɧɢɢ ɪɟɮɟɪɟɧɬɧɵɯ, ɬɚɤ ɢ ɩɨɥɟɜɵɯ ɨɛɪɚɡɰɨɜ.
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɜɢɪɭɫ, ɜɵɫɨɤɨɩɚɬɨɝɟɧɧɵɣ ɝɪɢɩɩ, ɧɶɸɤɚɫɥɫɤɚɹ ɛɨɥɟɡɧɶ, ɩɨɥɢɦɟɪɚɡɧɚɹ ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ
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